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MUSICAL·TONE SIGNAL SYNTHESIZER 

.The present. invention relates to a musical top.e :signal 
. . . . 

synthes·izer of t:be modulation type, and more p·articulai'ly 
. . 

.. to' a musical tone s1f;n.a1 i;;yntheslzer wherein a -~id.eb.and 

wave ~aused by modulation is utilized to synthesize. 

a mm11-i t!Rl ton A si 1r11al of a fixed formant characteristic. 

Disclosed in .Japanese Patent Laid.,..openPublication No. 

2(1990)-254497 is. a· musical 1,:cme signal synthesizer wherein 

. · Ii windo:wine: ·function wavefol"m signal is repeatedly produced 

at a cycle corresponding with a frequency of a musical tone 

signal>to be generated or a frequency of integer tilJleS :the 

frequency of the· mu~ical; tone si·gnal so· that a waveform 

signal starting ·frpm a·predetermined phase at each cycle of 

the windowing: function waveform signal is repeatedly pro-
. . . 

. . . . 

.duced at a shor.ter cycle than that of the windowing func-

. tiQn waveform signal, and wherein.the produced waveform 

. signals are mul tiplie\ to synthesize a mus:!,cal tone signal 

of a .fixed forma,nt cha'i-acteristic. Disclosed also in 

Japanese Patent. Publl~aj;ion No. 64(1989)-4199 is a musical 

.·tone signal synthesizer· of the frequency. modulation type 
. . . 

wherein.a waveform Signal ii;; produced as a carrier at 

a frequency of a_mus1¢al tone signal to be generated or 

a frequency of. inte-ger times the frequency of the musicai 

.·tone signal, and wherein another waveform .signal ls· 

:·: ~ : 

?~41":,, i 
··-!l. . ·~'·'1 .. 
;.~ I""' 
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produced as a mo.dulat!on wave at a frequency related to 

-i:Q.teger times the frequency of .the carrier so that frequen­

cy_modU:lation of the carrier is effected by the modulation 

wave· to ob.tain a plurali.ty of sideband .waves. for synthesis 

of a musical tone sign.al. 

In· the case-.-that the former musical tone signal synthe­

siz.er is . adapted to synthesize a musical. tone signal with 

a plurali~Y of formants-, it_ is required to provide· a plu­

rality of musical tone.signal synthesizers in.parallel in 

accor.dan,ce with. the .number of formants. This means that 

the whole_ construction of the musical tone signal synthe-

. sizers b~coJ11es compli.cated ~ In the latter musical. tone. 

· signal synthesizer, ·a distributed· condition of the sideband 

waves obtained b:y the frequency modulation may not be 
estimated in a Simple manner. It is, therefore, difficUlt 

to synthes:l!ze 21,- 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 

synthesiz.1,ng a musical tone signal of a desired formant 

characteristic in a· simp·le manner. 

In the present invention, the primary object is accom­

plished -by providing a musical tone·signal synthesizer 

·which .. comi>r1~e$ ·first waveform signal producing means for 

pr.oducing a fir$t waveform $1gnal of a frequency· defined by 
. . . . . 

first freqµency information applied thereto; second wave-
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form signal pr.oducing means for producing a secon.d waveform 

signal indicatiV'e of ·a windowing :func.tion at a cycle 

defined by second·fr:equency information applied thereto; 

t:ti1rd waveform signal·producing means arranged to be 

synchronous.ly c.ontrolled by the second wavef orni producing 

means for repeatedly producing a.third waveform signal 

starting from a .predetermined phase at each cycle of the 

second wavef·orm signal at. a shorter cycle than that of the 

second waveform . signal.; modulation means for applying the 

. first waveform .. signal as a mo.dulati.on signal to· the second 

. waveform .signal producing .me'ans for modulation of the . . .. .. . . . . .. . 

. secoµ.d wave for~.· ~ignal; and .means for multiplying the 

second and third wavet'orni. sl,gnals to ;produce a.fourth 

waveform signal as a musical -tone signal . 

According to.an aspect of the present inven~1on. there 

·is provided a·muslcal tone signaJ_ synthesizer which 

comprises fir.st waveforlll signal producing means for prodU:c­

in~ a first waveform signal of. a frequency-.d~fined by.first 

frequency information applied thereto; sf!cond waveform 

.signal. producing means ,for producing a second waveform 

·. signal indicativ~ of a windowing function at a cycle 
. . ' . 

defined by second fr-equency information applied thereto; 

. third: waveform· Signal producing means arranged to be 

synchronously ·controlled by the second waveform producing 

means for rei:>.eatedly 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; modulatl.on means for applying the 

3 
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first waveform :signal as a modulation signal to the third 

··waveform signl:ll 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. 

' ' 

' 
' 

,A.ccording. to another a$pe~t 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 sigilal of .a frequency defined by first 

frequency information applied tbereto; second waveform 
. .· . . . . 

signal producing means for producing a second waveform 

.signal indicative of a.wi,ndowing function at a cycle 

.· defined by second frequency information applied thereto: 
' 

' 

' ' 

th,ird 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 wavefor~ signal at a shorter cycle than that of the 

·second .waveform signal; first modulation mearis for applying 

. the first wavefo.rm 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 wavefqrm signal; and means for multiplying the 

second and third waveform signals to produce a fourth . 

wav~form·signal as a musical tone signal. 

4 
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According t9·a still another aspect of the present 

·invention. there is proyided a musical. tone-signal synthe­

sizer which co~prises first waveform signal producing means 

for produ,cinga first waveform signal of a frequency 

defined by fi·rst frequency i.nformation applied thereto; 

. second waveform signal producing means for producing 

.a secoiidwaveform-signal indicative of a windowing function_ 

at a cycle defined by_secorid frequency.information applied 

thereto:· third waveform signal _p_roducing means arranged to 

be synchronously.co~trolled by the second waveform produc­

ing means for .repeatedly producing a third-waveform signal 

starting-from a predetermined phase a:t ~ach cycle of the 

second waveform sign.al at a shorter cycle than that of the 

se·co.nd wavefo_rm signal; means for mul;tiplying the _ s.econd 

and t)lird waveform_ signals to produce, a fourth waveform 

.- signal as a musical tone signal; and modulation. means for 

applying the fourth wavef.orm -signal as a modulation signal 

to the first· waveform signal producing means for modulation 

of the first -waveform sig_nal. 

In a practical application. of·t;he present invention; 

there- is provided a musical tone signal synthesizer which 

compris.es a flrst calculation unit including firs.t waveform 
- -

- signal produci~g means for producing' a first waveform 

-- signal of a. fr:equency -defined by first frequency informa-

· tion app~ied ~hereto and first-modulation means for modu-

_- lating 0 the firs:t waveform si_gnal by a.· first modulation 

signal applie~ thereto; a second. calculation unit_ including -

second waveform signal producing-JDeans for repeatedly 

Received Time 1 L ·Jan. 13 : 15 Print Time l L Jan. 13: 44 -
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producing 'a se.cond waveform signal indicativ~ of a window­

. ing function at a cycle .corresponding with a. frequency . 

