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.Pescription - - MJUSI CAL TONE SI GNAL SYNTHESI ZER The - o

present invention relates 'toa-nusical tone si'gnal  synt hesi £ the

nodulatlon type, .and nDre partlcularly to a nu5|cal tone Si nahﬁ§gm¢mmsAgeEEN
mherelnta spdeband : . REPLACED

H
'l
1

: Description

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 syntheSizer wherein a sideband
wave caused by modulation 1s: utilized to synthesize

a mngioa1 tone signal of a fixed formant characteristic

Disclosed in Japanese Patent Laid-open Publication No
52(1990) 254497 is ‘a musieal tone signal synthesizer wherein :
_ " a windowing’ function waveform signal is repeatedly produced
- ef, I ;;pat a cycle corresponding with a frequency of a musical tone
o - signal ‘to be generated or a frequency of integer times the
"Z;Tfrequency of the musical tone signal - so that a waveform

signal starting from a predetermined phase at each cycle of
fthe windowing function waveform 31gnal is repeatedly pro-

fduced at a shorter cycle than that of the windowing func-
' 7t10n waveform signal and wherein the produced waveform
._signals are multipl:l.edt to 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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Wave caused by. moduTation is utilized to. synt hesi ze
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synt hesi;zer wherein a. mnndomnng functi.on wavef orm signal . |s§repeamem@wmg

tone signal
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produced at a.cycl.e correspondlng ‘with a frequency of a nuste#F=+

to be: generated or a frequency -of

integer tines t he

frequency of
so that a waveform signal
duced at a

startlng froma
predeternlned phase. at each cycl'e of the wi.ndow ng furction meveforn15|gnal
i s.repeatedly pro-

z #hfefﬁeg@“tgg
€. pro Wav e

integer times the frequency of the carrier so that frequen-
cy modulation of the carrier is. effected by the modulation

- wave to obtain a plurality of sideband waves for synthesis

T of a musical tone signal

In the case- that the former musical tone. signal synthe-
1zer 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.i It is, therefore. difficult

to synthesize a musical tone signal of a desired formant

characteristic

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_iniafsimple-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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signal s are nultlplled to synt hesi ze a nusical tone signal of a fixed

formant characteristic. Disclosed also in. Japanese Patent Publication No.
64(1989)-4199 is a nusi cal ‘tone signal synthe5|zer of -the f &
modul atidn type: .wherein & waveform signal “i's produced as alc&ﬂSﬁﬁEEﬁHA%ﬁEEg]'
_frequency of” a nusical tone signal .to be generated or a frefjuencyR@.ACED
‘i'nteger-tines: t he: frequency of- the nmusi cal . tone signal, an wherein

'another maveforn15|gnal is. - L o - B 2

. form signallpnoducinggmeans'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
_jsynchronously controlled by the ‘second waveform producing
"smeans 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
5f.pfirst waveform signal as a modulation signal to the second
'.hwaveform signal producing means for modulation of the
csecond waveform signal; and means for. multiplying the
U_fsecond and third wavefornm signals to produce a fourth

waveform signal as a musical tone signal

According to .an aspect of the present invention, there
'l-is prov1ded a musical tone signal synthesizer which |
'comprises first waveform signal producing means for produc-
' 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
'hdefined 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 '
'“fsecond waveform signal at a ‘shorter cycle- than that of the’

'.second waveform signal, modulation means for applying the

3 : This Sheet-Has Been Reilaced

(AR

Received Tine. AT 1305 Print_'l'l"ime- 1 Jan 13:45




‘96 01/11 14:286 2052 583 1925 ' AIASE PAT. +»+ ELLA ' doo7

“produced as a .nodul ati on wave at a frequency related to integer times the
_frequency of -the carrier so that frequen- cy nodul ati‘on of.iheicaaalef ==
effected by the modul ation -wave to obtain a plurality of § @@@@tg@m@SBEEN
for. sytheS|s of a nusical tone- signal ~In the case that hhpLAorDer
nusi cal tone signal synthe- sizer is adapted to synthesizet
si‘gnal Mﬁth .a plurality of formants, it is required to prOV|de a pIu-
'rallty of HUSICa| tone S|gnal synthe5|zers |n paraIIeI

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 '

tthird 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 produ01ng means for producing a second waveform
- :signal. 1ndicative 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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accordance with the nunber of formants.” This neans that the whole '
construction .of the nusical tone signal synthe- sizers becones

conplicated. In the latter nusical tone signal synthesizer, out %
condi'tian of sthe sideband waves obtained by the frequency d”ﬁ$§ﬁﬁ'&ﬁﬁ BEEN
not be estimated i'n a sinple-manner.. It is, therefore, difficllt td*ErrAUED

;syntheS|ze a nusical tone signal of a deS|red'fornnnt_ characteristic.
Accordlngly,.a primary object of the present invention is.to provide a°
‘musi.cal’ tone signal synthesizer capable of synthesizing a.nusical tone

S| gnal Of a de5| red A&Mng Cﬁ@raacstﬁrl'lshh%th@raaép%teofﬁﬁnerpresent
C o sinvention. there 1is 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'
1cTﬁ_second waveform signal means for multiplying ‘the second
- ”i_.i;.; j;plrand third waveform signals to produce a fourth waveform
N L .5Jsignal as. a musical tone signal. and modulation means for
'-applying the fourth waveform s1gnal as a modulation signal
i-ﬂito the first waveform 51gnal producing means . for modulation_

~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—'

-'*flating the first waveform signal by a first modulatlon _
r”signal applied thereto; a second calculation unit including;-
.second waveform s1gna1 producing means for repeatedly

5 _ Been Re{laced

i

'_Recgjvéd Time] )  11;Jan.13:15]-; ._fl':Print ijé“l'_.jl_Jan,13;44-



'96 01/11 14:27 2052 583 1925 . AIASE PAT. »>»»> ELLA .

In.the-present
a nusical tone signal syntheS|zer whi.ch conprises first wapeform-sigrat———"
produci ng nmeans for produ0|ng a first waveform signal of B fuequsEdyHAS BEEN |

idoos

i.nvention, the prinmary object is accom pllshed by providing

defineddy. first frequency information applied thereto; sHcond RAFEATED

_3_ forn15|gna

produ0|ng means for producing a second wav&FeFi—

..produciné"a second waveform s1gnal'indicative 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

"_'controlled 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

' _waveform signal means for multiplying the second and third

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 connectlon 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

'appresent 1nvention,
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S|gnal i ndi cati ve, of a wi ndowi.ng function at a cycle defined by second .
frequency- i nformat.ion ‘applied thereto; third waveform signa
means arranged .to ‘be synchronously control | ed by the second WHVQEEIHTL#53BhEN
_prodUC|ﬂg neans for repeatedly producing a third waveform s| gnal.mi@ﬂﬁdr@
from a.predeternined phase - at each cycle of the second wav ek _
shorter cycle than that of the-second wavef or m si gnal ; nodul ati on- neans for
appl ying.the first maveforn15|gnal as a nodul-ation S|gnal to the second
maveforn1shgnal pr?dUC|ng nmeans for ‘nodul ation of .the second waveform

$Si-gnal ; and .nmeans | [ToYr s OE=Yg| sagnals to
produce a:fourth" mg%e orrné%%?égliﬁgga%ﬁu3|cgﬁ ?3ﬁgh§? yéaﬁlﬁk ag«:cordlng
'to an -aspect -of renpent&xnnponn&nns<ﬂf uﬂeem@sﬂsaércondedisnﬁ%sﬁzthﬁﬁﬁEer
-5|gnal syntheS|zer whi ch g nprlses first waveform signal producing neans
for produc- I ng sheyn (in h15|gnal of ‘a frequency defined by first

ki requency I nformat i Oﬂqig'lppé'ﬁéj 4 iwe&munﬁesiﬁmoncveﬁewrmhowmg the occur-

'*'.rence condition of plural formants in: the musical tone .

'signal synthesized by the musical’ tone signal synthesizer
of Fig 1; , _ _
'_ - Figs. 4(A) and 4(B) each are a spectrum envelope view |
showing an experimental result of synthe31s of a musical .
R tone signal by means of the musical tone s1gna1 synthesizer '
‘of Fig. 1; | o | -
L Fig. 5 is a block diagram of a second embodiment of '
'a musical tone signal synthesizer in accordance with the
| ﬂpresent invention. o _ )
-{f:.ﬁ;n"fpyp . Fig. 6 is . a spectrum envelope ‘view showing the occur--"
R | tVrence of. plural formants in a mn31ca1 tone signal synthe-
"sized by the mnsical tone. signal synthesizer of Fig. 5;
B Figs 7(A) ‘and 7(B) each are a spectrum envelope view
‘zljshowing an experimental result of synthesis of a musical
tone signal by means of the musical tone signal synthesizer
'.'of Fig. 5; |
| ‘Fig. 8 is a block diagram of a practical embodiment of.f'
- a musical tone signal synthesizer adapted to an: électronic
“_pmu51cal instrument '
o Fig. 9 is a block diagram of a practical embodiment of
;seach of the calculation units 20A- and 20B shown in’ Fig. 8;
L Fig. 10 illustrates various waveform signals produced-

",by.a standard_waveform producing_circuit_shown.in Fig. 9;
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Signal produci ng- means f or produci ng a second wavef orm si gnal indicative of

‘a wi ndowi ng function at a cycle defined by second frequency
applied thereto; third waveformsignal producing means arra

'synchronbusl y . control | ed: by the second waveform produci ng m

‘-ntomﬁa _
@ﬂ&ehﬁ”:ﬁiu
ans fBEPLACED

-repeat edl y' producing a third waveform si-gnal starting from & predeterm ned
phase at each cycle of the second wavef orm signal "at a shorter cycle than o

4.

that of3ihe_secdnd-mavefbrniSignal“ nDduIation heans for applying t he

' Fig. 11 is a. block diagram of a practical embodiment of

T a calculation unit 20C shown in Fig. 8;

"Flg. 12 illustrates s1gnal waveforms at respective

portions shown in Fig 8 for explanation of operation of -

'.the calculation unit 20C; |

Fig 13 illustrates s1gna1 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;

Fig. 15 is ‘a functional block diagram of

a first exam-_"

ple showing a- connected condition of the calculation units”

- 20A- 20E; |
.' Fig. 16 is a functional block diagram of
- E _11 2 ;iexample showing a connected condition of the
: AR units 20A-20E;
- Fig. 17 is a functional block diagram of

a second

calculation'

a third exam-

f'iple showing a connected condition of the calculation units

©20A-20E; - - - o

Flg. 18 is a functional block diagram of
example showing a connected condition of the
units 20A- 20E; '
| Fig. 19 is a functional block diagram of

a fourth

calculation

a fifth exam-

ple showing a- connected condition.of_the_calculation units

| 20A-20E; o |
' -~ Fig 20 is a functional block diagram of.

8 sixth exam—_'

'ple showing a connected conditlon -of the calculation units

. 20A-20E; and -
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flrst wavef orm signal as a nodulation signal to the third maveforn15|gnal
.prodUC|ng means for nodul ation of the third . wavef or m.si gnaj;
mul-tiplying: the second and . third maveforn15|gnals t o produge 1S POVREL A
waveform signal . as a musi cal tone signal . Accor di ng ! andfﬁe%Ckﬂ
~aspect, of -the present invention, - there is provided a nusical tone Signal
:synthe3|zer mhlch conpri ses. flrst wavef or m si gnal produci ng neans. for
produc- ing afirst maveforn15|gnal of a frequency defined by first
f requency i'nformation applied thereto; second wavef orm -si gnal prodUC|hg

“means: for- produ0| N9#A se%nqsm%vm Pional block diagram of a seventh

- example showing a connected condition of the calculation
]units_ZOAfZOE.. :

In- Fig. 1 of the drawings, there is illustrated a block
~diagram of a- first embodiment of a muslcal tone signal
syntheSizer in accordance with the present invention which
~ includes first. second and third waveform signal producing
l_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
e__ift; fﬂ- ,f. a clock signal (not shown) thereby -to successively output .'
B : 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'frequencyf1nformation data applied
' nthereto 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 1ike and repre-

?fsents a value - proportional to a tone pitch frequency or
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Srgnal i ndicative of a w ndow ng- function at a cycle deflned by second |

frequency |nfornatjon applied thereto; third wavef orm si gnal=producrrg
means- arranged to be ‘synchronously controlled by the second w@h@ﬁ%n#ﬁ-“ﬂ33 EN -
produci ng means for repeatedly producing a third maveforn15|gnal REPRAFERg

froma predetern1ned phase at each cycle of ‘the second wavef ormrsignal . at a
shorter cycle than that of the second waveform signal; first nodul ation -
means for applying the first waveform signal as a modul at i on signal to .the
second wavef or m si gnal prodUC|ng means for nodul ati'on of " the second -

vaveform signal ; ajegg%]gg il&es ﬂijelsattgc#é AR Fr¥uedy Xdﬂgahhﬁuﬁibie band)

‘wavef orm si gha
' o of a musical tone 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
fcircuit 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
.fg'. - _"p p'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
_produce a synchronous slgnal SY per one cycle of the accu-
'7-mulation._ The frequency information.FP_corresponds with a
. tone colorfdesignated by_the tone cblor designation means

such as_the tone colorxselection device, the automatic
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tothe third: maveforn15|gnal produci ng nmeans for nodul ation of the third

‘wavef orm si gnal ;

S|gnals to produce a-fourth wavef orm signal as a nusi cal t gh&i-63 GRAET HAS SEEN
5 © ‘According to a still another aspect of the present. nv entioh, A0 er e
i's prov1ded a nu5|cal t one S|gnal synthe-  sizer which conprrses Frrst

mavefornislgna

.and neans for nultiplying the second and tgte—waveform——:

A u|_._

prodUC|ng means - -

performance apparatus or the like and represents a value

proportional to a tone. pitch frequency of a musical tone

'signal to. be designated and generated by the performance

.'lf means or integer times the tone pitch frequency. 'The;

'frequency information FP may be represented by a different'

”V'value even it 1t 1s represented by the same value as the

';frequency 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 is read out as a. second waveform signal
Cowgn 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'

'r_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

';Tasrshown_in Fig. 2. . The frequency information FC is

' designated'by'the7tone-color designation means such as the -

-'tone color ‘selection device, the automatic performance

-apparatus or the like to represent a central frequency

position of a fixed_formant. The frequency information FC
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for producing a first waveform signal of a fregguency deflned by flrst

_frequency informati.on applied thereto;  second waveform sign
nmeans “f or produ0|ng a second'maveforn15|gnal |nd|cat|ve of

function
thereto; thlrd maveforn15|gnal produ0|ng means arranged to
;synchronously controlled by the second waveform produc- ing neans for

repeat edly. producing a third waveform signal ‘starting froma predeternined -
phase ‘at" each. cycle of the second waveform signal at a.shorter cycle than

that of the secqid ‘%% [QPed ghak; 1%@@% ¢8LuBUbhaR! ¥hart SuéRsP bz And

third maveform o produce a .fourth waveform
o . .mation FN, FP. Thus, the production cycle of the phase

1;-_data in- the phase data producing circuit 18a 1is extremely
:_ishorter than that . of the phase data by the phase data
‘producing circuits 1la, 12a. In the phase data producing
“'circuit'lSa;.the-value of frequency information FC is i'
- accumulated from an initial ~value (for instance, 0) in |
'-response to the key on signal KON and reset by the synchro--
'-:nous signal SY from the phase data producing c1rcuit lZa ‘to
7f'yrestart accumulatlon of the frequency information from the .
-initial value - The waveform memory 13b 1s provided to
h'memorize a number of sampling data indicative of a prede-
'termined-waveform (for instance, a sine wave) per one
7:cyc1e 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 predetermined 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
ffadders ‘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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.produci ng means for -nodul ati-on' of the first waveforn15|gnal »-ﬂﬁﬁ Hq}ggg
appl i cation of the present -invention, there is proyi A PUSHES
synthesizer- which conprises a flrst calculatloninn-f raeliding

practicaf -
tone signal
Tlrst ‘wavef orm: ‘signal. producing nmeans for producing a.first waveform
of a frequency defined by first frequency informa- tion applied.
_thereto -and"first modulation means for nodu:- lating the first waveform

:S|gnal by a f'rsapﬂfgédawifﬂ‘frequency modulation. The waveform memories

196 01/11 14:31 @052 583 1925 - - MASE PAT. +++ ELLA ido1e-
as a musical tone signal; . and nodul ation nmeans for applying the
fourth mavefornlslgnal ‘as-a nndulatlon'3|gnal ~to the first wavef-orm signal

FELN |

QJ

'12b and 13b are. connected to a multiplier 15 which multi-
-__plies the third waveform 51gnal "f" from the third waveform

'.signal producing portion 13 by the second waveform signal

y:f.“d" from the second waveform signal producing portion 12 to
"'output intermittently the third waveform signal in- accord—

.. ance with the ‘windowing function represented by the second h

~ waveform signal _'As shown by an arrow A in Fig. 3, the

._intermittent waveform s1gnal has a fixed formant character—

”'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

__'an interval of a frequency defined by the frequency infor—
;,mation FP . ' '

_ The multiplier 15 1s connected to a multiplier 16 which
is adapted to multiply the waveform signal from the multi-

IVplier 15 by an envelOpe waveform signal from an envelope

o waveform signal producing circuit 17. When applied with

_the key—on signal KON from the performance means and
if envelope informatlon 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 signalland '
applies_it,to the.multiplier 16; T -

_ Hereinafter. operation of the musical tone signal
_ 'synthesizer-willabe described in detail. When the key-on
B _.si'-_gnal KON, f_requency'infOrm_at"ion FN, FP, FC and envelope.

