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MUSICAL ‘TONE SIGNAL SYNTHESIZER

The'present invention relates to a musical tone signal
-“synthesizer of the modulation type, and more particularly
~to a musical tone signal synthes1zer wherein a sideband
‘wave caused by modulation 1s utilized to synthesize

a mngioa1 tone signal of a fixed formant characteristic

lDisciosed in Japanese'Patent'Laid-Open Puhlication No.
52(1990) 254497 is ‘a musieal tone signal synthesizer wherein :
"a windowing function waveform signal is repeatedly produced:
'fpat a cycle corresponding with a frequency of a musical tone

signal ‘to be generated or a frequency of 1nteger tlmes the
"t;ffrequency of the musical tone signal - so that a waveform
signal starting from a predetermined phase at each cycle of
fthe windowing function waveform 31gna1 is repeatedly pro-
fduced at a shorter cycle than that of the windowing func- .
' 7t10n waveform signal and wherein the produced waveform
hsignals are multipliedkto synthesize a musical tone signal
~of a fixed formant characteristic.' Disclosed also in
:Japanese Patent Publication No. 64(1989)-4199 1s a musical
uftone signal synthesizer of the frequency modulation type
~-,wherein a waveform signal 1is produced as a carrier at
a’ frequency of a musical ‘tone signal to be generated or
a frequency of integer times the frequency of the musical

,tone signal and wherein another waveform signal 1s
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_produced as a modulation wave at a frequency related to
"iinteger times the frequency of ‘the carrier S0 that frequen—

cy modulation of the carrier is. effected by the modulation

wave to obtain a plurality of sideband waves for synthesis
. of a-musical tone_signal

In the case- that the former musical tone. signal synthe-
sizer is adapted to synthesize a mus1cal tone s1gnal with
a plurality of formants, it is required to provide a plu-

rality of musical tone .silgnal synthesizers in parallel in
accordance with the number of formants.'

This means that )
the whole construction of the musical tone signal synthe—

: sizers-becomes-complicated.

In the 1atter musical.tone. .
signal synthes1zer, a distributed condition of the sideband

waves obtained by the frequency modulation may not be
estimated in a simple manner.

_ It is, herefore,

characteristic

difficult
to synthesize a musical tone signal of a desired formant

Accordingly, a primary obJect of the present invention

is to provide a musical tone signal synthesizer capable of

synthesizing a musical tone signal of a desired formant
characteristic in a simple manner.

In the present invention, the primary object is accom-

plished by prov1ding a musical tone- signal synthesizer

which. comprises first waveform signal producing means for

producing a first waveform signal of a frequency defined by’

first frequency information applied thereto, second wave-
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form signal producing means for producing a second waveform

L signal indicat1Ve of ‘a windowing function at a cycle

defined by second frequency information applied thereto,

third waveform signal producing means arranged to be

jsynchronously controlled by the ‘second waveform producing
- -means for repeatedly producing a third waveform signal :
' starting from a predetermined phase at each cycle of the

'-fsecond waveform signal at a shorter cycle than that of ‘the

second- waveform signal modulatlon means for applying the

5w tfirst waveform signal as a modulation signal to the second
' lwaveform signal producing means for modulation of the

csecond waveform signal; and means for. multiplying the

U_rsecond and third waveform signals to produce a .fourth

waveform signal as a musical tone signal

According to an aspect cf the present invention, there

'l-is prov1ded a musical tone signal synthesizer which
'comprises first waveform signal producing means for produe-
' 1ng a first waveform signal of. a frequency defined by first
,-frequency information applied thereto. second waveform
'_signal producing means for produclng a second waveform
~signal indicative of a. windowing funct1on at ‘a cycle
'idefined by - second frequency information applied thereto:
. third. waveform signal producing means arranged to be
: synchronously controlled by the second waveform producing
. means for repeatedly producing a third waveform signal
'starting from a predetermined phase at each cycle of the '
'“hsecond waveform signal at a ‘shorter cycle- than that of the’

'.second waveform slgnal, modulation means for applying the
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first waveform signal as a modulation signal -to the third
.":waveform signal producing means for modulation of the third "
S waveform signal and means for multiplying the second and '

ethird waveform signals. to produce a fourth waveform signal

as a.musical tone signal_

According to another aspect of the present invention,
-pthere is provlded a mus1cal tone signal synthesizer which
_comprises first waveform signal producing neans for produc-
ing a first waveform signal of a frequency defined by first .
_frequency information applied thereto, second waveform
signal producing means for producing a second waveform
- :signal. 1nd1cative of a. w1ndowing function at a cycle |
' a:defined by second frequency information applied thereto..
'third waveform signal producing ‘means arranged to be '
: synchronously controlled by . the second waveform producing
. means for repeatedly producing a third waveform signal
starting from a.predetermined phase at each cycle of the
Second waveform sighal at-a'shorter cycle'than'that of the
'second waveform signal; first modulation means for applying
~the first waveform signal as a modulation signal to the
second waveform signal producing means for modulation of -
the second waveform signal; and second modulation means for |
applying the first waveform signal as a modulation signal '
-to the third waveform signal producing means for modulation
. of the third waveform signal; and means for multiplying the
second and third waveform signals ‘to produce a fourth :

f::.waveform signal as a musical ‘tone signal.
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According to a still another aspect of the present
finvention. there is provided a muslcal tone ‘signal synthe—
3:sizer which comprises first waveform signal producing means'

- r.for producing a first waveform signal of a frequency
defined by first frequency 1nformation applied thereto;
‘second waveform signal producing means for producing
‘a second waveform signal indicative of a windowing function,
at a. cycle defined by second frequency information applied
thereto. third waveform signal producing means arranged to
be synchronously controlled by the second waveform produc- '
'ing means for repeatedly producing a third waveform signal
starting from a predetermined phase at each cycle of the
second waveform signal at a shorter cycle than that of the'

c“ﬁ_second waveform signal means for multiplying ‘the second
'isand third waveform signals to produce a fourth waveform
i-fsignal as. a musical tone signal. and modulation means for
'-applying the fourth waveform s1gnal as a modulation signal
i-fito the first waveform 51gnal producing means . for modulation__t

~of the first waveform signal

In a practical application of the present invention,
-rthere 1s provided a. musical tone signal synthesizer which :
-'comprises a first. calculation unit including first waveform C
"fsignal producing means for producing a first waveform

';fsignal of a frequency defined by first frequency informa-
;tion applied thereto and first modulation means for modu—'

-ﬂ*flating the first waveform signal by a first modulation
r”signal applied thereto; a second calculation unit including;-
.second waveform s1gna1 producing means for repeatedly
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..produciné"a.second waveform s1gnallindicative of a window-
f:ing function at a cycle corresponding with a frequency
rdefined by second frequency information applied thereto,_
:fthird waveform signal producing means to be synchronously
'f_icontrolled by the second waveform signal producing means.

~. .for. repeatedly produclng a third waveform signal starting

from a predetermined phase at each cycle of the second .