. define·d by' second frequency. information applie.d: thereto. 
. . . . 

third waveform .signal producing means to b~ ~ynchronously 

co~trolled bythe seco:p.d waveform signal producing means 

· · .. for repeatedly prqducing a third waveform signal starting 

from. a predetermined .phase. at each cycle.of the second 

wav.eform signal l:lt a shorter. cycle than that of the second 

waveform signal,. means for multiplying the second and third 

waveform signals to produce a fourth waveform signal. and 

second modulation means f,or modulating the second and third 

waveform signals by a·second modulation signal applied 
. . . - . 

thereto; selective connection means for selectively ·con-

· n~cting an output·of the first caiculation unit to a modu­

lation input of. the .second modulation means in the second 

calculation unit. and for se.lectively connecting an output 

of the second calculation unit to a-modulation input of the 

first modulation means in the first calculation unit. 

where!~ the output sigilal.of the first or second calcu1a..:. 

tlon unit is output as a musical tone signal. 

For better unders.tan4ing of 'the. invention. and to show 

how the same may be carried into e:f,'fect~ reference will now 

be made. byway of examp1e. to the accompanying drawings, 

wherein the same ref'.erence numerals.denote the same ele­

ments: 

Fig •. 1.1s.a block.diagram of .a first embodiment of 

a musical tone s.ignal synthesizer in accordance w1 th the 

, present _invention; 

6 
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Fig. 2 illustrates wavefOrIQ. signals appearing at 

respective portions. of .the musical tone signal synthesizer 

shown in Fig. ~·; 

Fig. 3 ls .a spect,rum envelope view snowing the.occur­

rence condition of plural formants in the musical tone 

signal synthesized by the musical.tone signal synthe~izer 

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 meians of the musical tone si·gnal synthesizer 

of Fig~ 1; 

Fig. · 5: is. a 'block diagram of a: second eIQ.bodiment of 

a musical tone signal. syn1;:hesizer in accordance with the ·· 

'.()resent. inventi.on; 

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

-rence of plural formants. in a. musical tone signa1·synthe-

·Sized by· the musical tone. signal .synthesizer of Fig. 5; 

F1gs. ·7(A} and 7(B) each are a spectrum envelope view 

showing an·~xperimental result of syntliesis of a musi-cal 

tone signal by means· of the musical tone signal synthesizer 

of Fig. 5; 

Fig. 8 is a block diagram of a ·practical embodiment of 

a musical tone signal synthesizer adapted to an electronic 

musical instrument; · 
. . . 

Fig. 9 is .. a block diagram of a practical embodiment of 

·· each of the calculation· uni ts 20A and 20B shown in· Fig. s: 

Fig.· 10 illustrates various waveform signals produced 

. by . a standar.4 waveform producing circu1 t shown in Fig. 9; 

.7 
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Fig. ·11 is a. block diagram of a practical embodiment of . 
. . 

a calculation·unit 2op shown in Fig. 8; 

·Fig~ 12 illustrates signal waveforms at respective 

portions show:Q. in Fig. 8 for explanation of· operation of 

·the calculation unit 20C; 

Fig .. 13 illustrates. si_gnal waveforms at respective 

portions 'shown :1n Fig. 8 .for explana~ion of operation of 

the· calculat.ion unit·· 20C; 

Fig. l:-4 is a block diagramof a practical embodiment of 

each of the calculation units 20D and 20E shown in .Fig. a; 
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 a second 

~-~ample showing a. connected condi tioii of the calculation 

units 20A-20E; 

Flg. 17 l.s a functional block diagram of a ·third exam­

ple showing a connec:ted condition of the calculation uni ts 

·. 20A""."20E; • 

Fig, 18 is a functional blo.ck diagram of a fourth 

example showiµg a connected condition of the calculation. 

units 20A-:20E; 

Fig. 19 is a functional block diagram of a fifth exam­

ple showing a con.nected condition of the calculation uni ts 

20A-20E; 

Fig. 20 is. a .functional block,.diagram of a s~xth exam­

ple showing a connected eondition·of the calcul~tion units 

20A-20E; and ·· 

8 
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Fig.· 21 is a functional· bl·ock diagram of a seventh 

example. showing a connected condition of the calcuiation 

uni ts 2·0A.-20E. 

In· Fig. 1 of the drawings. there is. illustrated a block • 

. diagram of a first embodiment of a musical tone signal 
. . . 

synthesi·zer iii accordance with the pre~ent invention which 
. . 

includes first, second an.d thlrd wavefo~m signal producing 

portions.11,· 12 and 13. 'The f.irst waveform signal produc­

ing portion 11 is compr,ised of a phase da:ta producing 

circuit .lla:and a waveform memory llb. The phase data 

producing circuit lla .includes· an accum.U:la tor as a main 

component and is designed to accumulate frequency informa­

t.ion data FN applied there·to a:t each timing defined by 

a clock signal {not.shown) thereby.to successively output 
. . . . 

. the accumulat.ed ·value as a phase data indicative of· o ... .27r. 

When the accUm.ulated value becomes a.predetermined value 

(for· example, 2u.) • the phase data producing circuit lla 

restarts to accumulate frequency information data applied 

thereto.from an initial value (for example~ O). Thus, the 

.production cycle .of the .phase data is defined by the 

·applied.frequency information data FN and becomes short in 

.accordance wi'th an increase of frequencies represen'ted by 

the frequency information data FN, as shown by the charac­

ter "a" in Fig. 2. ·The frequency information FN 

corret;ponds. with a tone color designated by a tone color 

designation means suc;:h as a tone color selection.device, 

an aut~matic .PeJ:formance apparatus or the like and repre--

. ·se~ts a value-proportional to a tone pitch frequency or 

9 
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integ.er times the tone pitch frequency (in an audible band) 

of a musical tone to be ge~erated by a performance means 

such as a keyboard apparatus, the automatic performance 

apparatus· or th~ like. The ·Waveform memory llb is arranged 

.·to memorize .a number of sampling. data 1nd1ca.t1 ve of .. 

a. predetermined waveform (for in.stance 1 a sine wave). per 

one cycle. The samp.ling data are successively addressed 

by. the phase data appl.ied from the phase da.ta p·roducing 

·circuit lla. so that the waveform signal indicative of the 

predetermined waveform is read out as a first waveform 

signal "b" shown.in Fig. 2 from the waveform memory llb at 

a frequency defined by the frequency information FN. 

· Simil~rly, the s.econd waveform signal producing portion 

12 is comprised of a phase data p·roducing circuit 12a and 

a wavefor:n:i.memory 12b. The phase data producing c-ircuit 

12a includes ·an accumulator as a main component which is 
. . 

designed. to accumulate frequency information FP applied 

. tller.eto thereby to· successively output a phase data "c" 
. . . . . 

indicat.ive of the accumulated values 0..-2n as shown in Fig. 