-13 This Sheet Has Been Reﬂlaced
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‘slgnal applled't ereto; a second calculatlon unlt i ncludi ng second waveform

si gnal. produci'ng means. for repeatedly - : .
6 “praduci-ng.‘a second waveform signal indicative of a w ndoy THISEHEET HAS BEEN

iy |
functlow at-a cycle corresponding with a frequency defined byilseconBEFLACED
frequency information applied thereto, third waveform signal prodacrig-
means to be synchronously controlled. by the second waveform si gnal
pr-oduci ng nmeans for repeatedly producing a third waveformsignal starting

-fronla predetern1ned phase at  each cycle of the second

information EGP" are produced by operation of the perform—
_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 informatlon FN, while the second
'7waveform 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
h,signal producing circuit 13 produces a third waveform
signal "f" as shown in Fig ‘2 at a frequency defined by the
'frequenoy information FC as a. carrier modulated by the
L _ - first waveform signal "b". The second and third waveform _
;' L l-i-; - signals "d" and "£" are multiplied by the mnltiplier 15 and
o B :applied as a fourth waveform signal to the multipller 16

During such operation of the musical tone signal syn-
‘"thesizer as described above, the envelope waveform produc-
.ing circuit 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
' thereby 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

14 ' ThlS Sheet Has Been Reﬂ
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wavef or m si-gnal-at a shorter .cycle than that of the second maveforntsignat

‘meahs for .mul tiplying the second and third waveform signal s tJ luuu R N
fourth waveform si-gnal, and second nodul ati on nmeans for .nodulla 4} 'ng“E
second and third meveforntslgnals by a. second. modul ati on sign aod? e ek

t hereto; selective connection neans for selectively:con- nectlng an output
of. the first calculatlon unit to a nodu- |ation Il nput of the second
_nDduIatlon nmeans in. ‘the second -cal culation unit and for selectively
connecting an output of ‘the second cal cul ation unit to a nodul'ation input

of Uhe f17 st MOCyhabhgn ERA"as Tadt1%d hfdthy1Re il i8Rodl bndesl et wave-

:output si gnal of iTst ~or second calcula- tion unit is output as a
nusi cal ‘tone. si ghatm signaldotdbendrthder sﬂmcﬂrgtowaﬁrné'ormeﬁsneh "Bid

to shom1hom1the ma C ied jinto,effect, ere 0

‘made, by ‘way of ggrﬁ? °$ ?ﬁ%&a%o%rﬁ/‘lrr?g}: W\ﬁ \?t/%gllagﬂ ntPﬁe\ng%é:h :
reference nunerawévéngpﬁesw@afai@ @ixfead};erﬂlﬁ ‘the folrhﬁoflal &a&ebb@ﬁkﬂgnal
dlagrantof a. first enbodi men

. which ‘has a high- 1evel at a specific frequency region
.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— _f
| "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
N o .comprised of a plurality of. fixed formants as shown.
« . inFig. 8. | |

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

_-_:_WavefOrm' S | Sine wave ~ Sine wave
.rFrequency | 2200 Hz 220 Hz
Amplitude level | -7d8 . - - 17 dB
ThlS Sheet Has Been Re
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a nuslca tone signal synthesizer in accordance with the present invention{ h
/A "Fig. 2 illustrates waveform signal s appearing at regpeétive

iportlons of the nusi cal tone signal synthesizer shown in Fi T
- OTHIB SHEET Kk,
'3is a spectnuntenvelope VIEM/ShOMAng the occur- rence con |t|onﬁé§tﬁtgg§|

_fornants in the nu5|cal tone

}

| | --Continued--
Second waveform signal '
.Waveform o : .'_' Square . Square
| h :  sine wave  sine wave
Frequency . | o . 220 Hz B 220 Hz -
" Band width - 50 Hz . 50 Hz
’ThirdZWavefOrm signal: o
'Waveform - _ " Sine wave ~Sine“wave
 Frequemcy _4009.H_z L ioos Hz.
_'r'Fourth waveform signal _
"”_Amplitude level - 0dB . 0 dB

Inﬁthe 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 s1gna1 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 modulating the fourth waveform signal. Since

each frequency position.of the fixed formants can be simply

16 is Sheet Has Been Reﬁaced
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_s[gnal synthesi zed by the nusical tone signal synthesizer of Fig. 1;
Figs. 4(A) and 4(B) each:are a spectrum envel ope vi ew . showigag—an:

experi-ment al

o020

wi'th -the . present invention; = Fig. 6is a spectrun1enve|ope Vi ew .showi n
‘the:occur- rence of  plural fornants in a nusical tone signal synthe- sized

by the nusica

t one.signal synt hesi zér of Fig. 5 -~ Figs. 7(A) and 7(B)

each are a SpeCt({e% d’%lf%%.cﬂ $Yequency 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.

o Although in the first embodiment of the musical tone

'.;signal synthesizer. all the first second and third wave—'

-{5-.form signals have been modulated in frequen07. either one

of the. waveform 51gna1s may be modulated in frequency to

._modulate the other waveform s1gna1s in frequency.. In such

'::; a modification. either one of the adders l4a and 14b may be

eliminated. .i

Illustrated in Fig. 5 is a second embodiment of

L. a musical tone signal synthesizer in accordance with the

tpresent invention which 1ncludes first, second and third

result -of synthesis of a nu5|cal tone si gnal TRERSSERT HARBSEN
‘nusi cal’ «t one -si.gnal synt hesi zer “of Fig. : Fig: 5is

bIocEﬁﬁUﬁwﬂﬁn
of “a .second embodi-ment of a nusical t one S|gnal synt-hesi zer*

g

?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.tembodiment In this second embodiment - the adders l4a and
_ “14b. of the first embodiment are replaced with an adder 18 :
-f'whlch 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

eet Has Been Reﬁaced
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shomnng an experimental result of synthesis of a nusical - tonei5|gnal by. '
eans of the nusical tone signal synthesizer of Fig. 5  Figs 8 LS a_,. .-
‘bl ock di agram of a practical enbodinent of a nusi cal tone s'g ? 2T SRS |
synt-hesjzer ‘adapted to-an-electronic nusical instrument;
bl ock .di-agram of a practlcal enbodi nent of each of the ca[cuTatiOn units
20A and -20B shown in Fig. 8; - Fig. 10 illustrates various waveform.

glgnals produced : by a standard waveforn1produ0|ng circuit shown in Fig.

Assuming that in operation of the second embodiment,'
.tn'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-
- cy. 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 at a frequency def1ned by the frequency informa- '
- l: o 1f f:tion FN, and the adder 18 acts to. modulate the first wave-i
| B " _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 Reﬂlaccd :
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Fig. 11 is a block dlagran1of a practical enbodi nent of

€052 583 1025 AMASE PAT.

‘a-cal culation unit

29 ELLA o2z

20C shown I.n Flg 8 Fi.g.- 12 illustrates signal" maVefornB at respective
portions shomm in Flg 8 for -expl anati on of operation.of -the '§ BT ~
unit 20C- > Fig:. 13 illustrates signal waveforns at respect 32h.§3"r§%"BtEN
shomn |n F|g 8 for explanatlon of operatlon of ‘the cal.cul atfLon_u %;

"which is hlgher at a speclfic frequency region

'srform of a waveform signal having a fixed formant character-
'"ffifistic shown by the character A in Fig. 6 and including
- a plurality of higher harmonlcs components ‘the level of

Thus. ‘the

'ion a frequency axis. and the first waveform signal modulat—
ed. by the fourth waveform signal becomes a 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

‘,envelopes of musical tone signals synthes1zed under condi— i

. tioms (1) and (@ 1isted in the following table 2.

f Table 2

Condition (1)  Condition (2)

':Qformants included in the fourth waveform signal are aligned'

'*First waveform ‘signal:
gwaveform.' '
,Frequency_ _
-Amnlitude'level o

h Second waveform signal'f

Waveform B

fFrequencv f
'Band w1dth _
-_fThird waveform signal
. Waveform o
. Frequency
'“_Fourth waveform signal_
‘Amplitude level

- Received Time

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

Sine wave

50 Hz

" Sine wave

- Print

Time

220 Hz - 440 Hz

- 17 @B, - 17 dB
Square Square
~sine wave sine wave._'
--110 Hz 110 Hz

rsoth

‘Sine wave Sine wave
4009 Hz - 4009 Hz

0 dB 0 dB

11, T, 13':42
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Fig. 14 is a block diagramof a practical enbodi ment of each of t he

cal cul ati-on units 20D and 20E shown i-n: Fig. 8; Fig. 15 ss=ar#HﬁeFFenaL4——¥
bl ock . di agram of a first - exam. ple showing a connected cond| HBSHEET KRS BEEN
calculation units 20A-20E; -  Fig. 16 is a functional bldtk di REPAMCED a
second exanple shomnng -a connected condi'tion of the cal cul atfom —uonits

20A- 20E;. Fig. 17-s a functlonal bl ock -di agram of a third exam ple
showi ng -a connected condition of the calculation units ~20A- 20E; Fig.

.18.i's a functional bl ock.diagramof -a fourth exanple showi ng a connected
Ond't'on Of th%.iﬁﬁﬂﬂﬁﬂﬂfyqz the band width of. the: second waveform'

- signal is the same as 1n the first embodiment

' From the above description. it Wlll 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
_.desirablelthatfeach 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 .

betneen 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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units 20A-20E;  © Fig. 19 is a functional block diagramof a fifth exam

ple shomﬁng a connected condi tion of ‘the calculation units

Fig. 20:is-a.functional block diagramof a -sixth exam pIe SEGMMS@HEETHASBEEN
i

connected condltlon of “the calculatlon unlts .20A-20E; and

9

REPLACFD o

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.

Practical application-.c 5

Illustrated in Fig 8 is a block diagram of an elec—

Ttronic musical instrument equipped w1th the musical tone

'signal synthesizer 1n accordance with the present inven—

ttion The electronic musical instrument includes five

'-.calculation units_ZOA 20E respectively-for calculation of

 a waveform signal. The calculation units 20A-20E each are

~provided with an input terminal to be applied-with_various

'cOntrol-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 unit 20C is

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

21
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,Flg 21 is a functional block diagramof a seventh exanple shomﬁng a
connect ed condition of the calculation units 20A-20E. o In Fig. 1 of -

the .drawings, there is illustrated a bl ock dlagran1of a fif QG
of a nusical *tone signal synthesizer in accordance wth the ;?ggeﬁ PLE@@%BEEN
invention which . includes first, second and third wavef or m si-gaal—peadueiag

portions-11,- 12 and 13. The flrst waveform signal produc- ing portlon 11
is. conprlsed of a phase data producing circuit ila and a wavef-orm nenory
'l b."" The :phase. data prodUC|ng CIrCUIt 11a includes an accunul ator as a-

naln N modulation signal 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 1nput 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
"i and to apply the control parameter CPAR to the output and
;iinput selection circuits 22 and 23. The controller 21 is
-connected -to an external 1nformation 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 1nstrument

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-
i;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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s conmponent and is designed to:-accunmulate frequency informa- tion data FN

-appl ied thereto at .each tiimng defined by: a clock signal (not_shown)

thereby to 'successively output ‘the accunul ated value as a p

indi catitve of 0-2[err]. Wien the accumul at ed val ue becomnes ﬁﬁQ %ﬁg @%@ﬁ?“
value (for exanple 2[err])' t he phase data producing cir

;restarts to -accunul at e frequency i nfornation data applied thereto froman
‘initial value (for exanple;, 0). Thus, the production cycle of the phase
5dﬁtat|s deflned by the applled frequency i nformation .data FN and becones

short "in ".accor n e u repr

frequency infor %get&fé%ﬁ\g at a lr glgigﬁo‘\%g{re%?ﬂegg %ﬁ%-ﬁ?eﬁgﬂbﬁelé@_
;The frequencyIlﬁﬁvnﬂﬂmnmmﬂﬁvz3 The 1nput selection circuit 23 is adapted

to select and/or mix the feedback waveform signals and .

lapply them to the input terminals M, Mi M2 of calculation
: k units ZOArZOC or the input terminals CI of calculation
-"-units 20D. 20E

o 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
"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-
o . ducing circuit 17 in the second embodiment shown in Fig. 5.
'T'The phase data. producing circuit 31 is connected to
'i:ia multiplier 36 to. be applied ‘with a multiplied value
o 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 Reﬂlaccd
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_corresponds mnth a tone color designated by a tone col or de5|gnat|on means
such as a tone color sel ection device, an automatic performance apparatus

or. the I|ke and repre- sents a val ue -proportional to atomerp f
or s - : 10 - -integer tiffes Fi%@EE!ﬁH§%@§ﬁ
frequency (in an audlble band) of a nusi cal tone to be & "~+ﬂ§

'perfornance means . .

. ‘The waveform memory 33a 1s. 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 .
Tcircuit 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
S
as Been Replaced

T

Received Time. -11.Jén;13:15 Print Time ;'11.Jan.13:41

24



'98 01/11 .14:37 052 583 1925 AIASE PAT. ++> ELLA . [do2s :

-such as a keyboard. apparatus, the automatic performance apparatus or the
| ike.-, The wavef orm menbry 11b is arranged to nenorize a her—or S arprrH
dat a. |nd|cat|ve of a predeterm ned maveforn1(for |nstancemqg"§§H§E B
one cyclwe. *The sanpllng data are successively addressedi_hy tFHef '

‘dat a. applled from t he phase data. producing. circuit 1lla so that the
‘wayveformsignal - i.ndi cative of the" pr.edet er nm ned waveformis read out as a
first waveform- S|gnal'"b" shown in Fi-g.. 2 fromthe waveform nenory 11b. at ..
a frequency defined by the frequency .informtion FN. .~ . Sinmilarly, the o

iseCO”d wavef or mv?it%{‘ain pa[m%ci‘i"dd& I%%Ie'l%e

-

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,

o j-"phase data producing circuits 44a. 44b adders 45a, 45b,
'_hstandard 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,

’sr;phase 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 1. 1In this calculation unit 2OC the windowing
'7?function waveform producing circuits 43a 43b each include -
a waveform memory addressed by phase data "cl", “c2"' "dl"
ndan shown 1n Fig. .12 as ‘in ‘the respective standard wave-'
form producing circuits 33 of the calculation units 20A
-leOB 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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12 is conprised of a phase data producing circuit 12a-and a waveform.

menory. 12b. The phasahdaha progUC|ng circuit 12a includes_-an accumilator
as. a min conponent ichis esigned to accunulate fre ﬁﬁqu

FP appli®ed thereto thereby to- succeSS|ver out put a phage uﬁ§§¥*4PEAd§§éth
indicative of the:accumul ated values 0-2[err] as shown i fl- '
_phase data producing circuit 12a, the val ue of frequency I nformation FP is -
‘acéunul-ated froman initial value (for: i nstance, -0) in response to a key-on
si-gnal KON appl i ed fromthe. performance means such as the keyboard

device, the aut %faegg e d UIFRRER AR ThakYS 186 rbhSe| bRethe skiptupereion.
synchronous S|gn per one cycle of the accu-

The . standard ‘waveform produC1ng circuits 46a, 46b each are

composed in the same construction as those in the calcula-.
tion units 2QA,,2OB to produce_waveform signals "b1", "b2"
' .shown_infEig. 12 in accordance with the phase data "al", .