T waveform signal at a shorter cycle than that of the second

o _waveform signals to produce a fourth waveform signal, and
.fsecond modulation means for modulating the second and third
rwaveform signals by a. second modulation signal applied
'ﬁthereto, selective connection means for selectively con-

hfnecting an output of the first calculation unit to a modu—

lation input of. the second modulation means in the second

':calculation unit. and for selectively connecting an output
~of the second calculation unit to a-modulation input of the

'first modulation means in the first calculation unit,

wherein the output signal of the first or second calcula—_

' tion unit is output as a musical tone signal.

For better understanding of the invention, and to show

how the same may be carried into effect, reference will now

_be made..by way of example, to the accompanying draw1ngs.

wherein the same reference numerals,denote the same ele-
ments.-' .

| Fig._l is a block diagram of .a f1rst embodiment of

) _a musical tone 51gna1 synthesizer in accordance with the
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ﬂ Fig. 2 illustrates waveform s1gnals appearing at

”fprespective portions of the musical tone signal synthesizer

“shown in Fig 1-'

Fig. 3 1s a spectrum envelope view show1ng the occur-

'*'.rence condition of plural formants in: the musical tone .
signal synthesized by the musical tone signal synthesizer
of Fig._

Figs. 4(A) and 4(B) each are a spectrum envelope view

showing an experimental result of synthe31s of a musical

: tone signal by means of the musical tone s1gnal synthesizer '
“of Fig._i; .

_ Fig 5 is a block diagram of a second embodiment of

*'a musical tone signal synthesizer in accordance with the

ﬂpresent invention,

Fig. 6 is . a spectrum envelope view showing the occur--"

f}rence of. plural formants in a mu31ca1 tone signal’ synthe-

"sized by the mnsical tone. signal synthesizer of Fig. 5;

Figs. 7(A) ‘and 7(B) each are a spectrum envelope view

‘zijshowing an experimental result of synthesis of a musical

tone signal by means of the musical tone signal synthesizer

yof Fig.'5;

Fig. 8 is a block diagram of a practical embodiment of.f'

' a musical- tone signal synthesizer adapted to an: électronic

“_pmu51ca1 instrument'x

F1g._9 is a block diagram of a practical embodiment of

;teach of the calculation units 20A. and 20B shown in’ Fig. 8;

. Fig. 10 illustrates various waveform signals produced-

"_by.a standard_waveform producing_circuit_shown.in Fig. 9;
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. _ ' Fig 11 is a. block diagram of a practical embodiment of
ti:; alcalculation unit 20C shown in Fig. 8; o '
.. "Flg. 12 illustrates s1gnal waveforms at respective
portions shown in Fig 8 for explanation of operation of -
'.the calculation unit 20C; |
Fig 13 illustrates s1gnal waveforms at respective
::-portions shown in- Fig. 8 for explanation of operation of _7
 the calculation unit 20C;
: Fig. 14 is a block diagram of a practical embodiment of
each of the calculat1on units 20D and 20E shown in Fig. 8;
L Fig. 15 is 'a functional block diagram of a first exam-_"
: ple showing a connected condition of the calculation units”
"_20A20E' N | |
" Fig. 16 is a functional block diagram of a second
;dexample showing a connected condition of the calculation'
| units 20A-20E; | " |
- Fig. 17 is a functional block diagram of a third exam-
}'1ple showing a connected condition of the calculation units
20A-20E; . - . .

Flg. 18 is a functional block diagram of a fourth
example showing a connected condition of the calculation
units 20A- 20E; _
| Fig. 19 is a functional block diagram of a fifth exam-
ple showing a- connected condition.of_the_calculation-units

| 20A-20E; - o I
| - Fig 20 is a functional block diagram of a sixth exam—_'
_ 'ple showing a connected conditlon -of the calculation units
| 20A-20E; and -
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Fig 21 is a functional block diagram of a seventh
-f-yGXﬂmPle showing a connected condition of" the calculation
units 20Af20E..

In- Fig. 1 of the drawings, there is illustrated a block
-diagram of a- first embodiment of a muslcal tone signal
synthes1zer in accordance with the present invention which
" includes flrst. second and third waveform signal producing
h_portions 11, 12 and 13. The first waveform s1gna1 produc—
ing portion 11 is comprised of a phase data producing
| circuit 1la: and a waveform memory 11b. The. phase data
'-_producing circuit 11a includes -an accumulator as a main
component and is designed to.- accumulate frequency 1nforma-_-.
tion data FN applied thereto at each timing defined by
a clock signal (not shown) thereby -to successively output .'
pthe accumulated value as a phase data indicative of 0-2z .
When the accumulated value becomes a. predetermined value-
(for'example, 2z), the phase-data_producing circuit 1la
restarts'to accumulate'frequencyfinformation data applied
' ethereto from an initial value (for example, 0). Thus, the
production cycle .of the phase data is defined by the
-applied frequency information ‘data FN and becomes short in
',accordance with an increase ot frequencies represented by
the frequency information data FN, as shown by the charac—
ter "a" in- Fig._z. - The frequency information FN .
'corresponds with a tone: color designated by a tone color
'_designation means such as a tone color selection device,
an automatic performance apparatus or the like and repre-

?fsents a value - proportional to a tone pitch frequency or
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integer'times-the toneppitch frequency (in'an audible band) -
of'a'musicalltone'to be generated by a performance means
such'as'a keyboard apparatus,.the automatic performance
”_apparatus or the like. -The waveform:memory'llb is arranged
sto memorize a number of sampling data indicative of -
a predetermined waveform (for instance, a sine wave) per'
one cycle. " The sampling data are successively addressed
by the phase data applied from the phase data producing
hcircuit 1la: s0 that the waveform signal indicative of the
'predeterm1ned waveform is read out as a first waveform
:s1gna1 "b” shown in Fig. -2 from the .waveform memory 11b at

~a frequency defined by the frequency 1nformation FN.

-Similarly,'the-seCQnd'waveform signal producing portion
'12 is. comprised ‘of a phase data producing circuit 12a and .
. a waveform memory 12b The phase data producing circuit
-12a includes an accumulator as a main component which is
1fdesigned to accumulate frequency information FP applied -
'”qﬁthereto thereby to successively output a phase data "c"
indicative of the accumulated values 0<2n as shown in Fig
2. In this phase data producing- circuit 12a, the wvalue of
- frequency information FP is. accumnlated from an initial
'*uvalue (for 1nstance, 0) in. response to a key on signal KON )
_._applied from the performance ‘means such as the keyboard
.dev1ce. the automatic performance apparatus or the like to
yproduce a synchronous slgnal SY per one cycle of the accu-
'7-mu1ation._ The frequency information FP corresponds with a
.. tone color designated by the tone color desngnation means

such as the tone color:selection device, the automatic
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performance apparatus or the like and represents a value
prcportional to a tone. pitch frequency of a musical tone
.'signal to. be designated and generated by the performance
:1{a[ means or integer times the tone pitch frequency. 'The
.'frequency information FP may be represented by a different'
”vaalue even it 1t 1s represented by the same value as the
'yfrequency information FN The waveform memory 12b is
.'arranged to- memorize a. number of’ waveform sampling data
'jindicative of a windowing function per one cycle. The
_sampling data are successively addressed by the phase datah
applied from the phase data produclng circuit 12a through
3_an adder ‘14a so that a waveform signal indicative of the
”window1ng function 1s read out as a second waveform signal
cowgm from the waveform memory 12b at a frequency defined by

athe frequency information FP as shown  in Fig..z.