2. In this phase data producingcir~uit 12a, the value of 

frequency information FP is.accumulated from an inttial 

·value (for instance, O) in: response to a key-on sign.al 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 wit.h a 

tone color. deslgnated by the tone col.or designation means 

$UCh as th~ tone color select.ion device, the automatic 

10 
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performance apparatus or the like and r.eP!esents a value. 

proportional to a tone pitch frequency.of a musical tone 

signal to be des.ignated and generated by the performance 

means or integer. times· the tone pitch ;frequency. The · 

frequency .information FP may be represented by a different 

value even if it is represent~d by the same value as ~he 

·. 'frequency information .FN. The waveform memory 12b .. is 

·arranged·. t~ memorize a number. of waveform sa,mpling :data 

ind1.cat1ve of a windowing function per one cycle. The 

sampl"~ng data are successively addressed by the phase data 

applied from the. pha~e. 4ata P.roduciilg · circu1 t 12a through 

an adder 14a so ·tha:t a waveform ~ignal indicative. of the 

windowing fu~ctioil. is read out as· a second waveform signal 
. . . . '• . 

. . 

"d" from the.waveform memory 12b at a frequency defined by 

the frequency ·lnforma,tion.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 1.3a and a wayeform memory 13b. The phase data 

pr.oducing .. cir<_:ui t 13 includes an accumulator as a main 

component.which accumulates frequency informationFC ap-

. ·plied thereto to successively output the ac:cumulated fre­

quency information as a phase data "e" indicative of 0-2n 

as Shown in Fig. 2. The.frequency· information FC is 

designated by the tone color designation means such as the ·· 

tone ·color. $election device, .. the automatic performance 
. . . 

apparatus or the like to represent .. a central frequency 

~osition of a fixed formant. The frequency information FC 

11 
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is repre.sented as a larger value than the frequency infor~ 

Jnation .FN, FP. Thu~, the production cycle of the phase 

qata in the phase dataproductng circuit_13a_is extremely 

shorter than· that.of the phase data by the phase data. 

producing circuits lla, 12a.. In the phase data producing 

· circuit 13a, the val.ue of frequency informat.ion F'C is · 

accumulated from an initial value (for instance, O) in 

response to. the key-on si_gnal KON and reset: by the· synchro­

nous s·ignal SY
0 from the phase da.ta. _producing circu1 t 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 indicative of a prede­

termin~d waveform (for instance, a sine wave) p_er one 

_cycl~.. The. sampling dat1,1 are successively -addressed by the 

1,>hase da_ta appli~d. fr(>m the phase data producing circuit 

13a through an adder 14b··so that a waveform signal indic.a­

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.Fe. 

The adders 14a, 14b are adapted to add the waveform 

.. data from the waveform memory llb to each phase d.ata from 
. . . . . . . . 

th~ phase data _-producing circu1ts.12a_and 13a. Since these 

adders· 14a. -14b each act as a modulation me~s. the first · 

_waveform.signal from the first waveform signal.producing 

portiOil..11 is applied· as.a modulation signal, while the 

second and third waveform signals from the second and third . 
. wavefor:m· s1grial producing portions 12 and 13 .each are 

1.2 

Re.ceived lime .11..Jan.13:15 Print T.ime 1 L J a n. 13 : 4 3 

141015 



.... · 

-!sa 01111 14:31. t!052 583 1925 . llASE PAT. -+-+-+ ELLA . iaJ016 

,.. 

applied with frequency mo.dulat1on. The waveform memories 

12b. and 13p .are. connected to· a multiplier 15 which multi­

p.11es the third waveform signal "f" from the third waveform 

. sign~! .. producing portion 13 by tlle second waveform signal 

."d".from the secondwavefo.rm signal producing portion 12 to 
. . 

output intermit.tently the. third waveform signal in accord"'." 

ance with the windowing function· represented by the second 

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

inte.rmitt~nt ·waveform signal· bas· a fixed formant ch,arac.ter-
. . . . . 

ist"ic wherein the center of·formant is located at.a posi­

tion· of a frequency defined by.the freql.1.ency information FC 

and wherein a plurality of .higher harmonics are included at 

an interval of a frequency defined by the f-requ.ency infor-

.ma:t1on · FP • 

The multiplier .15 is connec.ted· ·t9. a multiplier .16 which 

is aciapted to.multiply tlte waveform signal from the multi­

plier 15 by an envelope waveform signal from an envelope 

waveform signal produc~ng circuit.17-. When applied with 

the key-on.signal KON from the.performance means and. 

envelope information EGP from the tone color designation 

m,eans ~- the envelope waveform signal producing c1rcu1 t 17 

produces ·an envelope· waveform signal indicative of 

.an amplitude envelope waveform of a musical tone sign.al and 

applies it _to the multiplier 16.· 

Hereinafter, ·ope·rat:f,;o:Q of .. the musical tone signal 

syrithE;!sizer ·will be described in detaiL Wh.en the key-on 
. . . . . 

.. sign.al KON, frequency information FN, FP,. FC and envelope 

.. 13 
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lntormation EGP. are produced by operation of the perform­

ance. means and tone color designation means. the.first 

wave.form signal producing portion 11 outputs a first wave­

forn.a signal "b" as shown in Fig. 2 at a fre9u,ency repre.-

. sented by the frequency information FN, whil-e ·the second 

·waveform. signal ~roducing. circu1 t. 12 produce~s a. second 

waveform signal "d" .as shown in Fig. 2 at a frequency 

defined, by the frequency information FP as a carrier repre­

senting a windowing function modulated by the first.wave­

fc:>rm signal "b". In this instance. the third waveform 

signal producing circuit 13 produces a third waveform 

s.1gnal "f" as shown in Fig. ·2 at a frequency defined by the 

frequen~y information FC as a carrier. modulated by the 

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

signal:-s "d" .and ;'f" are multiplied by the multiplier 15 and 

applie.d as· a fourth waveform signal to the multiplier 16 . 

. ·. Dur:l.ng such operation of- the musical tone signal syn­

thesizer as describ~d above. the envelope. waveform .produc.­

ing circui.t 17 produces an envelope waveform signal desig~ 

na.ted by th~ envelope 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 

·the multiplier 15 to apply an amplitude envelope defined by 

the envelope waveform signal to the fourth waveform signal. 

thereby to prod11ce the fourth waveform signal as a musical· 

tone $1gnal. In the musical tone signal synthesi·zer, the 

. fourth waveform signal becomes. iden.tical -with a waveform 

signal modulated by the fir$t waveform signal "b" since the 

14 
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adders. 148., 14b act.to modulate the second and third wave­

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

·Before modulated.by the first waveform signal, the fourth 

waveform signal is al:r;'eady in the form of a, waveform signal 
. . . 

·which has a high level at a specific frequency region . 