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

In the calculation unit 200, each circuit for producing
the waveform signal having the fixed formant characteristic_'.
'-1s 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
- N *; ,_frequency 1nformation FP is shifted down by one bit by
;;.-." I 1means of a shifter 51 so that the palr of phase data |
. o _producing eireuits 41a, 41b.each act to produce a synchro-
nous s1gnal SY .and phase data "cl”, "e2" different_in
. a phase of = as shown in Fig. 12. Additionally;
_a pair of phase data producing circuits 52a, 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 information is accumulated up to a predeter—
- mined maximum value (corresponding with a maximum address
of the waveform memory in the respective windowing function.;r
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’ width

28 .
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"nulatlon Thefrequency information FP corresponds with a tone color
de5|gnated by the tone color deS|gnat|on means such as the tone col or

selection device,: t he automatic
perfornance apparatus or-the like and represents a val ue

| ' TOSES Qfggs #EE%I
tone pitch: frequency of a nusi cal tone --'signal to be. desi |

.generated by the perfornnnce J“

informatiOn from an initial value (for instance,"o"} in

response to the synchronous signals SY applied from the

;phase_data-producing.circuits 4la, 41b.

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"

;'when the latter phase data are more than the former phase

data and for producing a low 1eve1 signal "0" when the

i-latter phase data are. less than the former phase data

"'-jA pair of. selector circuits 54a 54b are provided to

__'d'select the phase data of the phase data producing circuits. |
"-,52a. 52b when applied with the high level signal "1" and to
':fselect the. phase data of the phase data producing circuits.

41a, 41b when_applied with the low_level 31gnal_"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

_phase data producing clrcuits 52a, 52b increases more than_'

that of the phase data'"cl" "c2" from the phase data

dproducing circuits 41a.:41b as- shown in Fig 12. As’

"fa 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
-..width information Bw is more than two times the cycle-'

.i.ﬂdefined by ‘the frequency information FP, .the inclination of

27 .
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neans or integer tinmes the tone pitch frequency. The frequency information
FP may be represented by -a different value even if it isr
sare val ue as the .frequency information FN. The waveform j nnsf%IEEH&ﬁBEEN
arranged to menorize a nunber of mavefornrsanplrng data indicatRgRLAPER -
wi ndowi ng function per one cycle. - The sanpling data. are.sneees§?veT7'
addressed. by the phase data applled fromthe phase data producing circuit
12a through an adder 14a so that a waveform signal .indicative of the
wi'ndowi ng.function |s ‘read out as a second waveformsignal "d" fromthe

___-._\ggvgr;] g\er? [T;”E[gt%fb 3lasd daecguegiy defbAer b A& OHARSIUBIGY prd@idmig on FP

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, 43b 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

- 73;']5i*'ﬁpair8-

~In the calculation un1t 20C composed in pairs. _
a waveform signal of a frequency defined by the frequency
f:information FC is intermittently output from each of the
o _multipliers 47a. 47b in response to a windowing function o
'waveform signal at a. cycle of two times the cycle defined
by the. frequency information FP. Both the output waveform
-f-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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frnrtarry T6 the flrst and-second waveform signal producing circuits 11

‘and 12; the third- mavefornlslgnal producing circuit 13 is conpr

lphase data produ0|ng circuit 13a and a uageforn1nenury 13E Tgeiggaofsagé
lprodUC|ng CIfCUIt 13 includes an accunul ator as a min co o%Ent gﬁlfﬁ% EN

“accunul.at és frequency information FC ap- plied thereto to 4 L*P—1r———'
ott put t he ‘accunul ated fre:- quency information as a phase data "e"

flndlcatlve of 0-2[err].- as shown in-Fig. 2. The fre . :
_ quency |nfornat|on FC
. deS|gnated by the tone .col or deS|gnat|on means such as the. tone col or

electlon ‘devi ce, the aut r
: :represent a-cent ral T PPe&Hng'}i‘/ wa e-E'oPm”E‘:{‘&?al PR R 90 18 et
[ - - from the output terminal 01 after applied with an amplitude

_ fenvelope in response to an envelope waveform signal pro-
ft;__duced by the envelope- waveform signal producing circuit 49.
;'"dThe output waveform signal of the adder 55 is also output

tfrom the’ output terminal 02 Without being applied with any
g : amplitude envelope The control parameter supplied from :
f_:the controller 21 1nc1udes the frequency information FC

.':FP time width information BW, ‘skirt portion comtrol infor-

_ mation SKT waveform selectlon information WS and envelope _

- information EGP Thus, the calculation unit 20C is -
.T-responsive to the key on signal KON to- produce a waveform _
“Zh_signal having-a fixed formant characteristic defined by the
’erequency information FC time- width information BW and
fskirt portion control information SKT and a plurality of _
'_higher harmonics components defined. by the frequency 1nfor— _
hmatlon 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 c1rcuit 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

S 29 This Sheet Has Been Reﬂlaced
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:p05|t|on 0% ?lxed ormant. The frequency information FC ' . '

2120 s represented as a larger value than the frequency: = r -l
FP.. Thus; the production cycle of the phase- data in the Jﬁa§% da?%gpé
fprodUC|ng cifcuit 13a is extrenely shorter than that of {{he: pﬁﬁg’

the phase data produ0|ng circuits lla 12a. 'In the phase data producing

ifilter 52 is. adapted to pass only a low frequency component
dincluded in the white noise therethrough for producing a '

.:hnoise 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 aIStandard waveform producing'circuit 56 through a
'selector circuit 56 or a carrier signal from the selector o
*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. :F
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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circuit 13a; -the val ue of frequency I nformation FCis accunulated froman -
initial value (for instance, 0) response to the key-on RON—aFE=—
reset' by the synchro- nous S|gnal SY f.rom the phase data pfjo @ﬁ%gf&ﬁﬂﬁhBEEN
12a’to testart accunul ation. of the frequency information firom tREPLAGER i al
val ue. .The meveforn1nenory 13b is provided to menorize a nunber of_ .
'sanpllng data indicative of a prede-  ternined waveform(for i nstance, a

si ne wave) per. ore cycle. The. sanpling data are successively addressed by -
‘the phase data applied fromthe phase data producing circuit 13a through
an. adder .14b so § ria VERE I T S o 1eMlotd e 1tloi £067! 8 aa&geaar%ned
wavef ormiis read out as a third waveformsignal "f" as shown in Fig. from
t he wavef orm 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- 58.. . 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

'f-*signal from the selector circuit 57.

The output of multiplier 55 is multiplied at a mult1~
;fiplier by an envelope waveform signal produced by the en-
-'f; ;a L "_i velope ‘waveform producing c1rcuit 62 and is output from the
| | output terminal,Ol.- The outputlsignal_of multiplier 55 is- .
.*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,

.,,carrier -wave selection information CSEL, frequency 1nforma--
etion 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

-'i'frequency information NF and waveform selection signal WS”
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-nenory 13b at a frequency defined by the frequency informa- tion FC. -~ 4 o

;The ?dders 14a,. 14b are adapted to add the waveform data fromthe.
wavef orm menmory 11b to each phase: data from - the phase datapr ' S E
“circuits 12a- and 13a. .Since these adders 14a, 14b each act gg&g%ggﬁﬂ%ﬁ%%&EN
nmeans, the first ‘waveform signal. fromthe first maveform gis
portion 11 s applled as a nodul ation signal, while the- second and third

wavef-or msi gnhal-s from-the second and third- "maveforn1si nal roduc
portlons 12 and 13 each are = gnal pr¢ i ng

. or a frequency position of the carrier signal applied at

t_iits carrier ‘wave input terminal CcI 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
:Jfrom the parameter memory 26 to supply the control parame-
siter ‘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_t'
'control parameter CPAR, the. output and input selection
e -r_‘ ~ 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.

_ _Whenhapplied with a keyFon 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
EE——
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,13 applied with frequency nmodul ation, The waveform nenories 12b and 13b '
are connected to a nultiplier. 15 which nultl- plies the thi o
signal "f" fromthe third waveform signal producing portiofj THYSIS/IEERdHAS BEEN
second wavef orm si-gnal ~ "d" fromthe second -waveform si gnal {{pr oduBEREACED
portion 12 to output intermttently the third. waveform signalr Th accordad-
ance wi th the:w ndowi ng function.represented hy the second :

' lconnected condition shown in Fig 15, waveform signals .
'produced by the calculation units '20A and 20B are mixed at
lafthe 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“siénals .each. having afformant characteristic from the
”:fcalculation'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
;:-:~' :'_d':,;~.signals may be independently output as shown by broken
R . lines in Fig. 15. ' '

When the-Controller'21 is.applied with'a'selection
.'_signal indicative of another tone ‘color, the. calculation
tfunits_ZOA 20E_are connected as . shown in.Fig. 16. 1In such
; a'connected.condition as shown'in Fig 18, an adder 73 is
.ﬁcontalned in the output selection circuit 22 to mix output

'.”fwaveform s1gnals from the calculatlon units 20A ZOC 20D
hand 20E. In this instance._a waveform 51gnal of a fixed f'
.tformant characteristic produced by the calculation unit 20C
.-is modulated 1n frequency by a waveform signal from the _

calculation unit 20B to_output a waveform signal having a
'fixedrformant.characteristic_comprised of a plurality of:

'formants'through the adder 73 as in the first embodiment._

33
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—wWaveror rmsignal. As shown by an arrow Ain Fig.. 3, the intermttent '

+¥avefo[nls|?nal hgs a fixed formant ‘character- istic whereifp=the—ecentor—gf
~formant- is located at a posi- tion of a frequency defined [pyHIShSHEERHK

i nformation FC and wherein a plurality of higher har moni c gre ﬁﬁ@kﬂgeamgFN
~an i nterval - of a frequency defined by the frequency infor- —TatToOmT—FP

_ The nultlpller 15is connected to a nmultiplier. 16 which is adapted to -
mul tiply-the waveform signal fromthe nulti- plier 15 by an envel ope- '
wavef orm-signal - fron1an envelope meveforn15|gnal producing circuit 17. Wen

applled mnth . 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
'such a connected condition as shown in Fig. 17 or 18, an
i adder 74 or- 5 is contained 1n 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
-_.Ja fixed formant characteristic. from the calculation unit
"200 S0 that a waveform 51gnal having a fixed formant char-
__'sacteristic comprised-of a.plurality of formants is output
' _,through thefadder'74'or 75.l | L

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 eignal applied from

the'calculation.unit~20A. and a waveform_eignal-produced by
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‘t'he "key-on ‘signal
EGP fronlthe tone
produ0|ng circuit-

Janplitude envelope_mevefornlof a nusi cal

multiplier '16. |
synt hesizer: will

be descrlbed in detal
frequency |nfornat|on FN, FP FE and envelope
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KON fromthe’ perfornance means and envel ope |nfornat|on

col or ‘desi gnati on neans, the envel ope wayv
17 produces an’ enveIope wavef or m si gnal
-tone signal and a
operation of the nusical.
When t he key- on

ﬁ'dil&&hEE’é HG.S %EN
3| i 'es REPLAGEDhe

[OoTTE ST gral

~Her ei naft. er

S|gnal KON,

:?the calculation unit ZOB 1s modulated in frequency by the

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

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

.. 20,

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

.a fixed formant characteristic comprised of more complicat-_

'3i ed.

by

formants than those in the first and second embodiments

ln the.case that the calculation-units 20A-20C are

”connected as shown in Fig. 21, a waveform signal produced

the calculation unit ZOC 1s modulated in frequency by

'waveform signals produced by the calculation unit ZOA and
'203.

In this instance, the calculation unit 20C is applied_

_'fwith different waveform s1gnals at its modulation wave
- input terminals M1 and MZ.

Thus. a musical tone signal

fhaving a fixed formant characteristic comprised of compli—

cated formants can be synthesized.

| Consequently. in the electronic mu51cal instrument

'sia waveform signal having 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.

'h120A—20D can be . selectively connected in various conditions

: Iby

h”finput selection circuit 23.

means of function of the output selection c1rcu1t 22 and

This is useful to synthesize

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

'A_a waveform signal having a fixed formant characteristic

o comprised of complicated formants in a simple manner.
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14 - informati on EGP are produced by operation of the perform ance neans
and tone col or designation. neans, the first mavefornlsignal_QdeUClng

portion 11 outputs a first wave- formsignal "b" as shown in %ﬁ{

frequency repre- - sented by the frequency informtion FN, mh|! ‘hg{éig é BEEN
maveforn15|gnal producing circuit 12 produces a second wavef Vit '"i‘g;
as.shown in" Fig. 2 at a frequency defined by the f requency i nformati on FP

as a ccarrier repre- sentlng a wnndomnng functlon nDduIated by . the first
wave- S

q

_ Although in the foregoing embodiments and application
_the calculation unit 20C has been adapted to produce
-5a,waveform.signal of a fixed formant characteristic.
. a plurality of'the_calculation,units may be provided to
_ i -Hmodulate in'frequency a,aneform signal of a fixed_formant._
‘t.';t-_-'-;.- characteristic by a waveform signal of & fixed_formant..
o o 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 calculation of which is
- 'i_; S r'executed by a microcomputer. Alternatively. the calcula-_
| t | 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

- 38 ' This Sheet Has Been Reﬂlaced
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Tornrsrgn al "b". 'In this instance, the third waveform srgnal produci ng

circuit 13 produces a'third waveform signal "f" ‘as 'shown in Fig. 2 at a
frequency defined by the frequency information FC as a carr
by the «first waveform signal "b". The second:and third wavef FiiR Sg F@ﬁdRQBEEN
"d" and “f" are multiplied: by the nultiplier 15 and appliéd’as_a_ﬁﬁUF ﬁcﬁ

wavef orm signal to the. mul tiplier 16. ..~ buring such operation o
nusi cal -t one S|gnal syn- ~thesizer-as described above, the envel ope
wavef orm produc-" "~ ing circuit. 17 produces an envel ope" mevefornrslgnal
desi-g-- nated byi} £envel ope information EGP in response to the key-on

srgnaLgKCN.fThu 3 .'.'Itrplrer 16 nultrplres the

"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,' _ '
. third waveform signal producing means arranged to. be
synchronously controlled by said second waveform producing
.means for repeatedly producing a third waveform signal
_ tV “.starting from a predetermined phase at each cycle of the
-"f-;';f H?" ‘second. waveform signal at a shorter cycle than that of the
: - B ",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 _ .
' - - means for multiplying ‘the second and third waveform
signals to produce a - fourth waveform signal as a musical

;ftone=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 producing means for produc1ng

[T — T
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envel ope waveform signal by the fourth waveformsignal from the multiplier

15 to apply an anplitude envelope defined by . the envel ope nal ,
to the fourth wavef orm si gnal “thereby to produce the fourth g @EﬁL'ﬁASBtEN
signal as'a rusical - tone signal. 1n the nusical tone signal Synthﬁﬁtéﬁkp .

the = fourth waveformsignal becones identical mnth a mavefor SN

ngdulated by the first mavefornlslgnal "b" S|nce the
[ o :
_ 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 ' '
- i " means for multiplying ‘the second and third waveform
o o .' '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

-jhu_means for repeatedly producing a third waveform signal

T L D T "
tassnaliic) T
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adders 14a, 14b act to nodul ate the second and third wave- form signals

“d" and "f" by the first waveformsignal "b". Before npdulated by the L
first waveformsignal, the fourth waveformsignal is al readyl +f,d HeFHOLM seen
of a waveform signal which has a high I'evel at a specific fréquencgepeghoR
defined by ‘the frequency information FC of the third wave- flemm-sianal—and-
i.ncludes a- plurality of higher harnonics coirponents. Thus, a plurality of

si de band waves occur at .frequency positions. shifted by the frequency'of
the first wavef orm si gnal. fromthe respective hi gher ‘har noni cs conpo-
nents:of the fogﬁﬁﬁ@@ o 3 geahetéﬁminé&sm.etr@ ed QU éFe YOVSE OfR
S|gnal nndulate rst-waveform a

_ second 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,modulatlon of the third waveform
‘signal; and | '
' means for multiplying the second and third waveform
.51gnals to produce a fourth waveform signal as a musical

.tone s1gnal

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. | o o o
. third .waveform s1gnal produclng 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 _

39
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signal is- applied with a fixed fornmant characteristic conprlsed of a .

plurality of fixed formants as shown.in Fig. 3. II'lustrated in Flgs
4(A) - and 4(B) are spectrum envel opes of nusical tone signals s

under condi - tions (1) and (2) |ISted in-the fO||OMAng tabl e [L.THIS SHE -
Table 1 S * condition (1) " ~Condi tifpn (2haa5?g 5 DEEN
_mavefornlslgnal Wavef orm o ' Si ne- wave Sa—

Frequency . . - . 2200 F&h e 220 Hz Anplltude | evel
-7 dB - - 17 dB S o
” ' means for~mu1tip1ying 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 modulatlon signal to said first waveform - signal
_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 frequenoy defined hy firstjfreduency informa-_"
- tion applied'thereto and first modulation means.for |
_modulating the first waveform signal hy a first modulation
_f : _ L 'signal applied thereto. _
5 o 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
1-frequency information applied thereto, third waveform pro
ducing. means to be synchronously controlled by said second
'waveform signal produelng 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;.