_ Similarly to the first and second waveform signal
‘producing circuits 11 and 12, the third waveform signal
;producing circuit 13 is comprised of a phase data producing '

:'circuit 13a and a waveform memory 13b The phase data'
'f_producing circuit 13- includes an accumulator as a main
'component which accumulates frequency information FC ap-
'-plied thereto to successively output the accumulated fre-
__quency information as. a phase data "e" indicative of 0- Zn
';Tas shown. in Fig. 2. . ‘The frequency information FC is
' designated by the tone color designation means such as the
-'tone color selection device, the automatic performance
eapparatus or the like to represent a central frequency
position of a fixed_formant. The frequency information FC
L
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-'isfrepresénted'as a larger value.than'the frequency infor-
-mation.FN"FP.t Thus, the production cycle of the phase
.1g-_data in- the phase data producing circuit 18a 1is extremely
jshorter than that . of the phase data by the phase data
‘producing circuits 11a, 12a. In the phase data producing
_'circuit 13a, the-value of frequency information FC is o
E accumulated from an initial ~value (for instance, 0) in |
'-response to the key on signal KON and reset by the synchro--
i-pnous signal SY from the phase data producing c1rcuit lZa ‘to
".h'restart accumulatlon of the frequency information from the .
-initial value. The waveform memory 13b 1s provided to
t'memorize a number of sampling data indicative of a prede-
'termined-waveform (for instance, a sine wave) per one
fﬁcycle.. The sampling data are successively -addressed by the_{.
-phase data applied from the phase data producing circuit
13a through an adder 14b"so that a waveform signal indica-
'tive of. the predetermlned waveform is read out - as a third
'iwaveform signal "f“ as shown in Fig. 2. from the waveform
memory 13b at a frequency defined by the frequency informa— '
‘tion FC.

The adders 14a. 14b are adapted to add the waveform
':data from the waveform memory 11b to each phase data from
' the phase data producing circuits 12a ‘and 13a. Since these
f.adders ‘14a, - 14b each act as ‘a modulation means; the first
.waveform s1gnal from the first waveform signal producing
;:dportion 11 is applied as a modulation signal while the _
s,_second and third waveform s1gna1s from the second and third -

.aneform signal producing portions 12 and 13 each are
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applied with frequency modulation. The waveform memories
112b and 13b are. connected to a multiplier 15 which multi-
:;_plies the third waveform 51gnal 4 from the third waveform
'lsignal producing portion 13 by the second waveform signal
':f.“d" from the second waveform signal producing portion 12 to
":output intermittently the third waveform signal in- accord—
."ajance with the ‘windowing function represented by the second h
~ waveform signal _'As shown by an arrow A in Fig. 3, the
5c._interm1ttent waveform s1gnal has a fixed formant character—
d'histic wherein the -center of formant is 1ocated ‘at a posi- ‘
'tion of a frequency defined by the frequency information FC
't,'and wherein a. plurality of higher harmonics are included at
__yan interval of a frequency defined by the frequency infor—
;,mation FP ' o

_ The multiplier A5 1s connected to a multiplier 16 which
:is adapted to multiply the waveform signal from the multi-
:Vplier 15 by an envelOpe waveform signal from an envelope
. waveform signal producing circuit 17. When applied with
lthe key—on signal KON from the performance means and
id envelope information EGP from the - tone color designation
:'means. the envelope waveform signal producing circuit 17
]produces ‘an envelope waveform signal indicative of _
an amplitude.envelope waveform of.a mu51ca1 tone signalnand '

applies_it.to the.multiplier 16. -

_ Hereinafter.'operation.ofpthe musical_tone.signal_'
_ 'synthesizerwwillabe described in detail. When‘the key-on
B ,signal‘KON,:frequency'infOrmation FN, FP, FC and envelope
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'information EGP'are produced by'operation of the pérforme
_ance means and tone color designation means, the first

' waveform signal producing portion 11 outputs a first wave-
- form signal "b" as shown in Fig. 2 at a frequency repre—
'sented by the frequency information FN, while the second
f7waveform signal producing circuit 12 produces a second '
'-waveform signal "d" as shown in Fig 2 at a frequency
deflned by the frequency information FP as a carrier repre-

senting a w1ndowing function modulated by the first wave-

':f _form signal "b". -In this instance, the third waveform

,signal producing circuit 13 produces a third waveform
signal "£" as shown in Fig ‘2 at a frequency defined by the
'frequency information FC as a. carrier modulated by the

first waveform signal "b". _ The second and third waveform

: signals "d" and "P" are multiplied by the multiplier 15 and

:applied as-a fourth waveform signal to the multipller 16

During such operation of the musical tone signal syn-
‘ithesizer as described above, the envelope waveform produc-
ing eircuit 17 produces an envelope wavefOrm signal desig-
nated by the envelope informatlon EGP in response to the.
key-on signal KON. Thus, the ‘multiplier 16 multiplies the

envelope waveform signal by the fourth waveform signal from

"the multiplier 15 “to apply an amplitude envelope defined by:

the envelope waveform signal to the fourth waveform signal

- hereby to produce the fourth waveform signal as a musical

tone signal. In the musical tone signal synthesizer, the
.fourth waveform signal becomes identical with a waveform

_signal modulated by the flrst waveform_signal “b"_since the
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'adders.14a, 14b act to modulate ‘the second and third wave-h
form signals "d" and "e by the first waveform signal "b".
| "Before. modulated by the first waveform signal the fourth _
"q_waveform signal 1s already in the form of a waveform s1gnal
'*which has a high- level at a specific frequency region o
.defined by the frequency informatlon FC of the third wave-
.form signal and includes a plurality of higher harmonicsﬁ"
components Thus. a plurality of side ‘band waves occur at,
'frequency positions shifted by the frequency ‘of the first
waveform signal from the respective hlgher harmonics compo—
| "nents of the fourth waveform s1gnal As -a result, the ' '
.fourth waveform signal modulated by the first waveform
f-signal is applied with a fixed formant characteristic
_ .comprised of a plurality of. fixed formants as shown.
- in Fig. 8.

'Illustrated in'Figs 4(A) and 4(B) are spectrum'
:envelopes of musical tone ‘signals. synthesized under condi—?
' 'jtions (1) and (2) listed in the following table 1.
-~ Table 1 | _ _
B | " Condition (1) = Condition (2)
";qurstuwaveform;signal; R |

:-WavefOrm'_- S | Sine wave ~ Sine wave
~Frequency 2200 Hz 220 Hz
Amplitude level | -7d8 . - - 17 dB
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N | --Continued--
Second waveform signal: |
'WaVeform;-.'f . : .'_' Square . Square
| - :  sine wave  sine wave
Frequency . | o . 220 Hz B 220 Hz -
" Band width . 50 Hz . b0 EHz
’ThirdZWavefOrm signal: o
'Waveform - _ ' sine wave ~Sine“wave
 Frequemcy _4009.H_z L ioos Hz.
_'r'Fourth waveform signal _
"”_Amplitude level - 0dB . 0 dB

In the table l, the band width of the second waveform
"51gnal represents a- frequency width of 3 dB below a peak
'value 1n a formant of the waveform signal formed by multi-
plication -of the third waveform signal and the -second

waveform signal:(the_windowing function).