. . de.filled by the frequency 1nforo1ation 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 muslcai tone signals synthesiz.ed under cond1- · 

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

Table 1 

. First waveform ·signal: 

waveform 

Frequency 

Amplitude level 

Rece.iv.ed Time Jl. Jan. 13:.15 . . 

15· 

Condition (1) 

Sine wave 

2200 Hz 

- 7 dB 

· Pr i n t Ti nie 

Condition (2) 

Sine wave 

22o·Hz 

- 17 dB 

11. Jan. 13 : 4 2 
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Second waveform signal: 

Waveform· 

Frequency. 

Band. width 

Third waveform signal: 

W~vef orm 

Frequency 

Fourth waveform signal: 
. . . 

Amplitude level 

-..,.continued...:-

Square 

sine. wave 

220 Hz 

50 Hz 

Sine wave 

4009 Hz 

Q dB 

·1 THIS SHcET HAS BEEN 
. RS:PU~CED 

t._ 

Square 

sine wave 

220 Hz 

50 Hz 

·Sine wave 

1008 Hz 

0 dB 

In the tabl.e .1. the band width of. the .second .waveform 

s·ignal represents a ·frequency width of 3 dB below a 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 funct:l.on). 

From the a_bove description, 1 t will be understood that 

a musical tone signal of a fixed formant characteristic 

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 

mul. tiplier 15 for forming .the fourth waveform signal~ th.e. 

first. wavefo~m signal producing portion 11 and the adders 

14a, 14bfor modulating the fourth waveform signal. Since 

each frequency position of the ·f.txed formants can be simply 

16 
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defined by each frequency of the first, seco:n,d and third 
\ 

waveform signals (each frequency defined by the frequency 

information FN, FP and FC), a music.al tone signal of 
. ' . . 

a desired formant charact.eristic comprised .of 

a· plurality of fixed formants can be· synthesized in 

a . simple manner. 

Al though in. the first embodiment of the mus:ical tone 

.signal synthesizer, all the first, ·second and third wave­

.. form ·signals have been. modulated in frequency. either one 

of the waveform signals may be modulated in frequency to 
- . 

modulate .the other waveform signals .in frequency._ In such 

a mod1f1cat1on, either one· of the adders.14a and 14b may be 

el·imina ted. 

Illustrated in Fig. 5 is a ~econd embodiment of 
. .· . . 

a musical tone signal· synthesizer ·in accordance wi~h the 

.·.present· ·invent.ion which includes first. second and th.ird 

·waveform sig;nal prodUcin_g port.ions 11, 12 and 13, mul tipli.,.. 

ers 15 alid 16 and an. envelope waveform producing circuit 1 7· 

provided substantially in the same manner as iii. the f lrst 

embodiment~ In.this ·second embodiment. the adders 14a and 
. . .. · 

·.14b. of the first embodiment are replaced .with an adder 1.8 

· whic~ is adap1;ed to .add a. fourth waveform signal in the· 

form of an output- signal of the mul_~ii>ller 15 to a phase 

data app:J.ied from th.e phase data producing circuit lla . 

. The ad,der 18 acts as a '.modulation Dleans for applying fre~ 

·quency Di.o.dulat!on to the t1r·sJ waveform signal. 

17 
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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, FP, FC and envelope information EGP, the 

second and third waveform ·signal producing por~ions 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 F-P, FC. The second and third waveform signals 
.... . 

"d" and "f.'' a-re multiplied by the multiplier 15 and -applied 
- -

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

hand. the first wavef'orm signal prqducing portion 11· 

produces a -first waveform signal "b" as shown i_n Fig. 2 as 

a ~arrier· at a f.requency defined by the frequency informa­

tion FN, and the adder 18 acts to. modulate the first wave­

form- s.ignal "b" by the fourth waveform signal applied 

thereto from the multiplier 15. Thus, the multiplier· 16 

acts to.multiply the modulated first waveform signal by 

an envelope wavef.orm signal. applied from the envelope 

waveform.generating circuit 17-thereby to produce a m:usical 

tone signal witli an amplitude envelope defined by the 

envelope·_ waveform signal. 

I.n such ~- musical tone sipal · as described above. 

a plurality of side band waves occur at opposite sides of 

a frequency of the f.irst waveform signal with an inteJ""val 

defined by the f.requency of the fourth .waveform signal. 

Provided that, the frequency component is inverted in 

phase. The ·fourth waveform signal is inherently in the 

18 

Receive·d Time 11. Jan. 13: 15 
- ' 

Print Time 11.Jan.13:42 



.• . '96 01/11 . 14: 34 ft052 583 1925 AIASE PAT. -+-+-+ ELLA la! 022 

... 

. . . . . 

~HEET ;_As BEEN 
l_:..__REPLAvEO 

form of a waveform signal having a fixed formant eharacter­

ist.ie shown by t}le character A in Fig. 6. and. including 

a plurality of higher harmonics components.the leve1·or 

which .ls higher at a specific frequency region. Thus, the 
. . . 

. formants included in the fourth waveform signal are aligned 

on a frequency axis,- and the first waveform signal modulat­

ed _by. the fourth waveform sigtiai becomes a ~aveform signal 

having.a.fixed formant·characteri,stic comprised of.the 

pl~ral formants ~s .sh<;>WJ1 in Fig~ 6. 

lllustr~ted in Figs. 7(Al and 4(B) are spectrum 
.~ . . . 

·.envelopes. of. musical tone signals· synthesized linder condi-

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

First waveform· signal: 

Waveform 

.Frequency· 

Am.Plitude level 

Second.waveform signal: 

Waveform 

·Frequency 

Band w_i dth · 

··Third· waveform· signal: 

wave:f orm 

Frequency 

Fourth .waveform.signal: 

Am:Pl.1 tude lever · 

Table 2 

19 

condition .Cl) 

Sine wave 

220 Hz 

- -17 dB 

Square 

sine wave 

110 Hz 

50 Hz 

Sine wave 

·4009 Hz. 

0 dB 

Received Time ll J a n. 1.3 : 15 . . Print Time 

Condition (2) 

Sine wave 

440 Hz 

- 17 dB 

Square 

sine wave 

110 Hz 

. 50 H~ 

Sine wave 

4009 Hz 

0 dB 
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In· the table 2, the band width .. of. ·the second waveform 

s,ignal ls. the same as in the first embodiment. 

From the above description, it will be understood that 

in 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 

··me.ans of. the .second and third waveform signal producing 

portions 1:-2 and 13 ,· the multiplier 15 ·for forming the 

fourth wave:torm' signal, the fi:rst waveform signal producing 

portlon 11. fot.producing.the musical tone.stgnal modulated 
. . 

·.by the fourth .waveform sign.al and the adder 18 for modula-

tion. of the musical tone signal. Since ea:ch frequency 

position of the plural formants is simply defined by each 

··frequency .of· the first, second and third waveform signals 

Ce.a.cl) f'r.eCJ,uency defined by the .frequency information. FN. 