40
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16 . T e : --Cbntlnuedr- - Second maveforn15|gnal

waveform. - - . -~ - Square - Squar e .

si ne wave . Sine wave Frequency o 220 T N

220 Hz Band vidth . B0 M ... 50 rT.”r"aﬁ‘;ffﬁH%S BEEN
V\ﬁVEf orm si gnal : - S ) . . o . . o - At Lf-th:D - .

. 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 -
";;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

(W - ..
* C L M 0§ x 41 , ﬁ
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\Vavef or
4009 FE
0.dB

mavefdkﬂi S|ghal represents -a frequency .wi dth of 3 dB belo
a formant. of the waveform.signal fornmed by multi-: pllcatlo

"96 01/11

15:11  B052 583 1925 . MASE PAT. . =»» ELLA - - @os1

Si ne ‘wave . - Sine wave. Frequency
'.1008 Hz Fourth waveform signal: Anplit
0 dB 1'n the table 1, the band w dtt

atns BasseachEEN
a paﬁERhﬂQﬁEin

j vvavef or m Si gnaIM[%Eth' %@%&m s‘fﬁﬁ%&?iéﬁ SI gnal (t he vm ndow ng funct | on)

£QE§!EL&§!L_

A musical tone signal synthesizer wherein a first

: waveform signal of a frequency defined by first frequency
'finformation is produced as a modulat1on signal a second
_waveform signal indicative of a. windowing function is
:.fproduced at a cycle defined by second frequency information
' .aand a third waveform 51gna1 starting from a predetermined
:ephase at each cycle ofT the second waveform signal is re-
_.peatedly produced at a shorter cycle than that of the .
‘second waveform signal and Wherein the second and third
f“waveform s1gnals are modulated by the first. waveform signal
 and multiplied to. produce a fourth waveform 31gna1 as a
,musical tone signal having a fixed formant characteristic

@comprised of a plurality of formants

F:Lgure 1
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-Fromthe -above descri ption, it will be understood that a nusical tone -
'signal. of -a fixed formant characterl stic..conprised of a pl urallty of fixed
formants can be sSynthe- sized i'n a sinple construction. onl yfFas
second- and” third waveform signal producing portions 12 and. 3”"‘@%&” HAS BEEN -
mul'tiplier 15 for forning the fourth waveform signal, the first \RRUAGER
si.gnal. - pr oduci hg, portlon 11 and the .addefs 14a, 14b for nodtrlating the
fourth waveform signal. Si nce each frequency posi tion-of", t he flxed forrrants

__'_can be S|rrply R T 1/14 S Y

Flg 1

o /7_35, R (13b '
"Rl A mamRD wave
C ._KI?N S 73:;1%«1;:. PRoanglIlNG
SIS B B ION
... |pHmasEDaTA | |, T4 -
" FP-—»{probucING |—-ColD) WAVEF°RM- 'd-
T e [T 9 ~>! MEMORY .
= IJON N S.'ECONDlWAlVEFORM R
o oo TR |\ sTeNaL, pRODUCTNG” /17'-
.. -4 T FORIION .. | ENvELOPE
L) Al KON—{TRVERORM
" [ommsg oama 1T ne . - |cIRcurT
. FN~{proDUCTNG -‘?-E!‘g:gmﬂ o RN
. o|eReorr ({0 . FGP.

_ 77FIRST WAVEFORM SIGNAL '
._--—PRODUCING PORTION )
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deflned by-each frequency of ‘the first, second and third waveformsignal's:

-(each frequency defined by the frequency ~information FN, FR-apt-ECk——a=
musj cal tone signal - of © a desired formant characterl stic conpriszd:- BEf alAuB:EN

pl urality of “fi xed formants.‘can be synthesized in a sinpl € nnerBER AC*"‘J

Al though in the first enbodi ment. of .the nusical tone signal 'Syrthesrzer,
all the first, second and third wave- foriléignal s have been nmodul ated in

'frequency, elther one of the waveform signals may be nodulated in '
'frequency to- rmdul ate the ot her wavergsr g?l s in frequency In such '

A R eeguaver
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_a nodi fication, either one of the adders 14a and 14b may be el i mnated. o
~Illustrated in Fig. 5 is a second enbodi ment of a nusical tTne.srgnal o)

'gsynthe5|zer ‘i'n accordance with the present invention whi ch {i ppl:pgies: T HASBEEN
.“seeond -and- thrrd wavef or m si gnal -produci ng portions 11, 12 |and 13EFLACED

_ nultlpll-} ers 15 and. 16 and an envel ope mavefornrproducrng FEEFE— L7
" pr.ovi ded substantlally i'n the same: manner ‘as in the first enbodiment. In
thi.s.second enbodi ment, 't he ‘adders 14a and | 14b.-of the first -enmbodiment. are
1 replaced mnth an adder 18 mhlch I S. adap%@% to add a fourth mavefornrslgnal

Flg 4A

:;]n the

04K 82K 16K 20K He

. Flg 4 _,'.,Bf" |

a8

.. i 0 o 4K _ ‘9K - 72K ' 76K 20K HZ Thislslliimi{iilreenli{eilace
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formof an output signal ~of the rrultlpller 15 to a phase data applied f rom
t he phase data producing circuit 1la. . The adder 18 acts as a._mdulation
-means ‘for appl ying fre- - quency nodul atlon to the first vvavéf e;rgsg_g@al IAS BEEN
18 - *Assuffing that in:operation of t he second embodi ment ,!lf the gen: joen
per formance neans and tone: col or de5|gnat4ﬁg neans such as ey E
'deV|ce and the tone col or seIectlon deV|ce .

. ,,FIRST WAVEFORM SIGNAL
o /77,_p1_zoDUCING'PORTION-_
o _;,Z.Za"_ o 116
. opy [PHASE DATA |5 _ A8 [
"'.,'__FN_—1>pRonuciNG | S, ..'78' - ;};‘ﬁg““
: |cTRCUTT |

1 3 THIRD WAVEFORM = .
SIGNAL PRODUCING
' PRO’I‘ION '

| . /735 S ,73b
. [PHAsE vaTh

. . TR | o | WAVEFORM
FC-»| PRODUCING . - |[=»f mrMoRY

. CIRCUIT '

| RAVEFORY
. —>&) KON->| propiicine
| B Y YO P2

T o  EGP

K |
s 2e [72b
| PHASE DATA | waverors | N

* FP>} PRODUCING. |5 mmmoRy
- |CIRcuT | |

KON ‘ N
c o RUV 72szconn WAVEFORM SIGNAL
PRODUCING PORTION

Fig. 6

. This.Sheet Has. Been R,

Hllll!l I

.'-.'_-.R.e.c'_'e'iveld Time . 11, J-'an..'_l_'5:.28' - _','.._Pri'nt Time 11;_Jan.. '1._5:36 |



' '96.01/11 16:38 052 583 1925 MASE PAT. +3+ ELLA @oos
have been operated .to produce a key-on signal KON, frequen- cy information
FN, . FP, FC and envel ope information EGP, the -second-and third waveform

S|gnal producrng portions 12 and .13 produce second and thir ‘uaéeEQr % BEeN
’ ne S

.silgnal s **d" and."f" as shown in Fig.- 2 at .each frequency def
-frequency information FP,. FC. The second and third wavef or m

and "f" ‘are. mul.tiplied by the rrultl plier 548 and applied as a fourth
'-vvaveform Si gnal ‘1o the adder-18. On the other .hand, the fi rst wavef or m
si-gnal” producr ng portlon 11 produces .a first vvavef ormsignal "b" as 'shown
in.Fig. 2 as a carrler at’ a frequency defr ned by the frequency |nforrra-

Flg 7A

P — =
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Thxs Sheet Has Been Reﬂ

HIIIIII IIIIII lI

" "R-é_c'ei-i_red-_.’f'_im,_e._ L Ja.n_.'15_:28... L Print Tine ) 11 Jan, 15:36




'96.01/11 16:39 ~ G052 583'1825 . . AASE PAT. +>> ELLA - 'Jo'of?
tion FN - and_the adder 18 acts to nodulate the first wave-. fornrsrgnal "b" o

7by the. fourth mavefornfsrgnal appfred ‘thereto fromthe multi plFer15 ==
Thus, the nultrplrer 16. -acts to nultiply the nodul ated first yWaVBEHEET HAS BEE]

si'gnat By ‘an~envel ope wavefor m signal - applied fromthe envel opf waveREFEACED .
gener ati ng circuit 17 thereby to produce a nusical tone srgnal mntn amEEEE -ff
anplitude: envelope defined by. t He envelo veforn\srgnal -l.n such a- -
musi.cal - tone:signal -as described above, a p urality of si de band maves : S
occur at - opposrte sides of “a frequency of the first" mavefornfsrgnal W th

an i'nterval defined by the. frequency of the fourth mavefornfsrgnal "
‘Provi ded that, the frequency conpon .| S i nvert ed in. phase The fourth

mavefornfsrgnal s |nherently LNt g . S
) |y FMOPT 02—
- KoV .PAR' N |
s _ 208 ,
SN S S
H KON PAR o= 8
& e 8 [
- ..M FROP @ | g [T=0ur
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- Cﬁhﬁ L kon pafYT 1 o AR
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- fDBVICE - | [SELECIION | (upyopy ey
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19 - formof a waveform signal having afixed formant char GLef-— St
.-_shown by ‘the character ‘Ain Fig. 6 and i-ncluding a pluralitw agfudhegher HAS BEEN .

haf noni'cs conponents the |evel of whicch is higher at a spec fic f.mqﬂ@n“ |

region.«Thus, .the . formants: included jn.the fourth waveforms
~.aligned ;on;a_frequency axi's, and the fljgh maveforn15|gnal nDduIat-

Flg 9
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ed by the fourth wavef orm signal becones a waveform signal hawing a fixed

“formant characteristic conprised of the. plural formants as qmm;bngng«ShEEN
6 lllustrated in Figs. 7(A) and 4(B) are spectrum env opes;@§ '

..r" \‘ ».

‘musi cal “t 8ne* si gnal s 'synt hesi.zed under cond| ~tions (1) and (&
- the fol 'owi ng table 2.0 - "~ Table 2-

Condi tion (1) Condltlon (2) Fi rst waﬁbﬂérn15|gnal vavefofn1_
_Slne wave: . Si ne wave Frequency o S 220 Hz
440 Hz . Anplltude level = .- 17 dB . , -. 17 dB Second
'maveforn15|gnal B o A - I o
: 1 o N
e |-
Em@g' 2
Q 1 - gg
T - - <
o ZomEE
o & |88 >
S il - “
. S
o '++"éE
| B.) ¥ 51 r
.o . . [ T
N E' '
._..#f_, g -
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B2 - W I A
) B S s |
g Sgo [L9—Jge
L E.:% &~ - EH & T > 88
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SaPEE |ag8| LS |g5E
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V\avef orm ' Squar e
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70" In the table 2, the band wi dth of the Second waveform signal s The
same as in the first enbodi ment . ' Fron1the above descri ottt

be" understood that”- in the second enbodi nent, a nusical tcne sr@naéHaEﬂMAQaaEN-
~fixed-férmant characteristic conprlsed of .a: plurallty of’ fo_nantspeanﬂbEJ '

synt hesized in a sinpl e manner only by neans of the second =
-maveforn13|gnal prodUCIng portlons 12 and 13, the nultiplier 15 for.f

formng the -  _ L _ S 10/14

Fig. 13
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fourth waveformsignal, the first waveform signal producing portlon 11 for
'produm ng. the nusi cal ‘tone signal npdulated by the fourth ==
and-t He adder 18 for modul a- tion . of the nusical tone sign THP BHEEEAEH BEEN.
fredquency *"pbsition of the plural formants is si rrply defi ned| by edd#fLACED
frequency ‘of .the first, second:and‘third waveform si gnal s (“ﬁéﬁ“f“r‘ém
defined by the frequency information FN, FP, FC), a nusical tone signal -
having a. desired formant characteri stic ]ddiirf)rl sed of’ a pI uraI [ ty of. flxed
B or_rrants can be synt hesnzed i'n a sinpl e rranner _
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second or third. waveform5| gnal’) ‘or the first waveform signal. may be S
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signal and a key-on signal KON froma controller 21 and out ffiuL_T€ nar

01, 02 for applying a cal culated waveformsignal to an-outp tﬁgﬁﬁéé%%%ﬁfSHEET.
circui# 22. In addition, the calculation units 20A, 20B eac Le_pr‘osi QHN 1996
wth-an input termnal Mto be applied with a nodul ation si ﬁﬁ?“rrﬁhT”éﬁ""“

i npyt selection circuit 23, the calculatdon unit 20Cis provided wth
input termnals M,, M2 to be applied with the

Description

MUSICAL TONE SIGNAL SYNTHESIZER

The present invention relates to a musical tone signal
synthesizer of the modulation type, and more particularly
to a musipal tone signal synthesizer wherein a sideband
wave caused by modulation is utilized to synthesize

a musical tone signal of a fixed formant characteristic.

Disclosed in Japanese Patent Laid-open Publication No.
2(1990)-254497 is a musical tone signal synthésizér wherein
a windowing function waveform signal is repeatedly produced
at a cycle corresponding with a frequency of a musical tone
signal to be generated or a frequency of integer times the
'frequency of the musical tone signal so that a waveform
signal starting from a predetermined phase at each cycle of
the windbwing function waveform signal‘is repeatgdly pro-
duced at a shorter cycle than that of the windowing func-
tion waveform signal, and wherein the produced waveform
signals are multiplied to synthesize a musical tbne signal
of a fixed formant characteristic. Disclosed also in |

) Japanese Patent Publication No. 64(1989)—4199 is a musical
tone signal synthesizer of the frequency modulation type

_ whgrein a_wavefopm-signal is produced as a carrier at
a fréqueﬁcy éf a:musical tdne signal to be generated or
a ffequency of integer times the frequency of the musical

tone signal, and wherein another waveform signal is



hDduIation signal fromthe input selection circuit 23, and t eﬂggigé%g_
units 20D, 20E each are provided with an input termnal Cl f
carries signal from the input selection circuit 23. The &gntﬂoﬂldﬂnggs

21 is-'designed for.control of the calcu- lation units 20A-2

output and input selection circuits 22 4nd 23. In operation, t he
controller 21 applies a key-on signal KON to the calculation units 20A-
20E in response to key performance on the keyboard device 24 and reads out
: rs PAR and CPAR from
the contrcﬂréﬁg t;%s; mgﬁéﬁatlon wave at a frequency related to

integer times the frequency of the carrier so 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 musical tone signal with
a plurality of formants, it is required to provide a plu-
rality of musical tone signal 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 latter musical tone
signal synthesizer, a distributed condition of the sideband .
waves obtained by the frequency modulation may not be
estimated in a simple manner. It is, therefore, difficult

to synthesize a musical tone signallbf a desired formant

characteristic.

'Accordingly, a primary object of the present invention
is to provide a musical tone signal synthesizer capable of
synthesizing a musical tone sighal of a desired formant

charécteristic in a simple manner.

in the present invention, the primary object is accom-
plished by providing a musical tone signal synthesizer
which comprises first waveform signal producing means for
producing a first-.-waveform signal of a frequeqcy defined by

first frequency information applied thereto; second wave-



t he paraneter nenory 26 in_actordahce with a tone pitch de§rgnated. by the
key performance and a tone col or selected by operation of tjh E?%ﬂﬁﬁ%%mBﬁHEET

sel ect+on device 25 to apply the control paranmeter PAR to tjhe CQJ’L& ajy 1996
units 20A-20E and to apply the control paraneter CPAR to t eoﬁﬁrput"angﬁ' --------

i nput selection circuits 22 and 23. The cgntroller 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 anot her

g'cgﬁts[ IOQ' CrdhR Ls'rrie%x?ﬁ B PSES TS (me A S OB S fu LB O "BDESH FRRA L §iFy and an
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 producing
means for repeatedly producing a third waveform signai
starting from a predetermined phase at each cycle of the .
sécond waveform signal at a shorfer cycle than that of the
second waveform signal; modulation means for applying the
first wavéform signal as a modulation signal to the second
waveform signal producing means for modulation of the
second waveform signal; and means for multiplying the

second and thifd waveform signalé to produce a fourth

waveform signal as a musical tone signal.