: From the above description. it will be understood that
: a mu51cal tone signal of a fixed formant characterlstic
'comprised of a plurality of fixed formants can be synthe-
51zed in a simple construction only by means of the second
'and third waveform-s1gnal produclng portions 12 and 13, the
multiplier 15 for forming the fourth waveform signal the.
first waveform signal producing portion 11 and the adders
14a, 14b for modulatlng the fourth waveform signal. Since

each frequency position.of the fixed formants can be simply

16 This Sheet Has Been Reﬁaced
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;ldefined by each frequency of the first second and third '

- waveform signals (each frequency defined by the frequency

_information FN, FP and FC), a musical tone signal of-
7:rha desired formant characteristic comprised of

.:a plurality of fixed formants ‘can be synthesized in

a151mple manner.

:'.AlthOugh in thehfirst'embodiment'of the_musical tone
'.;signal synthesizer. all the first seCond-and third'wave—'
ilqiform signals have been modulated 1n frequency. either one
of the. waveform 51gna1s may be modulated in frequency to
._modulate the other waveform s1gnals in frequency ' In such
L a modification. either one of the adders . l4a ‘and . 14b may be
eliminated. .h

Illustrated in Fig. 5 is a second embodiment of .
":_fa musical tone signal synthesizer in accordance with the
ipresent invention which 1ncludes first, second and third
?waveform signal producing portions 11, 12 and 13 multipli— g
ers 15 and 16 and an envelope waveform producing circuit 17
provided: substantially in the same manner as in the first '
'a.fembodiment In this second embodiment - the adders l4a and
_ “14b. of the first embodiment are replaced with an adder 18 :
ﬁ3f'wh1ch is adapted to add a- fourth waveform signal in the =
"form of an output signal of the multiplier 15 to a phase
data applied from the phase data produ01ng circuit 11a
”:The adder 18 acts as. a modulation ‘means for applying fre-

'quency modulation to the first waveform signal
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Assuming that in operation of the second embodiment,'
“tq'the ‘performance means and tone color de51gnation means suchy
'as the keyboard device and the tone color selection device’
_' have been operated to produce a key on signal KON, frequen-
'1cy information FN FP FC and envelope information EGP, the.
second and third waveform 'signal producing portions 12 and

'13 produce second and ‘third waveform signals "q" and "f" as
-,_shown in Fig. 2 at each frequency defined by the frequency
'finformation FP, FC. The second and third waveform signals
.V"d" and "f" are multiplied by the multiplier 15 and -applied

:as a fourth waveform signal to . the adder 18. . On the other

:hand the. first waveforn signal producing portion 11

'iproduces a first waveform signal "B" as shown in. Fig 2 as
- a carrier-atqa_frequency defined by the frequency informa-

tion FN, and the adder 18 acts'to'modulate the first wave-i

_form signal "b" by the fourth waveform signal applied
--thereto from- the multipl1er 15 Thus, the multiplier 16
"~acts to. multiply the modulated Tirst waveform signal by

1.an envelope waveform 51gna1 applied from the envelope

| waveform generating circuit 17 thereby to produce a musical

gtone signal with an amplitude envelope defined by the

envelope waveform 51gnal

In.such'a musical tone signal as described above,
a plurality of side band waves occur at opposite sides of
a frequency of the first waveform signal with an interval
defined. by the frequency of the fourth waveform signal.
Provided that, “the frequency component is inverted in

',phasef _The fourth wavefOrm'signal is inherently in the

18 This Sheet Has Been Reﬂlaced :
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'frform of a waveform signal having a fixed formant character-
"fﬂfistic shown by the character A in Fig. 6 and including
- a_plurality_of_higher_harmonics components.the level of" _
'”'which 1is higher at'a specific'freQuency region Thus.'the
':Qformants included in the fourth waveform signal are aligned'
'ion a frequency axis. and the first waveform signal modulat—
led by the fourth waveform signal becomes & waveform signal
'hav1ng a fixed formant characteristic comprised of . the
"-:plural formants as shown in Fig 6
Illustrated in Figs. 37(A) ‘and 4(B) are spectrum |
f,envelopes of musical tone signals synthes1zed under condi— i
‘tions (1) and (2) 1isted in the following table 2.
f Table 2

Condition (1)  Condition (2)

'*First waveform 'signal:

-Amplitude level

- Received Time

.1-'1. J an..: 13115 -

" Sine wave

;Waveform f ;Sine wave'
Frequenicy 220 HZ- 440 Hz
Amplitude level - 17 @B, - 17 4B
" Second waveform signal'f 'hi _ |
'Waveform 8 Square Square
| : ~sine wave' sine wave._:
-'_Frequen'c'y .110 Hz 110 Hz
Band width 50 Hz 50 Hz
i_fThird waveform signal _ i _
 Waveform . ‘Sine wave Sine wave
! Frequency 4009 Hz 4009 Hz
'“_Fourth waveform signal_ | | _ '
0 aB 0 dB
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fIn the table 2 the band width of. the: second waveform

q_signal is the same . as 1n the first embodiment

' From the'above description, 1t will be underStood_that
S 1n the second embodiment . a musical tone signal with
a fixed formant characteristic comprised of a plurality of .'
_formants can be synthesized in a simple manner only by
i -means. of the second and third waveform signal producing
.'portions 12 and 13, the multiplier 15 for forming the
ffourth waveform signal the first waveform signal producing
portion 11 for producing the mu51ca1 tone’ signal modulated
3by the fourth,waveform signal and the_adder 18 for modula-
h 'iOn of the'musical tone signal. Since each frequency
position of the plural formants is simply defined by each
' ffrequency of the first second and third waveform signals
(each frequency defined by the frequency information FN,
_ FP FC), a musical tone signal having a desired formant
‘characteristic comprised of a plurality of fixed formants

- can be synthesized in a simple manner.