FP, ·Fe) , a musical tone signal having a desired' formant 

characteristic comprised of a plurality of fixed formants 

can be; synt.hesized in a simple manner. 

Although 1ri the first and second embodiments, it is 

desirable.that.each fre9uency of the .first and second 

waveform signals ls set ·in a relationship of about integer 

times for obtaining a scale note, such a relationship 

bet.ween 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 e.quipment or the like. 

20 
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Although in the first and secon<l embodiments, frequency 

·modulation has been utilized, phase modulation of the ~ 

fourth wav.eform signal (the second or third waveform sig­

nals) may be effect·ed by th~ first waveform signal .or phase 

modulation of tb.e 'first waveform signal may be effected by 

the fourth waveform signal since a sim,ilar.result can be 

obtained by eJt.her the phase or frequency modulatton. In 

·.the case that ·a Jarge number. of formants ar.e not· required, 

amplitude modulation of the fourth waveform signal (the 

· secon~ or third waveform signal) or the first waveform 
. c . 

signal may be effected by the first or fourth, waveform 
. .· . 

signal. 

Practical application: 

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

tronic musical instrument equipped with the musical ton~· 

si"gnal synthesizer in accordan~e·with the present.inven­

tJon •. The electronic musical -instrument includes five 

. calculation units 20A-20E respectively ·for calculation of 

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

providedwith an input terminal·to be applied·with various 

control parameters PAR· for· production of the ·waveform 

sigria~ and a key-on sigrial KON from a controller 21 and 

outp1,1t·termlnals 01, 02 for applying a calculated waveform 

signal to an output selection circuit 22. In a,ddi tion, .the. 

calculat!on unlts 20A, 20B each are provided with an input 

terminal M to be.applied with a modulation s:i.gnal from 

an. input sel~ction ci~cui t 23, the calculation unit 20C .is 

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

21 
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modulation signal from the· input selection circuit 23, and 

the calculation· units 20D, 20E each are provided with . 
. an input terminal Cl to be applied a carrier signal from 

the input selection .circuit 23. 

The. controller.21 is designed for control of the calcu­

lation units 20A-20E a,11:d. the output and input selection 

circuits 22 and 23. In operation, the controller 21 

applies a kE!)y-on signal KON to.the calculation units 20A-

20E 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 

·by .operatic~ of the tone color selection device 25 to apply 

the control parameter PAR to the calculation units 20A-20E 
. . . . . 

and to apply t~e control parameter CPAR to the output and 

input· sel·ect.ion circuits 22 and 23. Tbe controller 21 i·s 

connected·to an external information input/output device 21 

which controls the control parameters PAR an.d CPA.R and key­

on .signal KON applied to and from another electronic musi­

cal instrl,lment, an automatic performance apparatus and 

an acoµstic instrument. 

The output.selection circuit 22 is adapted to select 

and/or mix w~veform ~ignals applied from the output termi­

nals 01, ·. 02 of ea.ch of the calcula.tion uni ts 20A-20E in 

· acco:rdance with the control parameter CPAR from . the con­

. troller·21 thereby to output the selected and/or mixed 
. . . . . . 

waveform signals as a musical tone ~igna,l or feed back the 

22 
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selected and/or mixed waveform 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 ter~inals M, Ml, M2 of calculation 

uni.ts· 20A-20C or the input terminals CI of calculation 

units 20D, 20E. 

As. shown .in· F.ig. 9, e1,1.ch of the calcula.tion uni ts 20A-

20B includes a ·Phase data 1>roducing- ··circuit 31, .an adder 

32, a wavef OJ;"m memory 3.3a ~. a multiplier 34 and· an envelope 

·waveform producing circuit ;35 wllich correspond respectively 

with the phase data producing circuit lla, adder 18, wave-

.. form memory llb~ ·multiplier. 16 an.d envel()pe waveform pro"'.' 

dU.CiI).g circuit· 17. in the second. em,bodiment shown in Fig. 5. 

The phase data producing circuit 31 . is conne·cted to 

amultiplier36 to be applied with a multiplied value 

MULT FN of·· the frequency information FN and frequency 

coefficient MULT for.repeatedly producing a phase data at 

a cycle reverse],.y proportional to the multiplied value MULT 

FN. The·adder 32_is adapted to ,add a modulation signal 

. applied from the exterior through the modulation wave input 

terminal ·l\j to·the phase data from ihe phase data producing 

·circuit 3], a.,nd to add a waveform.signal-fed back from the 

multip.lier .. 34 through a multiplier 37 to .the phase data.· 

.With such arrangement of the adder 32, a feedback frequency 

modulation can be effected,· and the f·eedback amount of the 

waveform signal is determined by a 'feedback gain FBG ap­

pl_ied to ·the mul tipller 37. 

23 
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. The wav.eform memory 33a is included in a standard 

waveform producing circuit 33 to be addressed by the phase 

·data from the.phase data producing circui~ 31. The stand­

ard waveform producing-circuit· 33 further.includes variou,s 

kinds of c_alculation circuits and a. selection circuit .other 

than -the waveform memory 33a_ to selectively produce'various 

kinds of· waveform signals in accordance with waveform 

selection information WS applied thereto as-shown in Fig. 

·10. Tne multiplier ~4- is adapted to apply an amplitude 

envelope. to ,an· output waveform signal o-f the stan·dard 

waveform producing_ circuit 33 in ~esponse to an envelope 

.waveform .signal produced by the envelope waveform producing 

circuit 3f;. The waveform sign.al with the· amplftude 

envelope is output th_rough the output· term_inal .01. The 

.output waveform signal of :the_standard waveform producing 

circuit 33 is also Output through the output terminal 02 

without being applied withany amplitude envelope. The 

control .paramete;r 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-

. tiqn units 20A, 20B each are responsive to the key-on 

sign.al to p·roduce a ·waveform signal having a frequency . 

-defined the frequ;ency ·infor~~tion FN and coefficient MULT 

and.a higherharmonics-component corresponding with the 

waveform selection · 1nfo·rmation WS and to modulate the 

produced waveform sign.al by the modulation signal and/or 

the 'feedback signal applied to th~ modulation wave input 

terminal M for producing various kinds of waveform sign~~s 

24 
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As shown in. Fig. 11, th~· calculation unit 20C includes 

phase data producing circuits4la,·41b, adders42a, 42b, · 

:windowing·. function waveform producing.circuits 438.. 43b. · 

···phase data producing circuits 44a,, '44b, adders 45a, 45b, 

standard.waveform :i;>roducing circuits 46a. 46b, multipliers 

·· 47a, 47b, · a multiplier 48 ·and ·an envelQpe waveform produc­

.!ng circuit·· 49 which correspond respect! vely with the phase 

data prq.ducing circuit 12.. adder 14a, waveform memory 12b, 

phase data ·producing circuit 13a, adder 14b, waveform· 

memory 13b, multiplier 15, mul~lplier.16 and envelope 

·~aveform·generating circuit 11·~n the first embodiment shown 

in Fig. 1. In this calculation unit 20C, the.windowing 

•· function waveform prod~cing circuits 43a. 43b each include 

·a waveform memory addressed by phase data "cl", "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 calculat.ion circuit for converting an output 

waveform· of the waveform memory. .With the waveform memory 

and calculation cir.cui t, the windowing function -waveform 

producing circ'1it 43a; 43'b each act to produce a windowing 

functi9n.wayeform signa:,_ 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 ph~se. data and the character SK'l' .represents 

.a ·control 1nformation 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 

25 
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:wid,th:in accordance-with an increase of the skirt portion. 