According to an aspect of the present invention, there
is provided a musiéal tone signal synthesizer which
comprises first waveform signal producing means 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 indicative of a wihdowing function at a cycle
defined by second frequency information applied thereto;
third waveform signal producing means arranged to be
synchronously controlled by the second waveforﬁ producing
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; modulation means for applying the



The output selection circuit 22 is adapted to select and/o el orm
signals applied fromthe output term.- nals 01, 02 of each cﬁERHﬁgEMENTSHEET

calculation units 20A-20E in accordance with the control

: net gﬂﬁﬁ
fromthe con- troller 21 thereby to output the sel ected a*_ qé@ ---- Kﬁﬁ,

wavef orm signals as a nusical tone signal4or feed back the
sel ected and/or m xed waveformsignals to the input selec-

23

first waveform signal as a modulation signal to the third

~waveform signal producing means fof 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.

According  to another aspect of the present invention,

~there is provided a musical tone signal synthesizer which

comprises first waveform signal producing means 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 indicative of a windowing function at a cycle
defined by second frequency information appliéd thereto;
third waveform signal producing means arranged to be
synchronously controlled by the second wavefo;m producing
means for repeatédly producing a third waveform signal
starting from a predetermined phase at each cycle of the
second waveform signal at a shorter qycle than that of the
second waveform signal; firét 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

waveform signal as a musical tone signal.



tion circuit 23. The input selection circuit 23 is adapted |tRePEAGEHENT SHEET
and/or m x the feedback waveform signals and apply themtolthe in

u
termnals M M, M of calculation units 20A-20C or the inpupbafes!. i, é adklNgB%
of calculation wunits 20D, 20E. As shown in Fig. 9, edeh—ef=t

caleul ation units 20A- 20B includes a pisase data producing circuit 31 an
adder 32, a waveformnenory 33a, a nultiplier 34 and an envel ope waveform
producing circuit 35 which correspond respectively wth the phase data

produci ng circgidoddtng26del 48i11e¥E5ther aspect of the present

invention, there is provided a musical tone signal synthe-
sizer which comprises first waveform éignal producing means
for producing 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; third waveform signal producing means arranged to
be synchronously controlled by the second waveform produc-
ing means for rgpeatedly 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 waveférm signal; means for multiplying 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 modulation signal
to the first waveform siénal producing means for modulation

of the first waveform signal.

In a practical applicatién of the present invention,
there is provided a musical tone signal synthesizer which
comprises a first calculation unit including first waveform
signal producing means for producing a first waveform
signal of a frequency defined by first freqﬁency informa-
tion applied thereto and-first modulation means for modu-
lating the first waveform signai by a first modulation
signal app}ied thereto; a second calculation unit including

second waveform 51gna1 producing means for repeatedly



formmenory Ilb, nmultiplier 16 and envel ope wavef orm pro- q L0, QLrcurt =i
17 in the second enbodi ment shown in Fig. 5. The phase dat P%r% ut#ﬁSN‘SHEET

circuit 31 is connected to a nultiplier 36 to be applied with a ml 8i giifi€d9e i
value MJIT FN of the frequency information FN and frequenc Bﬁﬁégq'%renr"m"";

MULE for repeatedly. produci ng a phase daéa at a cycle reversely
proportional to the nmultiplied value MILT FN. The adder 32 is adapted to
add a nodul ation signal applied fromthe exterior through the nodul ation

' inal Mto the phase data framihe phase d oduci
Gl cui S PIRHGIOCE i SRS R A dha - R A e 1 i o1 a4

through a jfg thildton &t & IR AT @pbnding with a frequency
defined by second frequency information applied thereto,
third waveform signal producing means to be synchronously
controlled by the second waveform signal producing 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 eecond
waveform signal, means for multiplying the second and third
aneform signals to produce a fourth waveform signal, and
second modulation means for modulating the second and third
waveform signals by a second modulation signdl applied
thereto; selective connection means for selectively con-
necting 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 calcuiation 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 drawings,
wherein the same reference numerals denote the same ele-
ments: ' | .

Fié. 1 is a block diagram of a first embodiment of

a musical tone signal synthesizer in accordance with the

present invention;



Wth such arrangenent of the adder 32, a feedback frequency
be effected, and the feedback anobunt of the waveform signal
. by a feedback gain FBG ap- plied to the nmultiplier 37. g 49 VUR A

24 The waveform nmenory 33a is included in a standard § £ ‘

produci.ng-circuit 33 to be addressed by the phase data fromthe phasé dat a
producing circuit 31. The stand-

Fig. 2 illustrates waveform signals appearing at
respective portions of the musical tone signal synthesizer
showh in Fig. 1;

Fig. 3 is a spectrum envelope view showing the occur-
rence condition of plural formants in the musical tone
signal synthesiZed by the musical tone signal synthesizer
of Fig. 1;

- Figs. 4(A) and 4(B) each are a spectrum envelope view
showing an experimental result of synthesis of a musical
tone signal by means of the musical tone signal synthesizer
of Fig. 1; | |

Fig. 5 is a block diagram of a second embodiment of
a mﬁsical tone signal synthesizer in accordance with the
present invenpion; ' .

Fig. 6 is a spectrum envelope view showing the occur-
rence of plural formants in a musical tone signal synthe-
sized by the musical tone signal synthesizer of Fig. 5;

Figs. 7(A) and 7(B) each are a spectrum envelope view
showing an;experimental résult of synthesis of é musical
tone signal by means of the musical tone signal synthesizer
of Eig. 5; _

Fig. 8 is a block diagram of a practical embodiment of
a musical tone signal synthesizer adapted to an electronic
musical instrumeht}

Fig. 9 is a block.diagram of a practical embodimen£ of
each 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;



ard waveform producing circuit 33 further includes various
calculation circuits and a selection circuit other than t
menory~33a to sel ectively produce various kinds of wavefor
~accordance with waveform sel ection informati on W5 appli ed thee@to. ds.NSNoMR0
in Rig. 10. The nultiplier 34 is adaptell to apply an anpli

to an out put waveform signal of the standard waveform producing circuit 33
in response to an envel ope waveform signal produced by the envel ope

envel ope. 1o ohtBur LEnt SuaroERsioREARPURL Ok hapPARk kL " hEBaTRRE UEC,

outpu wave
si gnal of atbglstaadacd wayef Q0 phowWHCiAJFig. 8;
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Fig. 12 illuétrates signal waveforms at respective
portions shown in Fig. 8 for explanation of operation of
the calculation unit 20C;

Fig. 13 illustrates signal waveforms at respective
portions shown in Fig. 8 for explanation of operation of .
the calculation unit 20C;

Fig. 14 is a block diagram of a practical embodiment of
each of the calculation units 20D and 20E shown in Fig..8;

Fig. 15 is a functional block diagram ofua first exam-
ple showing a connected condition of the calculation units
20A-20E;

Fig. 16 is a functional block diagram of a secdnd
example showing a connected condition of the calculation
units 20A-20E;

Fig. 17 is é functional block diagram of a third exam-
ple showing a connected condition of the calculation units
20A-20E;

Fig. 18 is a functional block diagram of a fourth
examplé 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;

Fig. 20 is a functional block diagram of a sixth exam-

‘ple showing a connected condition of the calculation units
20A-20E; and



circuit 33 is also out put through the output term nal 02 -w(

e IACEMENY SHEET
applied with any anplitude envel ope. The control paraneteriPAR s li
fromthe controller 21 includes the frequency information KENyaté rgﬁae.é@ﬂmﬁ
coeffi- cient MILT, waveform selection information W5, env

i nfermati on EGP and feedback gain FBG T#us, the calcula- tion units 20A,
20B each are responsive to the key-on signal to produce a waveform signa
havi ng. a frequency defined the frequency information FN and coefficient

MULT and a higher raoni ¢s. co nent, .corJ esnondi | vef orm
'sel ection informat i%ﬁ {T/% aarﬁmtcotn%%baﬁl atfleo?%eflapé%g u%’e%ma\t/vgsvée‘?%lrtr#gi gnal by
the nodul adx0p 15d Hiedw B/ Dredriife d vt hasid st el oApgHe esh Ieuldei swdul ation

wave i nput
units 20A-20E.

In Fig. 1 of the drawings, there is illustrated a block
diagram-of a first embodiment of a husical tone signal
synthesizer in accordance with the present invention which
"includes first, second and third waveform signal producing
portions 11, 12 and 13. The first waveform signal produc-
ing portion il is comprised of a phase data producing
circuit lla_and a waveform memory 11b. The phase data

- producing circuit 1la includes an accumulator as a main
component and is designed.to accumulate frequency informa-
tion data'FN appiied thereto at each timing defined by
a clock signal (not shown) thereby to successively output
the 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 lla
restarts to accumulate frequehcy information data applied
thereto 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 of frequencies represented by
the frequency information data FN, as shown_by the charac-
ter "a" in Fig. 2. 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 likeland repre-

sents a value proportional to a tone pitch frequency or



t er m nal

M for producing various kinds of waveform signals REPLACEMENT SHEET

25 wth an anplitude envel ope. As shown in Fig. 11, f§he calculation
unit 20C includes phase data producing circuits 4la, 41b, a Qﬁﬁ§"”¥éldnmbﬁﬂﬂ,

wi ndowi ng function mavefornlprodu0|ng circuits 43a, 43b,

N

10

integer times the tone pitch frequency (in an audible band)

of a musical tone to be generated by a performance means

such as a keyboard apparatus, the automatic performance

apparatus or the like. The waveform memory 1llb is arranged
to memorize a number of-sampling data indicative of

a predetermined waveform (for instance, a sine wave) per
one cycle. The sampling_déta are successively addressed
by the phase data applied from the phase data producing
circuit 1la so that the waveform signal indicative of the
predetermined waveform is read out as a firét waveform
signal "b" shown in Fig. 2 from the waveform memory 11b at

a frequency defined by the frequency information FN.

Similarly, the second waveform signal producing portion
12 is comprised of a phase data producing circuit.lZa.and
a waveform memory 12b. The phase data producing circuit

12a includes an accumulator as a main component which is

'designed to accumulate fréduency information FP applied

thereto thereby to sucbéssively output a phase data "c¢"
indicative of the accumulated values 0-2z as shown in Fig.
2. In this phase data producing circuit 12a, the value of

frequency information FP is accumulated from an initial

-value (for instance, 0) in response to a key-on signal KON

applied from the performance means such as the keyboard

device, the automatic performance apparatus or the like to

- produce a synchronous signal SY per one cycle of the accu-

mulation. The frequency information FP corresponds with a
tone color designated by the tone color designation means

such as the tone color selection device, the automatic



phase data producing circuits 44a, 44b, adders 45a, 45b, sta
producing circuits 46a, 46b, nmultipliers 47a, 47b, a multip
envel ope wavef orm produc- ing circuit 49 which correspond rsspectixe y

with the phase data producing circuit 12, adder 14a, wavef of/nbarenndys.l ,E*E
phase data producing circuit 13a, adder 14b, waveform nenor

tard—vavef-orm—-—-

eRERESGHICENINSHEET

1
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multiplier 15, nultiplier 16 and envel ope waveform generating circuit 17
in the first enbodiment shown in Fig. 1. In this calculation unit 20C the

et or m RSy B Legat U B A A 0E A B AR JARGCT P,

Fig. 12 aprnopdms oregperd iaeaiandatch WavRruency of a musical tone

signal to be designated and generated by the performance
means or integer times.the tone pitch frequency. The
frequencf information FP may be fepresented by a different
value even if it is represented by the same value as the
frequency information FN. The waveform memory 12b is
arranged to memorize a number of waveform sampling data
indicative of é windowing function per one cycle. The
sampling data are successively addressed by the phase data
applied from the phase data producing circuit 12a through
an adder 14a so that a waveform signal indicative of the
windowing function is read out as a second waveform signal
- "d" from the waveform memory 12b at a frequency defined by

the frequency information FP as shown in Fig. 2.

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
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 0-2z
as 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
apparatus or the like to represent a central frequency

position of a fixed formant. The frequency information FC



formproducing circuits 33 of the calculation units 20A, 2 -
) 5 : : ' R ?h E
calculation circuit for converting an output waveform of t %gg% JﬁnyTSHEET

menory? Wth the waveformnenory and calculation circuit, thgaw.ndo&m ]9%
function wavef orm producing circuit 43a, 43b each act to produce—a " ©

w ndowi ng function waveform signal indicakive "sin 2 SKT(x/2)" as shown by
t he characters "el", "e2" in Fig. 12. In the wi ndowi ng function waveform
signals, the character x repre-- sents a phase data and the character SKT

e tFREBPARELCbl BT LGBkl AR hprane THohhRstugecal L

fixed formantioheFNyesPnar Thwsi,nthe proQuction cycle of the phase
data iIn the phase data producing circuit 13a is extremely
shorter than that of the phase daté by the phase data -
producing circuits 11la, 12a. In the phase data'producing
circuit 13a, the value of frequency information FC'is
accumulated from an initial value (for instance, 0) in
response to the key-on éignal KON and reset by the synchro-
_nous signal SY from the phase data producing circuit 12a to
restart accumulation of the frequency information from the
initial value. The waveform memory 13b is provided to
memorize a number of sampling data indicatife of a prede-
termined waveform (forg;nstance, a sine wave) per one
cycle. The sampling daté 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 predetermined waveform is read out as a third
waveform 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 11lb to each phase data from
the phase data producing circuits 12a and 13a. Since these
adders 14a, 14b‘each act as a modulation means, the first
waveform signal from the first waveform signal producing
portion 11 is applied as a modulation signal, whilé the
second and third waveform signals from the second and third

waveform signal producing portions 12 and 13 each are



26 wdth in accordance with an increase of the skirt porti ThE L -
st andard wavef orm producing circuits 46a, 46b each are conp serlgﬁwﬁyTSHEET

same construction as those in the calcula- tion units 20A, ' ﬂr3ddUH'BBB
wavef orm signals "bl", "b2" shown in Fig. 12 in accordance i
data "al", "a2" and the waveform sel ectildn information WS

applied with frequency modulation. The waveform memories
. 12b and 13b are connected to a multiplier 15 which multi-
plies the third waveform signal "f" from the third waveform
signal producing portion 13 by the second waveform signal
"d" from the second waveform signal producing portion 12 to
output intermittently the third waveform signal in accord-
ance with the wihdowing function represented by the second
waveform signal. As shown by an arrow A in Fig. 3, the
intermittent waveform signal has a fixed formant character-
istic wherein the center of formant is located at a posi-
tion of a frequency-defined by the frequency information FC
and wherein a plgrality of higher harmonics are included at

an interval of a frequency defined by the frequency infor-
mation FP. |

The multiplier 15 is connected to a multiplier 16 which
is adapted to multiply the waveform signal from the multi-
Plier 15 by an envelope wéveform signal from an envelope
waveform signal producing circuit 17. When applied with
the key-on signal KON from the performance means and
envelope information EGP from the tone color designation
.meansﬂ the envelope waveform signal producing circuit 17
produces an envelope waveform signal indicative of
an amplitude envelope waveform of a musical tone signal and

applies it to fhe multfﬁlier 16.

Hereinafter, operation of the musical tone signal
synthesizer will be described in detail. When the key-on

signal KON, frequency'information'FN, FP, FC and envelope



In the calculation unit 20C, each circuit for producing thel théﬁﬁtmeNnBHﬁET
having the fixed formant characteristic is provided respecyt |velymiqipalrs

so that the tine width of the w ndowi ng function can be sqj Daget ;
cycle defined by the frequency information FP. For the pur Sett

the-time wdth of the window ng functionl4the frequency |nfornat|on FPis
shifted down by one bit by neans of a shifter 51 so that the pair of phase
dat a 'produCing circuits 4la, 41b each act to produce a synchro- nous

nal Y .a ase data "cl", "c2" different in a phase of [err] as shown
?th?g S ? 1gﬁaﬁqy are produced by operation J% the peJiorA—

ance means and tone color designation means, the first
waveform signal pfoducing 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 sécond
waveform signal producing circuit 12 produces a second
waveform signél "d" as shown in Fig. 2 at a frequency
defined by the frequency information FP aé a carrier repre-
senting a windowing function modulated by the first wave-
form signal "b". 1In this instance, the third waveform
signal producing circuit 13 produces a third waveform
signal "f" 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 "f" are multiplied by the multiplier 15 and
applied és a fourth waveform signal to the multiplier 16.