_ Although in;the.first'and_second embodiments, it is
_qdesirable thatfeach frequency of the first and'second
'ﬁwaveform signals is set in a relationship of about integer
7times for.obtaining a scale note, such a relatlonship

between the first and second waveform signals is not.
'required to obtain a musical effect tone other than the .
- Scale note, effect and. alarm tones in a computer device,

a_game_equipment or the 1like.
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Although in the first and second embodiments, frequency
'modulation has been utilized phase modulation of the -«
fourth waveform signal (the second or third waveform s1g—
nals) may be effected by the first waveform s1gna1 or phase
'-'modulation of the first waveform signal may be effected by
”‘the fourth waveform signal since a similar result can be
l_obtained by either the phase or frequency modulation In
ffthe case that a 1arge number of formants are not required
iamplitude modulation of the fourth waveform signal. (the
:second or third waveform signal) or the first waveform
;signal may be effected by the first or fourth waveform
signal. o

Practical application°-c_;

. Illustrated in Fig 8 is a block diagram of an elec-
Ttronic musical instrument equipped with the musical tonef
'signal synthesizer 1n accordance with the present. inven—

_ ition The electronic musical instrument includes five
. -calculation units 20A-20E respectively for calculation of
& waveform signal. The calculation units 20A-20E each are
Qprovided,with anfinput terminal-to be applied-with_various
HcOntrol-parameters PAR~forfproduction of the=waveform
' signal and a key-on signal KON from a controller 21 and _
output terminals 01, 02 for applying a calculated waveform :
.';signal to an output selection circuit 22 In addition. the
'vcalculation units 20A 20B each are provided with an input |
?terminal M to be. applied with a modulation signal from
.an input . selection circuit 23, the calculation un1t 20C is

if;provided with input terminals M1, M2 to be applied w1th the

.21 This Sheet Has Been R
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modulationisignal'from.the~input selection circuit 23, and
‘the calculation'units 20D, 20E each. are provided with
;an input terminal CI to be applied a. carrier signal from

the 1nput selection circuit 23

_ The controller 21 is designed for control of the calcu-
lation units 20A-20E and the output and input selection
'circuits 22 and 23. In operation, the controller 21
- applies a key on signal KON to the calculation units 20A-
_ZOE in response to key performance on the keyboard device
_ 24 and reads out’ the control parameters PAR and CPAR from‘
‘the’ parameter memory 26 in accordance with a tone pitch
designated by -the key performance and a tone color selected
crby operation of ‘the tone: color selection device 25 to apply'
o the control parameter PAR to the calculation units 20A-20E
"f and to apply the control parameter CPAR to the output and
;iinput selection,circuits-zz and 23. The controller 21 is
-connected:to an external information input/output device 27
which controls the control parameters'PAR and CPAR and key-
'on.signal KON.applied to and from another electronic musi-
cal instrument, an automatic performance apparatus and

an acoustic instrument.

The output selection circuit 22 is adapted to select
B Land/or mix waveform signals applied from the output termi-
‘nals 01 02 of each of the calculation units 20A- 20E in
'accordance with the control parameter CPAR from the con-
a;troller 21 thereby to output the selected and/or mixed

ni_ waveform signals as a musical tone s1gnal or feed back the

22 This Sheet Has Been Reﬂlaced
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':selected and/or mixed waveform signals to the input. selec—
'_iytion eircuit. 23. The 1nput selection circuit 23 is adapted
 to select and/or mix the feedback waveform signals and .
lapply them to the input terminals M, M1 M2 of calculation
_'ﬁ units ZOArZOC or the input terminals CI of calculation
-"-units 20D. 20E

- As shown in Fig 9..each of the calculation units 20A- :
lZOB includes a phase data producing circult 31, an adder'
'32. a waveform memory 33a, a multiplier 34 and- an envelope
| 'f'waveform producing circuit '35 which correspond respectively
“vwith the phase data producing circuit 1lla, adder 18, wave-
. *ﬁform memory 11b multlplier 16 and envelope waveform pro-
: . ducing circuit 17 in the second embodiment shown in Fig. 5.
d.”T'The phase data. producing circuit 31 is connected to
"iiia multiplier 36 to. be applied ‘with a multiplied value
L MULT FN of" the . frequency 1nformation FN ‘and frequency
t]'coefficient MULT for. repeatedly producing a phase data at
. a cycle reversely proportional to the multiplied value MULT o
-.FN; The adder 32 is adapted to .add a- modulation signal ;
;applied from the exterior through the modulation wave input
terminal M. to the phase data from the phase data producing
}circuit 31 and to add a waveform signal fed back from the_-
| multiplier .34 through a multiplier 37 to the phase data _
H'gWith such arrangement of the adder 32, & feedback frequency
*.modulation can be . effected and the feedback amount of the.
_"waveform signal is determined by a feedback gain FBG ap-
. plied to. the multiplier 37 '

23 _ This Sheet Has Been Reﬂlaced
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The waveform memory 33a is included in a standard
'waveform producing egircuit 33 to be addressed by the phase
5ﬂdata from the phase data producing circuit 31. The stand—
~ard waveform producing circuit 33 further includes various
- ~kinds of calculation circuits and a. selection circuit other
.. than the waveform memory 33a to selectively produce’ various
'fkinds of waveform signals in accordance With waveform
selection information WS applied thereto as- shown in Fig.
110, The multiplier 34 1is adapted to apply an amplitude
'*envelope to an- output waveform Signal of the standard
i.waveform producing circuit 33 in response to an envelope
.waveform.Signal produced by the envelope waveform producing
| circuit 35. The waveform signal with the amplitude
_.-envelope 1is output through the output terminal 01. The
-:_,output waveform signal of the standard waveform producing
_"circuit 33 is also output through the output terminal 02
'rwithout being applied with. any amplitude envelope. The
.control parameter PAR supplied from the controller 21
. includes the frequency information FN, frequency coeffi- -
cient MULT, waveform selection information WS, envelope
information EGP . and feedback gain FBG. Thus, the calcula—
,tion units 20A, ZOB each are responsive to the key-on |
f_signal to produce a: waveform signal having a frequency
:ﬂdefined the frequency information FN and coefficient MULT
and a higher harmonics. component corresponding with the
ﬂwaveform selection information WS and to modulate the
' produced waveform signal by the modulation signal and/or
the feedback signal applied to the modulation wave input
' terminal.M for producingavarious kinds of waveform signals
| Been Replaced
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As shown in Fig. 11, the calculation unit 20C includes
7phase data producing circuits 41a,’ 41b, adders- 42a, 42b

'ffrwindowing function waveform producing circuits 43a, 43b,

- ;phase data producing circuits 44a. 44b adders 45a, 45b,
'_lstandard waveform producing circuits 46a, 46b, multipliers"
" 47a, 47b, a multiplier 48 and an. envelope waveform produc-__

~ing circuit 49 which correspond respectively with the phase-
iddata producing circuit 12, adder 14a, waveform memory 12b,

’c_fphase data producing circuit 13a, adder 14b waveform

memory 13b multiplier 15, mnltiplier 16 and envelope
'waveform generating circuit 17 in the first embodiment shown |
1n Fig.-l._ In this calculation unit 2OC the windowing
'7?function waveform producing circuits 43a 43b each include
a waveform memory addressed by phase data "c1", “c2"' "a1",
 md2" ‘shown 1n Fig. 12 as 1in ‘the respective standard wave-'
form producing'circuits 33 of the calculation units 20A
-ffZOB and a calculation circuit for converting an output
.waveform of the waveform memory.: With the waveform memory
and calculation circuit . the windowing function waveform
fproducing circu1t 43a; 43b each act. to produce a windowing
L':-dfunction waveform s1gnal indicative "gin 2 SKT(xlz)“
;shown by the characters "el", ." e2"'in Fig. 12. In the
'windowing function waveform signals, the character X repre-
hsents a phase data and the character SKT represents
T a control information for controlling a skirt portion of
_hthe window1ng function waveform in such a manner that

'wa spectrum envelope of a fixed formant becomes narrow in S
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'--widthfin accordance:with'aniincrease of the skirt portion.
The . standard ‘waveform produc1ng circuits 46a. 46b each are
composed in the same construction as those in the calcula-.