The-standard waveform producing circuits 46a, 46b each are 

composed in the same construction as .those in the calcula­

tion 1,lnits 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 20C, each ~ircuit for ~roducing 

the waveform signal having the fixed formant characteristic 

ls provided respectively in pairs so that the time width-of 

the w:i,ndowing function can be set by two :times a: cycle 

defined by the frequency infor-mation 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 so that the pair of phase data 

producing circuits 41a,_4lb.each act to produce a synchro­

nous signal SY-and phase-data "cl", "c2" different in 

a phase of n as shown iil Fig. - 12. Additionally; 

a pair of phase qata producing circuits 52a, 52b are 
- . 

provided to continuous-ly change the time width of the 

windowing function. The phase data producing circuits 52a, 

52b are a~plied with time width information BW for succes-

·. _ sively: accumulating the. tim~ 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 

waveform pro·ducing. circuits 43a. 43b). the phase data 

pl-od~cbi.g cir.cul ts 52a. 5_2b- cease accumulation of the time 
,· -

width information and restart to accumulate the timewidth 

26 
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information from an initial value (for instance,"O"J in 

response to the synchronous signals SY applied from the 

phase data producing circuits 41a, 41b. 

A. pair of c·omparators ·53a.. 53b are provided to -compa:re 

the phase data from the phase data producing circuits_41a.~ 

4.lb with the phase data from the phase data producing 

· circuits 5,2a, 52b for producing a h~gh level signal "1" 

when the latte.r phase data are more than .the former phas_e 

data and for producing a low level signal "O" when the 
. ·'. 

··latter phase dat·a are less than the former phase data. 

A pair ot~ 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. signal "1" and to 

s.elect t_he phase· data of the phase data producing circuits 

41.a·. 41b when applied with the low level signal ''O'~. 

·Accordingly, if the. tiJJJ.e width information is less th'an 

two times the cycle defined by the frequency information. 

FP •. the inclination of the phase data "dl", "d2" from the 

phase data producing circuits 52a, 52b increases more than 

that of the phase data "cl", "c2'' from_ the phase data 

producing circuits 41a,. 41b as shown in .Fig. 12. As · 

a result •. the· selector circu:i, ts 54a. 54b. act to apply the 

· phase data fr9m 1;he 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 1 s 11;1ore than two times the cycl.e 
. . . . . , . 

·.defined by ·the frequency information FP, . the inclination of 

27 
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the phase data "cl", "c2" from the phase data producing 

circuits ·41a, 4l.b increases.more than that of the phase 

data "dl", "d2" from the phase data producing circuits 52a, 

52b. 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 producin_g circuits 43a-, 43b through the 

a,dders. 42a, 42b. Thus, the time width of the windowing 

function is variabl;v controlled in such a manner that the • 

maximum time widtl;J. of· the windowing function is variably 

controlled to be two time!il the cycle defined by the fre­

quency informat;ion FP. To further.prolong the maximµm time 

wi_dth of .th~ wind.owing tunction, the respective circuits in 

the. c~lculat.ic>n unit 20C are. provided in more than three 

pairs • 

.In. the calculation unit 20C composed in pairs, 

a wavefo_rm signal of a frequency defined by the frequency 

informati.on FC is intermittently output from each of the 

multipliers 47a, 47b. in response to a windowing function 

waveform signal at a cycle of two times.the cycle defined 

by the frequency information FP. Both the output waveform 

·signals are modulated by each mod,ulati_on signal supplied to· 

the moQ.ulation wave input terminals Ml, M2 under control of 

the adders 42a, .42b; 45a, 45b. When output signals of the 

mu_l tipliers 47a. 47b are mixed at an adder 55, the. waveform 

. stgnal is intermittently produced.at the cycle defin.ed by 

the frequency information FP. 

28 
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The output waveform signal of the adder 55 .is· output 

from the outp_ut terminal 0-1 after applied with an amplitude 

envelope "in r.esponse to an envelope waveform signal. pro-

. duced by the envelope· waveform. signal producing circu_i t 49. 

The· output waveform signal of- the adder 55 is also output 

.from the· output terminal 02 without· being app_lied 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 SK1', WEJ.Veform selection information WS and envelope 

· information EGP > Thus, the calculation unit 2oc is 

responsive to the key-on ·~ignal KON to produce a -waveform­

_signa~. hav1n.g a -fixed formant characteristic defined by the 

· fr~quency information _FC, time-width information BW and 

skirt portion _co~troL information SKT and a plurality of 

higher·harmonics components defined by the frequency ·infor-

. ma ti()n FP and wavetorm -·selection signal WS and to modulate 

the produced waveform signal by the modulation signal 

applied to the modulatioil wave input terminals Ml and M2 

for producing various modulated· waveform signals with-an 

amplitude 

envelope. 

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

each are provided with a white noise producing circuit 51 

· · for proc;Lucing a white noise. ·The white noise from· the 

·. white n_otse pr_Qducing: circuit 51 is supplied to a multipli­

er 55 through a iow~pass tilter 52,'an adder 53 and 

a correlative ne>i.se p~oducing circuit 54. The low-pass 

29 
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f.llter 52·is adapted to pass only a low frequency·component 
. . 

i.ncluded in the white noise therethrough for producing a 

noise signal having a formant at a low frequency region. 

W1 th the low-pa_ss f11 ter 52, the skirt portion .of the 

formant at t.he. low frequency region can be controlled by 

the skirt portion control information NSK. The adder 53 is 

adapted to add a direct. current component NRS to the white 

nQise passi-ng through the low-pass filter 52 for rising a 

peak of the formant.. The magnitude of the formant peak is 

determined _by the direct current component NRS. The cor­

relative noise producing circuit 54 ls adapted to apply 

correlation to the noise -applied with the direct current 

co~ponent NRS for further changing the formant characteris­

tic~ The'band widtll of the formant is variably controlled 

· by band width informa.tion NBW. 