'During such operation of the musical tone signal syn-.
thesizer as described above, the envelope waveform produc-
ing circuit 17 produces an envelope waveform signal desig-
nated by the eﬁvelope information EGP in response to the
key-on signal KON. Thus, the multiplier 16 multiplies the
envelope waveform signal by the fourth waveform signal from
thé multiplier 15 to apply an amplitude envelope defined by
the envelope wavefofm signal to the fourth waveform signal
thereby to produce the fourth waveform signal as a musical
tone signal. In the musical tone signal synthesizer, the
fourth waveform signal becomes idéntical with a waveform

signal modulated by the first waveform signal "b" since the



a pair of phase data producing circuits 52a, 52b are provid 2ole o e st SHEET
continuously change the tine width of the w ndow ng functio gﬁfﬁ@”ﬁﬁégg
for M@ A[INGIGS..

data producing circuits 52a, 52b are applied with tine width
for succes- sively accurmulating the tine width information
time width information is accunul ated uplPo a predeter- mned maxi num val ue
(corresponding with a nmaxi mum address of the waveform nenory in the .
respective wi ndowi ng function waveform producing circuits 43a, 43b), the
phase dat |.Ng CilC '% 5 qfce se accumul ation of ;the tine
Brath | nt eOdbnEHeAds 40 RS Seo ahabited TERE 26 n&j_a\%%tﬂ‘l’td v

form signals "d" and "f" by the first waveform signal “"b".

Before modulated by the first waveform signal, the fourth

waveform signal ié already in the form of a waveform signal

which has a high level at a specific frequency region

defined by the frequency information FC of the third wave-

form signal and includes a plurality of higher harmonics

components. Thus, a plurality of side band waves occur at

frequency positions shifted by the frequency of the first.

waveform signal from the respective higher harmonics compo-

nents of the fourth waveform signal. As a result, the

fourth waveform signal modulated by the first waveform

signal is applied with a fixed formant characteristic

comprised'of a plurality.of fixed formants as shown

in Fig. 3.

Illustrated in Figs. 4(A) and 4(B) are spectrum
envelopes of musical tone signals synthesized under condi-

tions (1) and (2) listed in the following table 1.

. Table 1
Condition'(l) Condition (2)
First waveform signal:
Waveform Sine wave Sine wave
Frequency | - 2200 Hz 220 Hz

Amplitude level . - 7 dB - 17 4B



information froman initial value (for instance,"O') in res ORSF: A
synchronous signals SY applied fromthe phase data producifig ¢iFcults
41b. A pair of conparators 53a, 53b are provided to c NR&%LE t‘uS )
data fromthe phase data producing circuits 4l1a, 41b with Yase-dafa-

fromthe phase data producing circuits ¥®a, 52b for producing a high | evel
signal "1" _

--Continued--
Second waveform signal:
Waﬁeform Square Square
sine wave sine wave
Frequency 220 Hz 220 Hz
Band width - 50 Hz 50 Hz
Third waveform signal:

- Waveform Sine wave Sine wave
Frequency 4009 Hz 1008 Hz
Fourth waveform signal: _

Amplitude level 0 dB 0 dB

In the table 1, the band width of the second waveform
signal represents a frequency width of 3 dB below é peak
value in 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 musical tone signal of a fixed formant charadteristic
comprised of a plurality of fixed formants can be synthe-
sized in a simple construction only by means of the second
and third waveform signal producing portions 12 and 13, the
multiplier 15 for forming the fourth waveform signal, the

. first waveform signal producing portion 11 and the adders
14&,_14b for modulating the fourth waveform signal. Since

each frequency position of the fixed formants can be simply



when the latter phase data are nore than the former phase dd —apg_ror—
producing a low | evel signal "O when the |atter phase dat4g gFgEF%L@EPﬁ§NEET

the former phase data. A pair of selector circuits 54a, 54 Le pr \aj?gm 109
to select the phase data of the phase data producing circu

when applied with the high level signal 11" and to select the phase data
of the phase data producing circuits 4la, 41b when applied with the | ow
| evel signal "O0". Accordingly, if the time width information is |ess

el nat i ohSEinekeogrged it a0SEnY S2eneBRFTRY sCc8ndmand enlra 11¢
waveform signals (each frequency defined by phe frequency .
information FN, FP and FC), a musical tone signal of
a desired formant characteristic comprised of _
~a plurality of fixed formants can be synthesized in

a simple manner.

Although in the first empodimént of the musical toné
signal synthesizer, all the first, second and third wave-
form signéls have beeﬁ modulated in frequency, either one
of the waveform signals may be ﬁodulatéd in frequency to
modulate the other waveform signals in_frequency. In such

a modification, either one of the adders 1l4a and 14b may be

eliminated.

Illustrated in Fig. 5 is a second embodiment of

a musical tone signal synthesizer in accordance with the
present invention which includes first, second and third
wavéform signal producing portions 11, 12 and 13, multipli-
ers 15 and 16 and an énvelope waveform producing circuit 17
provided substantially in the same manner as in the first
embodiment. In this second embodiment, the adders 14a and
14b of the first embodiment are replaced with an adder 18
which is adapted to add a fourth waveform signal in the
form of an outpﬁt signal of the multipliér 15 to a phase
data .applied from the phase data producing circuit 1la.

The adder 18 acts as a modulation means for applying fre-

quency modulation to the first waveform signal.



phase data producing circuits 52a, 52b increases nore than
phase data "cl", "c2" fromthe phase data producing circu
shown n Ficg. 12. As a result, the selector circuits 54a,
t he phase data fromthe phase data producing circuits 52a,

iﬁbr &%‘T SHEET
@.Ct 1

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

addr-ess signal .to the window ng function;groducing-circuits 43a, 43b
through the adders 42a, 42b. If the time width information BWis nore than
two times the cycle defined by the frequency information FP, the

i nclination of

_ Assuming that in operation of the second embodiment,
the performance means and tone color designation means such
as the keyboard device and the tone color selection device
have been operated to produce a key-on signal KON, frequen-
cy information FN,lFP, FC and envelope information EGP, the
second and third waveform signal producing portions 12 and
13 produce second and third waveform signals "d" and "f" as
shown in Fig. 2 at each frequency defined by the frequency
information FP, FC. The second and third waveform signals
"d" and "f" are mﬁltiplied by the multiplier 15 and applied
as a fourth waveform signal to the adder 18. On the other
hand, the first waveform signal producing portion 11
produces a first waveform signal "b" as shown in Fig. 2 as
a carrier at a frequency defined by the frequency informa-
tion FN, and the adder 18 acts to modulate the first wave-
form signal "b" by the fourth waveform signal applied
thereto from the multiplier 15. Thus, the multiplier 18
acts to multipl& the modulated first waveform signal by
an envelope waveform signal applied from the envelope
waveform generating circuit 17 thereby to produce a musical
tone signal with an amplitude envelope defined by the

envelope waveform signal.

In such a musical tone signal as described above,
a plurality of side band waves oc¢cur at opposite sides of
a freduency 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

phase. The fourth waveform signal is inherently in the



28 t he phase data "cl", "c2" fromthe phase data producing
41a, 41b increases nore than that of the phase data "dl", "d2l fr he
phase data producing circuits 52a, 52b. In this instance, thellg t@c@’JUN]ggs
circuits 54a,. 54b act to apply the phase data fromthe phaseltdata

producing circuits 4la, 41b as an addrek® signal to the w ndow ng
function waveform producing circuits 43a, 43b through the adders 42a, 42b.
Thus, the time width of the windowing function is variably controlled in

such a naq%%m fuatwé%eform signal having a fixed formant character-
istic shown by the character A in Fig. 6 andlincluding
a plurality of highér harmonics components the level of
which is higher'at a specific frequency region. Thus, the
formants included in the fqurth waveform signal are aligned
"on a frequency axis, and the first waveform $igna1 modulat-
ed by the fourth waveform signal becomes a waveform signal
having a fixed formant characteristic comprised of the

plural formants as shown in Fig. 6.

Illustrated in Figs. 7(A) and 4(B) are spectrum
envelopes of musical tone signals synthesized under condi-
tions (1) and (2) listed in the following table 2.

' Table 2

‘ Condition (1) Condition (2)
First waveform signal:

Third waveform signal:

Waveform Sine wave Sine wave
Frequency - 220 Hz 440 Hz
Amplitude level - 17 "dB - 17 dB
Second wavefbrm signal: |
Waveform . Square Square
sine wave sine wave
Frequency 110 Hz 110 Hz
- Band width 50 Hz 50 Hz

Waveform Sine wave Sine wave
Frequency 4009 Hz 4009 Hz
Fourth waveform signal:

Amplitude level 0 dB 0 dB



maxi mumtinme wdth of the windowi ng function is variably cont g aacieiSHEET
two tines the cycle defined by the fre- quency information . To further
prolong the maxi mimtime width of the wi ndowing function, thepsespedt3vsiN. 199
circuits in the calculation unit 20C are provided in nore tlhasthree

pai r’s. In the calculation unit 20@Qonposed in pai rs, a waveform
signal of a frequency defined by the frequency information FCis .
intermttently output fromeach of the nmultipliers 47a, 47b in response to

a w ndow f.unct.i veform si gnal ., at cycle of t tines the cycle
def i ned byrlg\ﬁ: efrtggﬁ‘een% i oﬂ?d’tqg&}q‘—tg‘ %ot 'K e Gt Y@ r m  signal s
are modul igghdly ieaahdHreAldON S £ 5Pl difisbd Gnent .

From the above description, it will be understood that
in the second embodiment, a musicél tone signal with
a fixed formant characteristic comprised of a plurality of
formants can be synthesized in a simple manner only by
means of the secoﬁd and thirq waveform signal producing
portions 12 and 13, the multiplier 15 for forming the
fourth waveform signal, the first waveform signal producing
portion 11 for producing the musical tone signal modulated
by the fourth waveform signal and the adder.18 fbr modula-
tion of the musical tone signal. Since each frequency
position of the plural formants is simply defined by each
frequency of the first, second'and third waveform signals
(each frequency defined by the frequency information FN,
FP, FC), a musical tone signallhaving a desired formant.

characteristic comprised of a plurality of fixed formants

can be synthesized in a simple manner.

Although in the first and secohd embodiments, it is
desirable_thatleach frequency of fhe first and second
waveform signals is set in a relationship of about integer

. times for obtaining a scale note, such a relationship

- 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 like.



t he nmodul ati on wave input termnals ML, M under control of = |
42a, 42b; 45a, 45b. When output signals of the nultipliers 7%25 gﬁéngHEET

m xed at an adder 55, the waveform signal is intermttently groducqdlafyN 1996
the cycle defined by the frequency information FP.  fL__ 077
29 - The output waveform signal of théladder 55 is output fromthe

output termnal 01 after applied wth an anplitude

Although in the first and second embodiments, frequency .
modulation has been utilized, phase modulation of the -
fourth waveform signal (the second or third waveform sig-
'nals) may be effected by the first waveform_signal or phase
MOdulation of the first waveform signal may be effected b&
the fourth waveform signal since a similar result can be
obtained by either the phase of frequency modulation. 1In
the case that a large number of formants are not required,
amplitude 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.

Practical application:

Tllustrated in Fig. 8 is a block diagram of an elec-
tronic musical instrument equipped with the musical tone
signal synthesizer in accordance with the present inven-
tion. The electronic musical instrument includes five
calculation units 20A-20E respectively for calculation of
a waveform signal. The calculation units ZOA—ZOE each are
provided with an input terminal to be applied with various
control paraméters PAR for prodﬁction of the waveform
signa1 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
‘calculation 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 caiculation unit 20C is

provided with input terminals M1, M2 to be applied with the



envel ope waveform signal producing circuit 49. The out put REPDAﬂEﬁENmGHEET
of the adder 55 is al so output fromthe output term nal 02

t hout ﬁ
applied with any anplitude envel ope. The control parameter |[SDpl:l.e 3‘1‘@%‘995
the -controller 21 includes the frequenc32information FC, FE—=Fre=wath

I nformation BW skirt portion control infor- mation SKT, maveform
selection informati on W5 and envelope information EGP. Thus, the

cal cul ati Cl res onS| e to gna produce a
wavef or m %{s%’l(g“r:l %/I nIS na kS t\clﬂ lrﬂp‘g%asre:% ceffliosr{ rbce‘fﬂ:e byaq(ﬂe
frequency tny czrarmtumi%ﬁl U s VROl h 20K asde | e Eiwcwmhed with

an input terminal CI to be applied a carrier signal from

envel ope in response to an envel ope waveform signal pro- du&Fn By-—t-ha

—-.--__.—......'

the input selection circuit 23.

The controller 21 is designed for control of the calcu-
1atioﬂ 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-
20E in response to.key perfofmance on the keyboard device
24 and reads out the control'ﬁarameters PAR and CPAR from
the parameter memory 26 in accordance with a'tone pitch
designated by the key performance and a tone color selected
by operétion of the tone color selection device 25 to apply
the control parameter PAR to the calculation units 20A-20E
and.to epply the control parameter CPAR to the output and
1nput-se1ection circuits 22 and 23. The controller 21 is
connected -to an exterﬁal information input/output device 27
which controis the control paraﬁeters 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
and/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-
troller 21 thereby to output the selected and/or mixed

waveform signals as a musical tone signal or feed back the



skirt portion control i nfor mati on SKT and a plurality of hiper—arfonres |
conponents defined by the frequency infor- mation FP and way &ERLACEMENT SHEET
sel ection signal W5 and to nodul ate the produced wavef orm sijgnal - €
nodul ati on signal applied to the nodul ati on wave i nput ter ﬁ@FSHthggyﬁwggﬁ-
for produci ng vari ous nodul ated wavefor@3signals wth an anprTtude

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

each are provided with a white noise producing circuit 51 for producing a

whi te no'Sgélggge&héﬁglgglﬁfxééoaé%ggorm signals to the input selec~

tion circuit 23. The input selection circuit 23 is adapted
to select and/or mix the feedback waveform signals and
apply them to the input terminals M, M1, M2 of calculation

units 20A-20C or the input terminals CI of calculation
units 20D, 20E.