" tion units 20A ‘20B to produce waveform signals "b1", "b2"

' _shown in . Fig 12 . in accordance with the phase data “a1",_5

"a2" and the-waveform,selection information WS.

In the calculation unit 200, each circuit for producing
the waveform signal having the fixed formant characteristic_'
'-is provided respectively in pairs so that the time width of
“the windowing function can be set by two times a cycle |
' defined by the frequency information FP. For the purpose
. 'of setting the time width of the windowing function, the
i ,_frequency 1nformation FP is shifted down by one bit by
3means of. a shifter 51 so that the pair of phase data .
_producing circuits 41a,,41b each act to. produce a synchro-
nous signal SY and phase -data "cl”, "e2" different_in
,a.phase of.u_as-shOWn in Fig. 12. Additionally,
~a pair of phase data producingfcircuits'SZa, 52b are
_ provided to continuouSly change the time width of the
windowing function The phase data producing circuits 52a,.
52b are applied with time width information BW for succes—-
.l__sively accumulating the time width information BW. When
" the time width 1nformation is accumulated up to a predeter—
. mined maximum value (corresponding with a maximum address
-of the waveform memory in the respective windowing function.'
waveform producing c1rcuits 43a, 43b), the phase data _
iproducing circuits 52a, 52b cease accumulation of the time

: width information and restart to. accumulate the time w1dth

B 26 . -
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informatiOn from an initial value (for instance,"o"} in
response to the synchronous signals SY applied from the

;phase_data-producing.circuits 41a, 41b.

o A pair of comparators ‘53a, 53b are provided to compare
'the phase data’ from the. phase data producing circuits 41a,.
41b with the phase data from the phase data producing '
jfcircuits 52a, 52b for producing a high’ level signal "1"
h'when the latter phase data are more than the former phase
data and for producing a low 1eve1 signal "0" when the
_ illatter phase data are. less than the former phase data
."-jA pair of. selector circuits 54a 54b are provided to
:'t'select the phase data of the phase data producing circuits..'
's,52a. 52b when applied with the high 1eve1 signal "1" and to
'.:fselect the. phase data of the phase data producing circuits.
4la, 41b when_applied with the low_level s1gnal_"0?.

'Accordingly, if the,time'width'information-is less than
two times thehcycle defined‘by the frequency information .
'FP, the inclination of the phase data "d1", "d2" from the
dphase data producing'circuits 52a,'52b increases more than d
that of the phase data “cl", "c2" from the phaSe'data
dproducing circuits 41a._41b as- shown in Fig 12. As: o
a result, the selector circults 54a. '54b._act to apply the
'-pphase data from the phase data producing circuits 52a, 52b.
as an address signal to the w1ndowing function. producing
-:.circuits 43a, 43b through the adders 42a. 42b, If the time
lli.width information BW is more than two times the cycle-'
“i.idefined hy the frequency information FP, .the inclination of

27 .
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E.he phase data:"cl" '"c2“ from the phase data-producing--
c1rcu1ts 4la, 41b increases more than that of the: phase -
lidata "dl" "d2" from the phase data producing 01rcu1ts 52a, '
_525@ In this instance. ‘the selector circuits 54a, 54b act |
- to apply the . phase data from the phase data producing
:circuits 41a,_41b as an address signal to the windowing
~ function waveform: producing circuits 43a, 438b through the
| adders 42a, 42b. Thus, the time width of the windowing _
function is variably controlled in such a manner that the .
y'.amaximum time w1dth of the windowing function is variably
"controlled to be two times the cycle defined by the fre- _
:.rquency information FP To further. prolong the max1mum time
1width of the windowing function. the respectlve circuits in
.”the calculation unit. 20C are provided in more than three

-fpairs.

~In the calculation un1t 20C composed in pairs.
a waveform signal of a frequency defined by the frequency
-finformation FC-is intermittently output from_each of the
o _multipliers 47a. 47h in response-to a windowing'function-"
'waveform signal at a. cycle of two times the cycle defined
by the. frequency information FP. Both the output waveform
'-signals are modulated by each modulation signal supplied to
the modulatlon wave 1input terminals M1, M2 under control of
the adders 42a. 42b 45a, 45b. When output signals of the
'fmultipliers 47a. 47b are mixed at an adder 55 the waveform '
“-signal is intermittently produced at the cycle defined by
the. frequency information FP. *_ ' '
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The output waveform signal of the adder 55 is output

' from the output terminal 01 after applied with an amplitude
o fenvelope in response to an envelope waveform signal pro-
:':__duced by the envelope- waveform signal producing circuit 49.
- "tThe output waveform signal of the adder 55 is also output
hfrom the’ output terminal 02 Without being applied with any
: : amplitude envelope. The control parameter supplied from
f_:the controller 21 1ncludes the frequency information FC
.':FP time width information BW, skirt portion control infor-

mation SKT waveform select1on information WS and envelope _

'-information EGP Thus, the calculation unit 20C is

.T-responsive to the key on signal KON to- produce a waveform

’erequency information FC time: width information BW and
fskirt portion control information SKT and a plurality of

imatlon FP and waveform selection signal WS and to modulate
. the produced waveform signal by the modulation signal
'f'applied to the modulation wave input terminals M1 and M2
. for producing various modulated waveform signals with -an.

'_amplitude.”

envelope.

As shown in Fig. 14, the calculation units 20D and 20E

';each are . provided with a white noise producing circuit 51

for produclng a white noise The white noise from the

f,white noise producing circuit 51 is supplied to a multipli—
-_er 55 through a low—pass filter 52, ‘an adder 53 and

-;Ja correlative noise producing circuit 54 ‘The low-pass

Co28 This Sheet Has Been Reﬂlaced
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_filter 52 is. adapted to pass only a low frequency component

mincluded 1n the white noise therethrough for producing a
:;noise signal having a formant at a 1ow frequency region. h
~ With the 1ow-pass filter 52, the skirt portion of the
" formant at the, 1ow frequency region can be controlled by _
.'_the skirt portion control information NSK. The adder 53 is
lt'adapted to add a direct current component NRS to the white
_noise passing through the 1ow—pass filter 52 for rising a
peak of the formant. The magnltude of the formant peak 18
:-determined by the direct current component NRS. The cor- -
relative noise producing circult 54 is adapted to apply -

. fcorrelation to the noise applied w1th the direct current
component NRS for further changing the formant characterls-'
tic. The band width of the formant is variably controlled

. by band w1dth information NBW

The multiplier 55 is applied'with a waveform signal
from a standard waveform producing circuit 56 through a
'selector circuit 56 or a carrier signal from the selector _
*circuit 56. ‘The standard waveform producing circuit 56 is -
:gthe ‘same as the standard waveform producing circuit 33 in )
"the calculation units 20A, 20B which is addressed by a

phase data from a phase data producing circuit 58 to read
" out a waveform signal therefrom and to change the read out.
-.waveform signal in accordance with the waveform selection ‘
:information WS._ The phase data producing circuit 58 is the B
same the phase data producing circuit 31 in each of the-
calculation units ZOA 208, which is adapted to repeatedly
"Iproduce a phase data at a. cycle defined by the frequency
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ﬁ'pinformation NF. .;The selector circuit 57 is adapted to
selectively output a carrier signal applied at its . input
“terminal CI in response to carrier wave selection informa-'
'rtion CSEL of high 1eve1 "1™ and to selectively output a
'}:“waveform 51gna1 from. the standard waveform producing cir-
_-cuit 56.. . The multiplier 55 is adapted to multiply the .
.1_noise signal from the correlatlve noise producing circuit'
'5_54 by the waveform signal from the selector. circuit 57
fThus, a noise signal ‘having the formant is obtained at a _
:position adjacent the frequency position of the waveform

'{-*signal from the selector?circuit 57.