141033 

The mult.1plier 55 is applied with a waveform signal 

from a standard waveform producing circu:(t 56 through a 

selector circuit 56 or a carrier signal from the selector 

cir.cult 56. The standard waveform producin.g circuit 56 is 

the 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 ~ead 

out a waveform signal therefrom and to change the read out 

wavefqrm signal iil accordance with the waveform selection 

information WS ~ . The phase ·data pr~du_cing circuit. 58 is the. 

same the·phB:Se data prodUCi:Q.g circuit 31 in each Of the 

calculatio~ units 20A, 20s, which is adapted to repeatedly 

produc~ a .phas~·dataat a_ cycle defined by the frequency 

30 
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information NF. ··The selector circuit 57 is adapted to 

selectively. output a 9arrier.signal applied at its input 
. . . 

terminal CI in response to carrier wave selection informa-

tion CS:EL of high level "1 .. · and to sele.ctivelY output a 

waveform ~ignal .. from .the standard waveform producing cir­

cuit 56 .. · The multiplier. 55 :ls ad~pted to multiply the . ·.· .· . 

noise signal from· the correlative noise producing cir~uit 

54 by the waveform signal· from the selector·. circuit 57 . 

.. TJlus •. a noise signal· having. the formant is obtained at a 

i;>Osition adjacent the frequency position of the-waveform 

·signal from the selector :circuit 57. 

The output of multiplier &5 is multiplied at a multi-

.. plier by an .envelope waveform signal .p.roduced by the en­

velope waveform producing circuit. 6.2 and is output from ·the 

output term.inal .01. The output signal of Diul t-ipli.er 55 is 

···output· from the output termir_ial 02 without being applied 

with any&mplitude envelope. The control·parameter PAR 

supplied from the controller 21 includes· the. skirt portion 

. control information NSK, direct current .component NRS, band 

wldth information NBw,·waveform.selection information ws . 
. . . carrfer wave selection Information CSEL. frequency informa­

tion NF.and envelope information EGP. Thus,· the calcula­

tion .uni ts 20D, 2.0E each are responsive to the key-on 

signal KON to produce a noise signal having a fixed formant 

characteristic defined by the skirt _portion control infor­

mation NSK, dire·ct current component NRS and band width 

information NBW at a frequency· posi.t.ion defined by the 

·frequency information NF and waveform selection signal WS 

·'· 
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or a. frequency position of the carrier ~ignal appli,ed at 

its carr1er·wave input term!nal .CI and to output the noise 

. signal after-applied with, an aJ11plitude envelope. 

Assuming. that in operation of ·the electronic musical . 

instrument ·described 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 

c_olitroller 21 reads out the control.. parameters PAR. CPAR 

from the parameter memory 26 to supply.th~ control parame­

ter PAR to the calculation units 20A~20E respectively and 

to supply the·. control parameter CPAR to· the output an~ 

input se:i.ect:i.on_circuits 22 and 23. In response to the_ 

control parameter CPAR, the.output and input selection 

circuits .22 and 23 act to connect the calculation uni ts 

20A-20E as shown in F_ig. 15. Thus. the calculation uni ts 

20A-20E each are conditioned to ex_ecute calculation of 

waveform signals applied thereto in accordance with the 

control parameter PAR. In such a connected condition of 

the calcula~ion units 20A-20E, an adder 71 is contained in 

the output selection circµit 22 to mix waveform signals 

app],ie_d thereto, and an· adder 72 is contained in the output 

select.ion· c1rcui t _22 or the input selection circuit 23 to 

mix waveform signals applied thereto. 

When.applied with a key-on signal KON indicative of 

designation of a musical tone signal fr()m :the keyboard 

deviQe 24 or t.he external information input/output device 

27, the calculation units 20A-20E are activated. In the 

32· 
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connected-coriditi?n shown''!n.Fig. 15, waveform signals 

produced by, the calculation uni t·s ~OA and 20B are mixed at 

·.the adder 72 ~nd supplied to the modulation wave input. 

··terminals Ml andM2 of the calculation unit 20C. Thus. 

a waveform signa.l of a fixed formant characteristic is 

produced l>Y the ·calculation unit 20C and modulated .. in 

· . · · . frequency l;Jy the. mixed waveform signals from the. calcula­

tion :units 20A and 20B to output a waveform signal having a 

fixed f<?J;"mant characteristic comprised of a plurality of 

formants through the adder 71. · . In this instance. noise 

.signals,eachl:).aving a f~rmant characteristic from 'the . , ,. . . 

· ·. · calculation units. 20D and 20E are mixed with the output 

·waveform si~al from the calculation unit 20E at the.adder 

· 71. .In addition, the o:ut:Put 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 anothe_r tone color. the calculation 
. . 

uni ts 20A...;20E are conne·cted as. shown in. Fig. 16. In such 
. . . . . 

a:.connected condi t.ion. as shown in. Fig. 16, an adder 7.3 is 

conta.ined in the output selection circuit 22. to m:ix output 

wayeform.signals f~om the calculation units 20A, 20C. 20D 

and20E. In this 10,stance, a waveform signal of a fixed 

. formant characteristic· produced by the calculation unit 20C 

·is Diodulat.ed 1.n frequency. by a: waveform signal from the 

calculation uni.t 20B to.output· a waYeform signal having a 

fixed fo'i·ma,nt characteristic comprised of a plurality of· 

fprmants through the adder 73 as in the first embodiment. 

33 
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When the co:ptroller 21 is applied wi:th a selection 

signal :indicative of another t.one color·, the calculation 

units 20A-20E are connected as shown in Fig. 17 orl8. In 

such a connected cond1t1on as shown in Fig. 17 or 18, an 

adder 74 or 75· is contained in the output selection circuit 
. . . 

. 22 to mix output waveform signals.from the calculation 

units 20A, 20B, 20Dand 20E.· In this instance, the wave­

f.or(Jl signals produced by the calculation unit~ 20A, 20B or 
. . 

·the waveform signal produced by.the calculation unit 20A 

are. modulated .in frequency by the waveform signal having 
. . . . . . 

·.a. fixed formant characteristic. from. the calculation. unit 

20C so that a waveform sign~l having a fixed formant char­

acteristic compri.sed of a. plurali,ty of formants is output 

through thea~der 74 or 75 . 

When the controlier· 21 is applied with a selection 

sign.al indicative ot another tone color, the calculation· 

units 20A~2oc are. connected in series as shown in.Fig. 19. 

In such a conneGted condition ·as shown in Fig. 19, 

an output waveform signal of·the calculation unit 20B is 

modul.ated in frequency by a waveform signal produ,ced by the 

calculation unit 20A, and a waveform sign.al of a fixed 

formant characteristi.c p.roduced by the calculation unit 2oc 

ls modulated ln .frequency by the modulate.d wav~form signal 

. from the calculation unit 20B. In a connected.condition· 

shown in Fig. 20 •. a waveform.signal of a fixed formant 

characteristic prqduced by the calcul~tion u:p.it 20C is 

mo.dula.ted in frequency by a waveform signal applied from 

the calculation unit20A, and a waveform signal· produced by 

34 
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the calculation unit 20B is modulated in frequency by the 

.. modulated waveform signal froni tlle calculation unit 20C. 

Accordingly. ·in the connected condition shown 1.n Fig. 19 or 

20. it is able· to synthesize a musical tone signal having 

a fixed. f·ormailt character.lstic comprised of inore complicat­

ed formants than those in the first and second embodiments. 