As shown in Fig. 9, each of the calculation units 20A-
20B includes a phase data producing circuit 31, an_adder
32, a waveform memory 33a, a.multiplier 34 and an envelope
waveform producing circuit 35 which correspond respectively
with the phase data producing circuit 1la, adder 18, wave-
form memory 11b, multiplier 16 and envelope waveform pro;
ducing circuit 17 in the second embodiment showh in Fig. 5.
The phase data producing circuit 31 is connected to
a multiplier 36 to be applied with a multiplied value
MULT FN of the frequency information FN and frequency
coefficiént MULT for.repeatedly.producing a phase data at
a cycle reversely proportional to the multiplied value MULT .
FN. The addef 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 mpltiplier 37 to the phase data.
With such arrangement of the adder 32, a 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.



white noise producing circuit 51 is supplied to a nmultipli-

er 55 tniﬁﬁgﬁ====1
a lowpass filter 52, an adder 53 and a correl ative noise'proBEEPﬁ%E@ENE HEET

54. Thé | ow pass 30

filter Q?JUN
adapted to pass only a | ow frequency conponent i ncluded in h !te ﬂo1g§§~
t heret hrough for producing a

The waveform memory 33a is included in a standard
waveform producing circuit 33 to be addressed by'the phase
data from the phase data producing circuit 31. The stand-
ard waveform producing circuit 33 further includes variéus
kirds of calculation circuits and a selection circuit other
than the wavefdrm_memory 33a to selectively produce various
kinds of waveform signals in accordance with waveform
selection information WS applied thereto as shown in Fig.
10. The multiplier 34 is adapted to apply'an amplitude
envelope to an output waveform signal of the standard
wavefdrm producing circuit 33 in réspohse fo an envelope
waveform signal produced by the envelope waveform.producing"
circuit 35. The waveform signal with the amplitude
envelope is output thrbugh the output terminal 01. The
output waveform signal of the staﬁdard waveform producing
circuit 33 is_also output through the output terminal 02
without being applied with any amplitude envelope. The
control parameter PAR supplied from the controller 21
includes the frequency informatidn FN, frequency coeffi-

. cient MULT, waveform selection information WS, envelope
information EGP and feedback gain FBG. Thus, the calcula-
tion units 20A, 20B eaéh.are responsive to the key-on
signal to produce a waveform'signal having a frequency
defined the frequency information FN and coefficient MULT
and a higher harmonics component corresponding with the
waveform 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 producing various kinds of waveform signals



noi se signal having a formant at a | ow frequency region. ytir the '
filter 52, the skirt portion of the formant at the low fre JEH’QQﬁ%ﬁNfbHEET
can be'controlled by the skirt portion control informtion . Th?@dﬁmlgﬁ
53 is adapted to add a direct current conponent NRS to the TS

passing through the lowpass filter 52 f&Zr rising a peak of the formant .
The magni tude of the formant peak is determned by the direct current
conponent NRS. The cor- relative noise producing circuit 54 is adapted to

apply cor tion n0| lied with the direct current conponent
NRS f or fd&fﬁﬁ éIgha +%gg?%e ?ﬁgﬁ?’characteris- tic. The band w dth of

the formant is variably controlled :

As shown in Fig. 11, the calculation unit 20C includes
phase daté producing circuits 4la, 41b, adders 42a, 42b,
windowing . function waveform producing circuits 43a, 43b,
phase data producing circuits 44a,_44b, adders 45a, 45b,
standard waveform producing circuits 48a, 46b, multipliers
47a, 47b, a multiplier 48 and an envelope waveform produc-
ing circuit 49 which correspond respectively with the phase
,data producing circuit 12, adder 14a, waveform memory 12b,
phase data producing circuit 13a, adder 14b, waveform
memory 13b, multiplier 15, multiplier 16 and envelope
waveform generating circuit 17 in.the first embodiment shown
in Fig. 1. 1In this calculation unit 20C, the windowing
function waveform producing circuits 43a, 43b each inClude
a waveform memory addressed by phase data "cl1", "c2", "d1",
"d2" shown in Fig. 12 as in the respective standard wave-
form producing circuits 33 of the calculation units 20A,
20B and a calculation circuit for converting an output
waveform of the waveform memory. With the waveform memory
and calculation circuit, the windowing function waveform
producing circuit 43a, 43b each act fo produce a windowihng
function waveform signal indicative "sin 2 SKT(x/2)" as
shown by the characters "el", "e2" in Fig. 12. In the
windowing function waveform signals, the character X repre—
sents a phase data and the character SKT represents
a control information for controlling a skirt.portion of
the windowing function waveform in such a manner that

a spectrum envelope of a fixed formant becomes narrow in



by band wi dth i nformation NBW The nmultiplier 55 is apquE ﬁEN?SHEET
wavef orm signal froma standard waveform producing circuit 3p roug

~

sel ector circuit 56-or a carrier signal fromthe selector g Sg't]53JﬂN'€l995

standard waveform producing circuit 56 is the sane as the

wavef orm producing circuit 33 in the caPkéul ation units 20A, 20B; which is
addressed by a phase data froma phase data producing circuit 58 to read
out a waveform signal therefromand to change the read out maveforn1signa

i n accor dgnegnMityh a%ﬂ@ﬁl@e()w&lel %Ctlﬁl%ea! Wf*%ﬂ;o%k% Qﬁge data -
producing circuit 58 Is the sane the phase data produci ng CerUIt 1in
each of tThe cdlapdaatd wavefidrm 20Adu(iBe whirchuiits abapt ebd eadpeated! y

composed in the same construction as those in the calcula-

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

shown in Fig. 12 in accordance with the phase data "al",

"a2" and the waveform selection information WS.

In the calculation unit zoc; each circuit for'producing
the waveform signal having the fixed formant characteristic
is providéd 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
frequency information FP is shifted down by one bit by
means of a shifter 51 sd that the pair of phase data
producing circuits 4la, 41b.each act to produce a synchro-
nous signal SY and phase data "cl1", "c2" different in
a phase of 7 as shown in Fig. 12. Additionally,

a pair of phase data producing circuits 52a, 52b are
provided to continuously change the time width of the
windowing function. The phase data producing pircuits 52a,
52b are applied with time width information BW for succes-
sively accumulatingxthe_time width information BW. When
the time width informafion is accumulated up to a predeter-
mined maximum value (corresponding with a maximum address
of the waveform memory in the respective_windowing function
waveform'pnoducing circuits 43a, 43b), the phase data
producing circuits 52a, 52b cease accumulation of the time

width information and restart to accumulate the time width



produce a phase data at a cycle defined by the frequency _ == :
31 information NF. The selector circuit 57 is adapted to J Wﬁﬁtﬁ@éMﬁNTSHEET
output a carrier signal applied at its input termnal C in ffesponsg 40

carrier wave selection informa- tion CSEL of high |evel "1" rmteto?sJUng%

sel éctively output.a waveform si-gnal frXdm the standard wavef'orirproducr g
cir-

information from an initial value (for instance,"0") in

response to the synchronous signals SY.applied from the

phase data producing circuits 41a,'41b.

A pair of comparators 53a, 53b are provided to compare
the phase data frbm the phase data producing circuits 41a,
41b with the phase data from the phase data producing |
circuits 52a, 52b for producing a high level signal "y
when the latter phase data are more than the formef phase
data and for producing a low level signal "0" when the
latter phase data are less than thg former phase data.‘_

A pair of selector circuits 54a, 54b - are provided to
select the phase data of the phase data producing circuits
52a, 52b when applied with the high level éignal "1" and to
select the phase data of the phase data producing circuits

4la, 41b when applied with the low level signal "0".

Accordingly, if the time width information is less than
two times the cycle defined by the frequency information
FP, the inclination of the phase data "d1", "d2" from the
phase data producing circuits 52a, 52b increases more than
that of the phase data "cl1", "c2" from the phase data
producing circuits 4l1a, 41b as shown in Fig. 12. As
a result, the selector.circuits 54a, 54b act to apply the

. pPhase data from the phase data producing circuits 52a, 52b
as an address signal to the windowing function producing
circuits 43a, 43b through the adders 42a, 42b. If the time
width.information'BW is more than two times the cycle

defined by the frequency information FP, the inclination of



cuit 56. The nultiplier 55 is adapted to nultiply the noise %gva#*ﬁ?ﬁﬁF;—————
the correlative noise producing circuit- 54 by the waveforms LACEMBENTHRHEET
selector circuit 57. Thus, a noise signal having the fornant| is obtgfn

a position adjacent the frequency position of the waveform |aEﬁ‘rai’a?r§g\Naggs
t hersel ector circuit 57. - The outp2® of nultiplier 55 is multipried at

a nulti- plier by an envel ope wavef orm si gnal produced by the en- vel ope
wavef orm producing circuit 62 and is output fromthe output termnal Ol.

The out pu i gnal_ of | ti phi €6 53 1S, out put from the output termnal 02

wi t hout b%P§9%§85Fi33@% tﬁqany g%plf?ﬁ@etgﬁvg%gﬁg. & &8¢ Sﬁnﬁéraneter

PAR circuits 4la, 41b increases more than that of the phase

data "dl“; "d2" from the phase data producing cifcuits 52a,
' 52b. In this instance, the selector circuits 54a, 54b act
to apply the phase data from the ﬁhase data producing
circuits 4l1a, 41b as an address signal to the windowing
function waveform producing circuits 43a, 43b through the
adders 42a, 42b. Thus, the time width of the windowing
function is variably controlled in such a manner that the
maximum time width of the windowing function is variably
~controlled to be two times the cycle defined by the fre-
quency information FP. To further prolong the maximum time
width of the windowing functiqn, the respective circuits in

the calculation unit 20C are provided in more than three

pairs.

In the calculation unit 20C composed in pairs,

a waveform signal of a frequency defined by the frequeqcy
information FC is intermittently output from each of the
multipliefs 4T7a, 47b in response to a windowing function
waveform signal at a cycle 6f two times the cycle defined
by the frequency information FP. Both the output waveform
signals are modulated by each modulation signal supplied to
the modulation wave input-terminals'Ml,_Mz under control of
the adders 42a, 42b; 45a, 45b. When output signals of the
multipliers 47a, 47b are mixed at an adder 55, the waveform

signal is intermittently produced at the cycle defined’by

the frequency information FP.




supplied fromthe controller 21 includes thé skirt portion [[C T ol
i nformati on NSK, direct current conponent NRS, band wdth inﬁ Tt ENMENRBYFEET

wavefof m sel ection information W5, carrier wave selection ifformati ¢$r8 CRN-1996 -
frequency informa- tion NF and envel ope: jnformation EGP. T u@@erhﬁ"”""”"“ """"

calcula- tion units 20D, 20E each are r%%ponsive to the key-on signal KON-
to. produce a noise signal having a fixed formant characteristic defined by
the skirt portion control infor- nmation NSK, direct current conponent NRS

P oan o e T T AU o P LUl R O b e
from the output terminal 01 after applied with an amplitude
envelope in response to an envelope waveform signal pro-
duced by the envelope waveform signal producing circuit 49.
The output waveform signal of the addér-55 is also output
from the output terminal 02 without being applied with any
amplitude envelope. The control parameter supplied from
the controller 21 includes the frequency information FC,
FP, time width information BW, skirt portion control infor-
mation SKT, waveform selection information WS and envelope
information EGP. Thus, the calculation unit 20C is
responsive to the key—on~signal KON to produce a waveform
signal having a fixed formant characteristic defined by the
frequency information FC, time width information BW and
skirt portidn control information SKT and a plurality of .
higher harmonics components defined by the frequency infor-
mation FP and waveform selection signal WS and to modulate
the produced waveform signal by the modulation signal
applied to the modulation wave input terminals M1 and M2

for producihg various modulated waveform signals with an
amplitude '

envelope.

As shown in Fig. 14, thé calculation units 20D and 20E
each are provided with a white noise'producing circuit 51
for producing a White noise. The white noise from the
white noise producing circuit 51 is supplied to a multipli-
er 55 through a low-pass filter 52, an adder 53 and

a correlative noise producing circuit 54. The low-pass



32~ or a frequency position.of the carrier signal applied | T
wave i nput termnal Cl and to output the noise signal after 3%%?$§§%ﬁﬂﬁ$i§FT

anpl i t ude envel ope. - Assuming that in operation of thej el ectr]b@gUNlagg
musi cal i nstrunent descri bed above, the controller 21 has Lnnn applied

Wi thH a selection signal indicative of a3®one color fromthe ext er nal
-information input/output device 27, the

filter 52 is adapted to pass only a low frequency éomponent
included in the white noise therethrough for producing a '
noise signal having a formant at a low frequency region.
With the low-pass filter 52, the skirt portion of the
formant at the low frequency region can be controlled by
the skirt portion cbntrol information NSK. The adder 53 is
adapted to add a direct current component NRS to the white
noise passing through the low-pass filter 52 for rising a
peak of the formant. The magnitude of the formant peak is
defermined by the direct cﬁrrent component NRS. The cor-
relative noise producing circuit 54 is adapted to apply
correlation to the noise applied with the direct current
component NRS for further changing the formant characteris-

tic. The band width of the formant is variably controlled
by band width 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 carfier signal from the selector
circuit 56. The staﬁdard waveform producing circuit 56 is
the same as the standard waveform producing circuit 33 in
the calculation units 20A, 20B, which is_addresséd by a
phase data from a phase data producing circuit 58 to read
out a waveform siénal therefrom and to chénge the read out
wavefdrm signal in accordance with the waveform selection
information WS. The phase data producing circuit 58 is the
same the phase data prodﬁcing circuit 31 in each of the |
calculation units 20A, 20B, which is adapted to repeatedly

produce a phase data at a cycle defined by the frequency



controller 21 reads out the control paranmeters PAR CPAR
paraneter nenory 26 to supply the control parane- ter PAR
cal cul ation units 20A-20E respectively and -to supply the|
CPAR to the output and input selection circuits 22 and 23:
the - control paranmeter CPAR, the output and input selection circuits 22
and 23 act to connect the calculation units 20A-20E as shown in Fig. 15.
Thus, the calculation units 20A-20E each are conditioned to execute

cal el ot oByPbrBYEAR ! 990k 5RUBLLED LEECELE b7 TSCRAAREEE. MLt e,

units 20A—E@Eecamvédﬂebufﬁutsac@atahGedsﬁénal applied at its input
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terminal CI in response to carrier wave selection informa-
tion CSEL of high level "1" and to-selectively output a
waveform signal from the standard waveform producing cir-
cuit 56. The multipller 55 is adapted to multiply the
noise signal from the correlative noise producing circuit
54 by the waveform signal from the selector circuit 57.
Thus, a noise signal having the formant is obtained at a
position adjacent the frequency position pf the waveform

signal from the selector circuit 57.

The output of multiplier 55 is multiplied at a multi-
plier by an envelope waveform signal produced by the en-
velope waveform producing circuit 62 and is output from the
output terminal 01. The output signal of multiplier 55 is
output from the output terminal 02 without being applied
with any amplitude envelope. The control parameter PAR
supplied from the controller 21 includes the skirt portlon
control information NSK, direct current component NRS, band
width information NBW, waveform selection information WS,
carrier wave selection information CSEL, frequency informa-
tionhNF and envelope information EGP. Thus, the calcula-
tion units 20D, 20E each are responsive to the key—oﬁ
signal KON to produce a noise signal 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 frequgncy position defined by the

frequency information NF and waveform selection signal WS



t'he out put selection circuit 22 to m x waveform signals app
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and an adder 72 is contained in the output selection circuitl. 22, or

i nput Selection circuit 23 to mix waveform signals applied 1h@m§to'i@FJUN 19%

When applied with a key-on signal KON indicative of designat itse=of
nmusi-cal

t he
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tone signal fromthe keyboard d&4 ce 24 or the external |nfornat|on
| nput/out put device 27, the calculation units 20A-20E are acti vated.

or a frequency position of the carrier signal applied at

its 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 deécribed above, the controller 21 has been

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 ﬁarameter memory 26 to supply the control parame-
ter PAR to the calculation units 20A-20E respectively and
to supply the control parameter CPAR to the output and

input selection circuits 22 and 23. 1In response to the

control parameter CPAR, the output and.input selection

circuits 22 and 23 act to connect the calculation units
20A-20E 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 cohnected condition of
the caiculation units 20A-20E, an adder 71 is contained in
the output selection circuit 22 to mix'waveform signals
applied thereto, and an adder 72 is contained in the output
selection'circuit 22 or the ihput 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



connected condition shown in Fig. 15, waveform signals N
the calculation units 20A and 20B are m xed at the adder 72 a%&e’%gg?‘%‘%’%s{%m
t he nodul ati on wave input termnals ML and M2 of the caIcuIaE}En gt %%B

g}
il Y 1996,

Thus,

si gnal

“a waveform signal of a fixed formant characteristic i | ]
the-cal culation unit 20C and nodul ated i38 frequency by the m xed waveform
signals fromthe calcula- tion units 20A and 20B to out put a waveform

having a fixed formant characteristic conprised of a plurality of
formants tggou

ctegecongltion S nghE% Fg%tagge WQQ ¥8rm siénals

produced by the calculation units 20A and 20B are mixed at
the.adder 72 and supplied to the modulation wave input
terminals M1 and M2 of the calculation unit 20C. Thus,

a waveform signal of a fixed formant characteristic is
produced by the calculation unif 20C and modulated in
frequency by the mixed waveform signals from the calcula-
tion 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, noise
signals each having a formant characteristic from-the
calculation units 20D and 20E are mixed with the oufput
waveform signal from the calculation unit 20E at the adder
71. In addition, the output waveform signal and.noise
signals may be independently output as 'shown by broken

lines in Fig. 15.

When the controller 21 is applied with a selection
signal indicative of another tone color, the calculétion
units 20A-20E are connected as shown in Fig. 16. In such
a connected condition as shown in Fig. 16, an adder 73 is
contained in the output selection circuit 22 to mix output
waveform signals from the calculation units 20A, 20C, 20D
and 20E. In this inétance, a waveform éignal of a fixed
formant 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
fixed formant chéracteristic comprised of a piurality of

formants through the adder 73 as in the first embgdiment.



signal s each having a formant characteristic fromthe cal cul at Rps AdYdeBr?@ReeT
and 20E are m xed with the output waveformsignal fromthe cdl cul ati 3 jﬂhf

20E at the adder -71. In addition, the output waveform signall pad.nd ¢ ‘9""““E¥B
signals may be independently output as shown by broken |ines==f=—bg-——15. -

When the controller 21 is applied with a4sel ection signal i ndi cative of -
anot her tone color, the calculation units 20A-20E are connected as shown in
Fig. 16. In such a connected condition as shown in Fig. 16, an adder 73 is

Comt al 1eg. 11 WS04 ceRRLE o 2R P e A e RO
signal indicative of another tone color, the calculation
units 20A-20E are connected as shown in Fig. 17 or 18. In
such a connected condition as shown in Fig. 17 or 18, an
adder 74 or 75 is contained in the output éelection circuit
22 to mix output waveform signals from the calculation
‘units 20A, 20B, 20D and ‘20E. In this instance, the wave-
form signals produced by the calculation units 20A, 20B or
the waveform signal produced by the calculation unit 20A
are modulated in frequency by the waveform signal haﬁing
a fixed formant characteristic from the calculation unit
20C so that a waveform signal having a fixed formant char-

acteristic comprised of a plurality of formants is output

through the adder 74 or 75.