.oThe output of multiplier 55 1is multiplied.at'a'multi~
;riplier]by;an,envelope aneform signal.produced by the'en—_
) velopedwaveform producing circuitasz and_is output from the
output terminal,01.-.The output.signal_of multiplier 55 isi .
.*foutputlfrom the output terminal 02 without heing applied”.
'"with any amplitude envelope The control parameter PAR
'supplied from the . controller 21 includes the skirt portion
,control information NSK direct current component NRS, band
“width 1nformation NBW, “waveform. selection information WS,
.,pcarrier -wave selection information CSEL, frequency 1nforma--
ﬂtion NF . and envelope information EGP Thus, the calcula--
"_tlon units 20D ZOE each are responsive to the key—on
signal KON to_produce a noise slgnal having a fixed formant
characteristic defined by the skirt portion control infor-
mation NSK direct current component NRS and band width
_information NBW at a frequency position defined by the

-'p'frequency information NF and waveform selection signal WS
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.'_or a frequency position of the carrier signal applied at _
l_iits carrier ‘wave input terminal CI and to output the noise

'}.signal after-applied with an amplitude_envelope

'; Assuming that in operation of the electronic musical
"instrument described above, the controller 21 has beern
.applied with a selection signal indicative of a tone color

'-from the external information input/output device 27 the
'controller 21 reads out the control parameters PAR CPAR
:”from the parameter memory 26 to supply the control parame-
syter ‘PAR 'to the calculation un1ts 20A—20E respectively and

" to supply the control parameter CPAR to the output and
1nput selection circuits 22 and 23. In response to the_l'
'control parameter CPAR, the. output and input selection
e 'i-: ~ eircuits: 22 and 23 act to connect the calculation units
B ZOA—ZOE as shown in Fig. 15. Thus, the calculation units
.:20A—20E each are conditioned to execute calculation of
waveform signals applied thereto in accordance with the

:control parameter PAR. In such a connected condition of
h-the calculation units 20A-20E, an adder 71 1s contained in

the output selection circuit 22 to mix waveform signals :

"-_applied thereto. and an: ‘adder 72 is contained in the output
'flselection circuit 22 or the input selection circuit 23 to

'mix.waveform.signals applied thereto.

_ When. applied with a key—on signal KON indicative of
' designation of a musical tone signal from the keyboard
~device 24 ‘or the external information input/output device
. 27, the calculation units 20A-20E are activated. In the

_____é_____;_;__——e
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' lconnected condition shown in Fig 15, waveform signals .
'produced by the calculation units '20A and 20B are mixed at
' the adder 72 and. supplied to the modulation wave input
l:'terminals M1 and M2 of the calculation unit 200 Thus,
a waveform signal of a fixed formant characteristic iS'
produced by the calculation unit 20C and modulated 1n
_frequency by the mixed waveform signals from the calcula—
,rtion units 20A and 20B to output a waveform signal having a
.fixed formant characteristic comprised of a plurality of
.formants through the adder 71. . -In this instance, nolse
f“signals .each. having a formant characteristic from the .
”:dcalculation'units ZOD and 20E are mixed with the output
| uwaveform 31gnal from the. calculation unit 20E at the adder i
5'71, In addition, the output waveform signal and noise
'signals may be independently output as shown by broken
1ines 1in Fig. 15.

| When the:cOntroller'21_isuapplied with'a'selection
.'_signal indicative of another tone color, the.calculation
tfunitszOAezoEiare connected'as-sh0wn in Fig. 16. In such
; a'connected.condition as shown'in Fig 16, an adder 73 is
.ﬁcontalned in the output selection circuit 22 to mix output
'.”fwaveform s1gnals from the calculatlon units 20A ZOC 20D
handuZOE. In this instance._a waveform 51gnal of a fixed f'
.pfOrmant characteristic produced by the calculation unit 20C
.-is modulated in frequency by a waveform signal from the _
calculation unit 20B to_output a waveform signal having a
'fixedrformant.characteristic_comprised of a plurality of:

'fprmants'through the adder 73 as in the first embodiment._
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When the controller 21 is applied with a selection
"signal 1nd1cat1ve of another ‘tone color, the calculation _
 units 20A-20E are connected as shown in Fig. 17 or 18. In
.f'such a connected condition as shown in Fig. 17 or 18, an
i adder 74 or- 5 is contained in the output selection circuit
- 22 to mix output waveform signals from the calculation .
* units 20A, 20B, 20D and 20E. In this instance, the wave-
;dform signals produced by the calculation units ZOA. 20B or
jthe waveform signal produced by the calculation unit 20A
are. modulated in- frequency by the waveform signal having
-__;a fixed formant characteristic. from the calculation unit
"200 S0 that a waveform 51gnal having a fixed formant char-
. '.acteristic comprised of a plurality of formants is output
. through the.adder 74 or 75.

When the. controller 21 is applied with a selection
':51gnal indicative of another tone color, the calculation
units 20A—20C are. connected in series as shown in Fig 19.
:In -such a connected condition ‘as shown in Fig 19
-_an output waveform gignal of-the calculation unit 20B is
-_modulated in frequency by a waveform signal produced by the'
calculation unit 20A, and a waveform signal of a fixed
aformant characteristic produced by the calculation unit 20C
is modulated in frequency by the modulated waveform slgnal
':from the calculation unit 20B. In a connected condition
- shown in. Fig. 20, a waveform ‘signal of a f1xed formant '
'fcharacteristic produced by the calculation upit 20C is
}_: modulated in fregquency by a waveform signal applied from.

the’calculation.unit~20A. and a aneform_signal-produced by
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:?the calculation unit ZOB is modulated in frequency by the

- ,modulated waveform signal from the calculation unit 20C.

'Accordingly, in the connected condition shown in Fig 19 or

L 20 it is able to. synthesize a musical tone ‘signal hav1ng

.a fixed formant characteristlc comprised of more complicat-

if ed formants than those in the first and second embodiments

ln the.case that”the calculation-units 20A—200.are
”connected as shown in Fig. 21, a waveform signal produced
by the calculation unit ZOC is modulated in frequency by.
'waveform signals produced by the calculation unit 20A and
'20B.. In this instance, the calculation unit 20C is applied

'fwith different waveform s1gnals at its modulation wave

. - input- terminals Ml and M2. Thus. a musical tone signal

fhaving a f1xed formant characteristic comprised of compli—

cated formants can be synthesized.