In th_e case that ,the calculation units 20A-20C. are 

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

by' the _caiculation unit·20C is modulated in frequency by 

waveform slgnals_prodµced by the calculation unit 20A and 

.20B •. In this .instance. the calculation unit 20.C is applied 

.wfth different.waveform signals. at its modulation wave 

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

having a· fixed formant· characterist;l..c ,comprised· of compli.-

-cated formants can be.synthesized. 

Consequently, in the electroni-c musi~al instrument. 

a waveform. signal having a·fixed .formant characteristic 

comprised of complicated. formants can be obtaine.d in 

a si111Ple manner as in the first and second embodiments. 

In the electronic musical instrument~ the calculation units . 

20A-20D can be selectively connected in various conditions 

by means of f-µnction of the output selectioncircl,lit 22 and 

· input selec.tion circuit 23. This is useful to· synthesize 

. vari.ous kinds of musical tone signals in the form of" 
. . 

· .. a waveform· signal having a fixed formant characteristic 

comprised o'f complicated formants in a simple manner. 

35 
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Al though in the fo·rego_ing embodiments and application 

the calculation· uni~ 20C h_as been adapted to produce 

. a waveform signal of .a fixed formant characteristic, 

. a plural! ty of the. calculatlon. uni ts may be provided to 

modulate in frequency a waveform signal of a fixed for~ant 

characteristic by a waveform .signal of a fixed formant 

characte.ristic. · In addition, the frequency modulation may 

.. be replaced with phase modulation or amplitude modulation. 

·Although in the foregoing embodim_ents, the· calculation 

. units 20A-20E each have been composed of a hard c:J.rcuit, 

the . calculation uni.ts each may be composed of a digital 

·signal processing ~irc.ul t the calculation of which is 

executed by a microcomputer. _Alternatively, the calcula..;, 

tion units 20A~20E each may.be composed of a calculation 

circuit of the time divisional mul t.i-channel type to simul­

taneously synthesize-a plurality of musical tone signals. 

Although in the foregoing.embodiments, the control 

parameters PAR, CPAR changed In 11ccordance with designation 

· 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. 
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1. A musical tone signal syµ:thesizer com,prising: . 
. . 

first waveform signal p.roducing means for :producing 

a f ir~t w~veform signa~ of a frequency defined by first 
. . . . . 

frequency information applied thereto; 

s.econd waveform signal. producing. means for producing 

a second waveform.signal indicative of a windowing function 

at a cycle defined by .second frequency info.rmation applied 

thereto;· 

third waveform signal producing means arranged to be 

synchronously controlled by said second waveform P.roducing 

means for repeatedly producing a third waveform signal 
.. . 

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

:second.waveform signal at a shorter·cy-cle than that of the . 

.second waveform signal; 

modulation means for app_lying the f'irst waveform signal 

as a modu],.ation signal to said second waveform·signal 

producing means for modulation of the second waveform 

. signal; and· 

means for multiplying the second and third wave'form 

Signal$ to prOd1:J.Ce- a .fourth waveform signal as a musical 

ton.e s;l..gnal. 

2. A musical tone signal syntbesizer comprising: 

first waveform signal producing.means for producing 

a fi.rst waveform signal of a frequency defined by first 

frequency information applied thereto; 

.second waveform signal .producing means for producing 

37 
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·second waveform -signal. P:roduci_ng means for prod~cing 

a second waveform signal indicative of a windowing function . 
at a cycle defined by se_cond frequency information applied 

-thereto; 

th1r4 waveform signal producing me_ans arranged to be 

synchronously con.trolled 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 cyc_le than that of the -

second waveform signal; 

mQdulationmeans for-applying the -first waveform signal 

as a modulation signal to said third waveform signal 

pro~ucing 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 wavefol"m signal_producing means for producing 

a first waveform signal of a f'requency·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 informati<,>n applied 

_ thereto; 

third waveform signal produclng_means arranged to be. 

synchronously controlled by said second waveform producing 

means for repeatedly producing· a third waveform -s-ignal 

' \11\11\ "'"' 111\l '"" " '"' * C L M S * 
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.·. starting from· a predetermined phase at each cycle of the 

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

second waveform: signal; 

first DiodUlation means for .applying the first waveform · 

signal as a modulation signal to.said second waveform 

signal pr<?ducingmeans for modulation of the second wave­

form signal; 

second modulation means for· applying the first waveform 

signal as a modulat.ion signal . to said third waveform signal 
. . . 

producing means for.modulation of tlie third waveform 

·signal: and 

means for multiplying the second and third waveform 

sig;nals to produce a four.th ·waveform signal as a musi.cal 

. tone si:gnal. 

4. A musical tone signal synthesizer comprising: 

first waveform signal producing means for producing 

a first wavef.orm signal of a frequency .defined by first 
. . . . . 

. freq~e:ncy. 1.nformation applied thereto; 

second waveform signal ·producing means for producing 

a se.cond waveform. signal· ind1cati ve of a windowing function 

at a cycle defined by second frequency information applied 

thereto,i 

third.waveform signal Pl".~ducing means arranged to be 

sychronouesly 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 ata shorter cycle than that of the 

second waveform signal; 
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means for multiplying the second and third waveform 

. signals t.o PI".oduce a fourth waveform signal as a musical 

tone signal; .and 

. modulation means for· applying the fourth waveform 

signal as a modulation· signal to said first waveform ·signal · 

.produc;lng me~~ .for modulation of·. the first waveform 

signal. · 

5. A musical tone si"gnal .synthesizer comprising: 

a firs"t; calculation unit including first waveform 

signal pr~ducingmeans. for producing a first waveform 

signal of a frequency defined by first frequency 1nf orma­

tion appl:[.ed. 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 repeatedly p_roducing a second 

w:ave"form signal indicative of a-windowing function at· 

a cycle corresponding with a frequency defined by second 

frequency infprmation applied thereto. third waveform pro 
. . . 

ducing means to be synchronously controlled by said second 

waveform signal produci,ng means for repeatedly producing a 

third waveform signal ~tarting from a predetermined phase 

at each <?YCle of the second waveform signal at a shorter 

cycle than that of the second waveform signal. means f·or 

multiplying the second and third waveform signals to pro-:­

duc.e a fourth waveform signal and second modulation means 

for modul.ating. ~he se.cond and_ third waveform signals. by a 

second ·modulation signal applied thereto; 

40 
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selective connec1;1on means for· selectively connecting 

an output.of .said firE:Jtcalculation·unitto a m,odu].atio~ 

input of Said se.cond moqulation means in ·said second calcu-
. . 

].at1on .unit and for select~vely connecting an output of 

-said· second calculatiori unit to a· modulation input of said 

.. first modulat:l.on means·tn said first calculation unit; 

wherein the output signal of said first or second 

calculation.unit is output as a mus1cal tone ·signal . 
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