When the contfoller 21 is applied with a selection
signal indicétive 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 signal 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
formant characteristic produced by the calculation unit 20C
is modulated in frequency by the modulated waveform signal
from the calculation unit 20B. 1In a connected condition

- shown in Fig. 20, a wavefofm signal of a fixed formant
characteristic produced by the calculation unit .20C is
modulated in frequency by a waveform signal applied from

the calculation unit 20A, and a waveform signal pfoduced by
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and 20E. In this instance, a waveformsignal of a fixed forfanr _——=""== ===
characteristic produced by the calculation unit 20C is mody) BEBHGHMENT SHEET .
frequency by a waveform signal fromthe calculation unit 2@8 to pUtes
wavef orm signal having a fixed formant characteristic conp |Q@G"§g§a§ﬁmﬁﬁﬁﬁm
plurality of formants through the adder 38 as in the first enbodrnent.

34 When the controller 21 is applied with a selection

the calculation unit 20B is modulated in frequency by the
modulated waveform signal from the calculation unit 20C.
Accordingly, in the connected condition shown in Fig. 19 or
20, it is able to synthesize a musical tone signal having
a fixed formant characteristic comprised of more complicat-

ed formants than those in the first and second embodiments}

In the case that the calculation units 20A-20C are
connected as shown in Fig. 21, a waveférm signal produced
- by the caiculétion unit 20C is modulated in frequency by

waveform signals produced by the.calculation unit 20A and
20B. In this instance, the calculation.unit 20C is applied
with different waveform signals at its modulation wave
input terminals M1 and M2. Thus, a musical tone signal
having a fixed formant characteristic comprised of compli-

cated formants can be synthesized.

Conéequently, in the electronic musical instrument,
a waveform signal havihg a fixed formant characteristic
comprised of complicated formants can be obtained in
a simple manner as in the first and second embodiments.
In the electronic musical instrument, the calculation units
20A-20D cén be selectively connected in various conditions
by ‘means of function of the output selection circuit 22 and
input selection circuit 23. This is useful to synthesize
various kinds of mﬁsical tone signals in the fbrm of
a waveform signal having a fixed formant characteristic

comprised of complicated formants in a simple manner.



si gnal

i ndi cative of another tone color, the calculation unffs 2020 are
connected as shown in Fig. 17 or 18. In such’ a connected coljdPERLAHCEMENT SHEET

selection circuit 22 to mx output waveform signals from thel|&at®iu
uni ts 20A, 20B, 20D and 20E. In this ins3@ance, the wave- formsignals

shown in Fig. 17 or 18, an adder 74 or 75 is contained in tfle_ out
o3, JUN. 1956 .

produced by the cal culation units 20A, 20B or the waveform signal produced
by the calculation unit 20A are nodulated in frequency by the waveform

si gnal
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the calculation unit ZOC has beeq 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 a fixed formant
characteristic,' In addition, the frequency modulation may

be replaced with phase modulation or amplitude modulation.

Although in the foregoing embodiments, the calculation
units 20A-20E each havé been composed of a hard c¢ircuit,
the calculation units each may be composed of a digital
signal proceséing circuit the calculation of which is
executed_by a microcomputer. Alternatively, the calcula-
tion ﬁnits 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.

Although in the foregoing embodiments, the control
pafameters PAR, CPAR changed in accordance'withldesignation
of a tone pitch and a tone color, the control parameters
PAR, CPAR may be controlled by key touch, designation of

a tone volume or a breath pressure.



acteristic conprised of a plurality of formants is output thi T Vel (Y
74 or 75. ‘When the controller 21 is applied with a sel #géh"ggﬁgﬂg%HEET_
i ndi cative of another tone color, the calculation units 20ARQC arel 3 JUN 1996
connected in series as shown in Fig. 19. In such a connecte ) e T oY MV

shown in Fig. 19, an output waveform si dgdal of the calculation unit 20B is
nodul ated in frequency by a waveform signal produced by the cal cul ation
uni t- 20A, and a waveform signal of a fixed formant characteristic produced

by the calgt j.on unit 20C is nodulated in frequency by the nodul ated
maveforn1§T%%%$iLfron1the calculation unit 20B. In a connected condition

1. A.musical tone signal synthesizer comprising:

first waveform signal producing means for broducing
a first waveform signal of a frequency defined by first
frequency information applied thereto;

second waveform signal producing means for producing
a second wéveform signal indicative of a windowing function
at a cycle defined by second fréquenéy information applied
thereto;

Fhird waveform signal producing méans arfanged to be
synchronously controlled by said second waveform producing
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;

modulation'means for applying the firsf waveform signai
"as a modulation signal tQ said second waveform signal
producing means for modulation of the second waveform:
signal; and

means for multiplying the second and third waveform

signals to produce a fourth waveform signal as a musical

tone signal.

2. A musical tone signal synthesizer comprising:
first waveform signal producing means for producing
a first waveform signal of a frequency definéd by first

frequency information applied thereto;

second -waveform signal producing means for producing

| EE (LS



shown in Fig. 20, a waveformsignal of a fixed formant char
produced by the cal culation unit 20C is nodul ated in frequen
waveform signal applied from the calculation unit 20A, and
si gnal produced by 35

éFh%LE&ﬁz T SHEET

e

cal culation unit 20B is nodul ated in -fréfuency by the nodul ated wavef orm

signal fromthe calculation unit 20C

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 said second waveform producing

means for repeatedly producing a third waveform signal

starting from a predetermined phase at each cycle of the

second aneform_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 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.

3. A musical tone signal synthesizer comprising:

first wavefofm signal prodﬁcing means for producing

a first waveform signal of a frequency defined by fifst

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;

third waveform signal producing means arranged to be

synchronously controlled by said second waveform producing

means for repeatedly producing a_thifd waveform signal

* [ L M H *



Accordingly, in the connected condition shomn in Fig. 19 o It 15 apre
to synthgsyze a nusical tone signal having a fixed fornant hﬁFQE%%?MENT§HEET
conprised of nore conplicat- ed formants than those in the f_rsé_aﬂd3 JUN 1936
second enbodi nents. In the case thg? the cal cul ation urfi P&CIQADOG- e
are connected as shown in Fig. 21, a waveEform signal produced Dby tThe
calculation unit 20C is nodulated in frequency by waveform signals
produced by the calculation unit 20A and 20B. In this instance, the
cal cul ati optaPting0€rbm apﬁkbﬁ@tthﬁﬁed'kéﬁé@nﬁt“@33505§bibge?l%h@t its
nodul ati on wave 1nput term nals hus, a nusical tone signa

second waveform signal at a shorter cycle than that of the

second waveform signal:

first modulation means.for applying the firét waveform
signal as a modulation signal to said second waveform
signal producing means for modulation of the second wave-
form signal; ' - _

second modulation means for applying the first waveform
signal 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 musical tone signal synthesizer comprising:

.first waveform signal producing means for producing
a first waveform signal of a frequency defined by first
frequency information applied thereto;

second waveform sighal 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 érrqnged to be
sychronouesly controlled by said second waveform producing
means for repeatedly producing a thifd 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;

AN ) AR D



having a fixed formant characteristic conprised of conpli- @& 5
can be synthesi zed. - Consequently, in the electronic nns#%%+“égﬁgﬁq§HEET

i nstrdment, a waveform signal having a fixed formant characfleristicl 3 JUN 1996
conprised of conplicated formants can be obtained in a sinjl e as

the first and second embodinments. In thé%l ectronic nusical Tnstrunent, the
cal cul ation units 20A-20D can be sel ectively connected in various
conditions. by nmeans of function of the output selection circuit 22 and

i nput Se'eCti%@aﬁer%&tm%iti}ﬁ&in%stﬂﬁe%%bohﬂ N R@Sirde wadielf@#s Ki nds of
musi cal tone signals in the formof a waveform signal having a fixed
f or mant clsdgneilsr itot iprodawepai Seurdh eavglfioom ed eherlnast @ imusd calnpl e

manner. tone signal; and
modulation means for applying the fourth waveform
signal as a modulation signal to said first wdveform signal

producing means for modulation of the first waveform

signal.

5. A musical tone signal synthesizer comprising:

a Tirst calculation unit including first waveform
signal producing means for producing a first waveform
signal of a frequency defined by first frequency informa-
tion applied thereto and first modulation means for
modulating the first waveform signal by a first modulation
signal applied thereto;

a second calculation unit including second waveform
signal producing means for repeatédly producing a second
wéveform signal indicative of a windowing function at
a cycle éorresponding 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 producing a
third wavéfdrm signal starting from a predétermined phase
at each c&cle 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 mbdulating the second and third waveform signals by a |

second modulation signal applied thereto;

e



36 Al t hough in the foregoing enbodi nents and applicati ga—the ' i
cal cul ation unit 20C has been adapted to produce a wavef or [nRERLAMEMENTSHEET |

fixed formant characteristic, a plurality of the calculatipn unit
provided te nodul ate in frequency a waveform signal of a fi r@htéorm‘yuwm

characteristic by a waveform signal of a%lixed fornant

selective connection means for selectively connecting
an output of said first calculation unit to a modulation
input of said second modulation means in said second calcu-
lation unit and for selectively connecting an output of
said second calculation unit to a modulation input of said
first modulation means in said first calculation unit;

wherein the output signal of said first or second

calculation unit is output as a musical tone éignal.

_—
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characteristic. In addition, the frequency nodul ati on may

phase nodul ation or anplitude nodul ati on. AlthoughjrﬁﬂﬁkﬁanEﬂﬁﬁthT
enbodi ments, the calculation units 20A-20E each have been onposqf U&
hard circuit, the calculation units each may be conposed o Qﬁt@ig lJ 18%.
si gnal proce55|ng circuit the calcul ati ogzof which is exectted by &

m croconp t tion units 20A- 20E each may be
conposed o ﬁ*éﬁ¢ﬁ?|%¥€k%lr%%ﬁ?ﬁé$f#%§ time divisional multi-channe
type to S'”“'ABSTRACT

A musical tone signal synthesizer wherein a first
waveform signal Qf a frequenc& defined by first frequency
information is produced as a modulation signal, a second
waveform signal indicative of a windowing function is
produced at a cyéle defined by second frequency information
and a third waveform signal starting from a predetermined
phase at each cycle of the second waveform signal is re-
peatedly produced at a shorter cycle than that of the
second waveform signal,'and wherein the second and third
waveform.signals are modulated by the first wavéform signal
and multiplied to produce a fourth waveform signal as a
musical tone signal having a fixed formant characteristic

comprised .of a plurality of formants.

FIGURE 1



taneously synthesize a plurality of mnusical tone signals. ] y )

t he foregoi ng enbodi nents, the control parameters PAR IStPhA ? Tﬁ’:’éﬁ
accor-dance with designation of a tone pitch and a tone colipp,,.d.hel n!_ 1996
paraneters PAR CPAR nay be controlled by key touch, desi on-of o ,

tone volume or a breath pressure. 1/14 37
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means for repeatedly producing a third waveform signal stgrtrng frof :
predet ermi ned phase at each cycle of the .second waveform s 5EEEAQFM§NTSHEET |

shorter cycle than that of the second waveform signal: ti
means for applying the first waveformsignal as a nodul ati dp Déﬁeq 3 tj@ﬁ%
second wavef orm signal -produci ng nmeans for nodul ati on of thé second

wavef orm signal; and means for mAAli%lying the second and third
wavef orm signals to produce a fourth waveform signal as a nusical tone
si gnal . ~ 2. A nusical tone signal synthesizer conprising:

Fig .4 A
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at a cycle defined by second frequency information applied |jtHEMMNOEMENT SHEET
third waveform si gnal produci ng neans arranged to be Synch'onous|‘y3 IUN 1998'
controll ed by said second waveform producing neans for repgapaell.y.. .. 500 00

producing a third waveform signal starting froma predeter Fre
each cycle of the second waveform signal at a shorter cycle than that of
the second waveform signal; modul24}%n neans for applying the first
wavef orm signal as a .nodulation signal to said third waveform si gnal
producing neans for nodul ation of the third waveform _

Fig .7 A
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si gnal ; and means for multiplying the second and thi {|(RERMGEMENT SHEET

signals to produce a fourth waveform signal as a mnusical |itone s! ;ﬁ
3. A-rnusical tone signal synthesizer conprising: fir JtD%@Ne--t?? L!Q,ng)%|
produci ng neans for producing a first waveform signal of afrequency

defined by first frequency information agpl Il ed thereto; - second
wavef or m si gnal produci ng means for pr&d &i ng a second waveform si gnal
‘indicative of a windowing function at a cycle defined by second frequency

i nformati on applied
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t her et o;

repeat edly producing a third waveform si gnal

39 starting froma predeterm ned phase at each cycl e o

7/14

third wavef orm si gnal produci ng nmeans arran
synchronously controlled by said second wavef or m producin

Fig. 9
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second waveform signal at a shorter cycle than that of the jjSecond _wavelorimm_ ji

si gnal ; first nodul ati on neans for applying the first ¢ &Qﬁ”ﬁ“ﬁnﬁﬁsg
as a nodul ation signal to said second waveform signal prodjcing aEIHe e
nodul ati on of the second wave- form signal; second nodjjl Bt b'ﬁgegprs """"""

for applying the first waveform signal as a nbdul ation signal to sard third
wavef orm si gnal  produci ng means for no8él4tion of the third waveform
signal; and means for multiplying the second and third waveform
signals to produce a fourth waveform signal as a nusical
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tone signal. 4. A nusical tone signal synthesizer cONMHEPRLLCGMENT SHEET
first waveform signal producing neans for producing a firsjt wavef rg1§yﬂrEE5
of a-frequency defined by first frequency information app kgﬂ;thL [0 0 it
second waveform signal produci ng nmeans for produci ng a secoag=wsv R '
signal indicative of a window ng function at a cycle defined by second

- frequency information applied there;oP/14 third wavef orm si gnal producing
means arranged to be sychronouesl?ﬁiﬁl:olqb by said second waveform
produci ng nmeans for. repeatedly prdd g"a tfTrd waveformsignal starting

froma predeterm ned phase at each cycle of the
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second wavef orm si gnal at a shorter cycle than that

si gnal ; 40
nultlply|ng the second and third maveforn1 signal s t

wavef orm signal as a nusical tone S|gnal and
10/14 '




modul ati on means for applying the fourth waveform signal !

signal to said first.waveform signal producing neans for.

conpri si ng: a first calculation unit including first \

B R Ry SR

first waveform signal. 5. A nusical tone signal Sy”@g@'ﬁ%ﬂggggﬁw

preduci ng neans for producing a first waveform signal of
defined by first frequency informa- tildd14pplied thereto
nmodul ati on nmeans for nodulating the first waveform signal
modul ation signal applied thereto;
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a second cal cul ation unit including second waveform si gné,l Rprodim gr 88888
for repeatedly producing a second waveform signal indicatijve of a w ndow ng
function at a cycle corresponding with a frequency define mes&dbruumggs
frequency information applied thereto, third waveform pro i .
be.synchronously controll ed by said second waveform si gnal producing neans -
for repeatedly producing a third wavef 324 gnal starting froma

-predet erm ned phase at each cycle of the second waveform signal at a
shorter cycle than that of the secoF' ef O'gnﬁi gnal , neans for _

mul tiplying the second and third wa e!g}/n'si nals to pro- duce a fourth
wavef orm signal and second nodul ati on nmeans for nodul ating the second and

third wavef orm si [g'h‘alTbyT"SW—ﬁbdm—atT'UrrsTgnal appl i e_d t her et o;
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41 sel ective connection neans for selectively conne@itkpaAceMEuT BHEET
of said first calculation unit to a nodulation input of gaid se qfd :
nodul ation neans in said second calcu- lation unit and f@rp&sslk.e t\AMN/lQ%

connecting an output of said second calculation unit to
of; sal -
of said 13/14
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first nodulation neans in said first cal culation unit;
out put signal of said first or second calculation unit is
nmusiscal tone signal. '

AP ASEMENTOSHEET

out put as a
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