'fConSequentlyjlin the'electronic'musical instrument,

'aia waveform signal haviné a-fixed formant characteristic--

- comprised of complicated formants can be. obtained in

na simple manner as in the first and second embodiments _
?'In the electronic mu51cal instrument the calculation units
'hizoA—ZOD can be selectively connected in various conditions

uby means of - function of the output selection c1rcu1t 22 and

f”finput selection circuit 23 This is useful to synthesize

'various ‘kinds of mu31ca1 tone signals in the form of

'A_a waveform signal having a fixed formant characteristic

e comprised of complicated formants in a simple manner.
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_ Although in the foregoing embodiments and application
_the calculation unit 20C has been adapted to produce
-a. waveform ‘signal of a fixed formant characteristic.

{.a plurality of the calculation units may be provided to
-.modulate in frequency a waveform signal of a fixed formant
characteristic by a waveform signal of & fixed_formant .

characteristic. *ln_addition. the frequency modulation may

- be replaced with phase modulation or amplitude modulation.

'Although in the foregoing embodiments.'the'Calculation'_'.
j.units 20A—20E each have been composed of -a hard circuit,
"the calculation units each may be composed of a digital
5551gna1 processing circuit the calculaticn of which is
-'executed by a microcomputer. Alternatively. the calcula-_

i. tion units 20A- 20E each may be composed of a calculation
| circuit of the time divisional multi- channel type to simul-

.taneously synthesize a plurality of musical tone signals

j Although in the foregoing embodiments, ‘the control ' _
' parameters PAR, CPAR changed in accordance with designation_
-of a tone pitch ‘and -a tone . color. the control parameters
PAR, CPAR may be controlled by key touch designation of

L a tone volume or a breath pressure
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"l 1;_ A musical tone signal synthesizer comprising

: first waveform signal producing means for producing
- a first waveform signal of a frequency deflned by first
"frequency information applied thereto; o |

second waveform signal producing means - for producing

a’ second waveform signal indlcative of a windowing function
at.a.cycle-defined by_second frequency ‘information applied
thereto; - . | o o :

. third waveform signal producing means arranged to. be
synchronously controlled by said second waveform producing

.means for repeatedly producing a third waveform signal

”V__.starting from a predetermined phase at each cycle of the

‘second. waveform signal at a shorter cycle than that of the
",second waveform signal _ ' _
modulation means for applying the first waveform signal
'as a modulation signal to said second waveform - signal
producing means for modulation of the second waveform
lsignal. and . o _
' - - means for multiplying ‘the second and third waveform
signals to produce a - fourth waveform signal as a musical

;ttone=signal,

2._ A musical ‘tone signal synthes1zer comprising..
_ first waveform signal producing means for producing
'a first waveform signal of a frequency defined by first
frequency information applied thereto,

second waveform signal produclng means for produc1ng
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_ second Waveform signal producing means for producing o
o a second waveform signal indicative of a windowing function
| at a cycle defined by second frequency information applied
”a-thereto. - ' _
| _' third. waveform signal producing means arranged to be
.synchronously controlled by sald second waveform producing
..means for repeatedly producing a third waveform s1gna1
starting from a predetermined phase at each cycle of the
second waveform signal- at a shorter cycle than that of the
second waveform signal . . _
modulation means for applying the first waveform signal
'ﬂ_fas a modulation -signal to said third waveform. signal
'-producing means for . modulation of the third waveform
-.signal, and '
' -~ means for multiplying -the second and third waveform
'signals to produce a fourth waveform s1gna1 as a musical

ﬁtone signal

3-"A'musical tone signal synthesizer comprising:
first waveform_signal,producing means forlproducing'
a first waveform.signal of a frequency'defined by first
frequency information applied thereto;
' second waveform signal producing'means for:producing
a'second waveform signal-indicative of a windowing function
"at a cycle defined by second frequency information applied
;.thereto' ' o
' third waveform signal producing means arranged to be
-'synchronously controlled by said second waveform producing

-jbu_means for repeatedly producing a third waveform signal
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'T'jstarting from a predetermined phase at each cycle of the )
.fsecond waveform signal at a shorter cycle than that of the
-second waveform signal ' '

first modulation means for applying the first waveform
signal as a modulation signal to said second waveform
'51gnal producing means for modulation of the second wave-
 form signal, . _
second modulation means for- applying the first waveform
s1gna1 as a modulation signal to said third waveform signal
-_producing-means for,modulation of the third waveform
‘signal; and | '
' means for multiplying the second and third waveform
.signals"to produce a fourth_waveform signal as a musical

.tone signal.

4.'.A musicalftone signal-synthesizer comprising:
first-waveform signal producing means”for producing
a firlt waveform lignal of a frequency defined by first
Jfrequency information applied thereto.: o
: second waveform signal producing means for producing
a second waveform signal 1ndicative of a w1ndow1ng function
. at a cycle defined by second frequency 1nformation applied
thereto. _ ' .
. third .waveform s1gnal producing means arranged to be .
'sychronouesly controlled by said second ‘waveform producing f
- means for repeatedly producing a third waveform signal
"..starting from a predetermined phase -at each cycle of the
:second waveform signal at a shorter cycle than that of the

_second waveform signal _
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means. for~mu1tiplying the second'and'third'waveform
signals to produce a fourth waveform signal as a musical
_tone signal; and _ '
modulation.means for:applying'the fourth waveform-
signal as a modulat1on signal to said first waveform - signal
u.producing means for modulation of the first waveform

“signal.

5. A musical tone signal synthesizer comprising.

a first calculation unit 1ncluding first waveform
signal producing means,for-producing a first waveform
signal of a frequency defined hy first’freduency informa-_

. tion applied thereto and- first modulation means for
_modulating the first waveform signal hy a first modulation
'signal applied thereto. _

a_second calculation unit inciuding second waveform
signal producing means for repeatedly producing a second
.waveform signal indicative of a. windowing function at
a. cycle corresponding with a frequency defined by second

'-frequency information applied thereto, third waveform pro
ducing. means to be synchronously controlled by said second
'waveform signal producing means for repeatedly producling a
lthird waveform signal starting from a predetermined phase
at each cycle of the second waveform signal at a shorter
cycle than that of the ‘second waveform signal, means for

' multiplying_the second and third waveform signals to pro-
duce a fourth waveform signal and'second.modulation means
~“:for modulating the second and third waveform signals. by a -

second ‘modulation signal applied thereto;.
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selective connection means for selectively connecting '
an - output of said first calculation unit to a modulation
-finput of said second modulation means 1n ‘said second calcu—
lation unit and for selectively connecting an output of
.said second calculation unit to. a modulation input of said -
'f;first modulation means 1n said first calculation unit°
| wherein the. output signal of said first or second |

calculation unit is output as a mus1ca1 tone signal
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