
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 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
synthesizer 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 windowing function waveform signal
is repeatedly 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 tone 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  wherein a waveform signal is 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 is                                       2 



produced as a modulation 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 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 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 frequency
defined by  first frequency information applied thereto; second wave-
3   form 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
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 first waveform 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 third waveform signals to
produce a fourth  waveform signal as a musical tone signal.       According
to an 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
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 signal at a shorter cycle than
that of the second waveform signal; modulation means for applying the
4.   



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.       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 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 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 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.
5      According to a still another aspect of the present  invention, there
is provided a musical tone signal synthe-  sizer which comprises 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 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 second waveform 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 signal
producing means for modulation  of the first waveform signal.       In a
practical application 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 frequency informa- tion applied
thereto and first modulation means for modu-  lating the first waveform
signal by a first modulation  



signal applied thereto; a second calculation unit including second waveform
signal producing means for repeatedly
6    producing a second waveform signal indicative of a window- ing
function at a cycle corresponding 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 second waveform signal,
means for multiplying the second and third waveform signals to produce a
fourth waveform signal, and second modulation means for modulating the
second and third waveform signals by a second modulation signal 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 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 drawings, wherein the same
reference numerals denote the same ele- ments:     Fig. 1 is a block
diagram of a first embodiment of 



a musical tone signal synthesizer in accordance with the present invention;
7       Fig. 2 illustrates waveform signals appearing at respective
portions of the musical tone signal synthesizer  shown 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 musical tone signal synthesizer in accordance
with the  present invention;     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 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  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 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;      



Fig. 11 is a block diagram of a practical embodiment of  a calculation unit
20C shown in Fig. 8;     Fig. 12 illustrates 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 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  example showing a connected condition of the calculation  units
20A-20E;     Fig. 17 is a 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  example showing a connected
condition of the calculation 



units 20A-20E;     Fig. 19 is a functional block diagram of a fifth exam-
ple showing a connected condition of the calculation units  20A-20E;
Fig. 20 is a functional block diagram of a sixth exam- ple showing a
connected condition of the calculation units  20A-20E; and
9   



Fig. 21 is a functional block diagram of a seventh  example showing a
connected condition of the calculation  units 20A-20E.       In Fig. 1 of
the drawings, there is illustrated a block  diagram of a first embodiment
of a musical 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 11
is comprised of a phase data producing circuit ila and a waveform memory
llb. The phase data  producing circuit 11a includes an accumulator as a
main 



component and is designed to accumulate frequency informa-  tion data FN
applied thereto at each timing defined by  a clock signal (not shown)
thereby to successively output  the accumulated value as a phase data
indicative of 0-2[err].  When the accumulated value becomes a predetermined
value  (for example, 2[err]), the phase data producing circuit 11a
restarts to accumulate frequency 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 like and repre- sents a value proportional to a tone pitch frequency
or                                       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 11b is arranged  to 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  circuit 11a 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 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 12a and  a waveform
memory 12b. The phase data producing circuit  12a includes an accumulator
as a main component which is  designed to accumulate frequency information
FP applied  thereto thereby to successively output a phase data "c"
indicative of the accumulated values 0-2[err] 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                                        11
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  



means or integer times the tone pitch frequency. The  frequency information
FP may be represented 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 a
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 0-2[err]  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
12   is represented as a larger value than the frequency infor- mation FN,
FP. Thus, the production cycle of the phase  data in the phase data
producing circuit 13a is extremely  shorter than that of the phase data by
the phase data  producing circuits 11a, 12a. In the phase data producing  



circuit 13a, the value of frequency information FC is  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 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 indicative of a prede-  termined 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 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 11b 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, while the   second and third
waveform signals from the second and third   waveform signal producing
portions 12 and 13 each are    



13    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 windowing 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 plurality 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
waveform 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 means, 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 the
multiplier 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        



14    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 information FN, while the second
waveform signal producing circuit 12 produces 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- 



form signal "b". In 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 as 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 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 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 first waveform signal "b" since the
i5   



adders 14a, 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 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 (1)    Condition (2) First
waveform signal: Waveform                     Sine wave        Sine wave
Frequency                    2200 Hz          220 Hz Amplitude level
- 7 dB            - 17 dB     



16                           --Continued--  Second waveform signal:
Waveform                     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 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 function).



From the above description, it 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
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                                       17 



defined by each frequency of the first, second and third waveform signals
(each frequency defined by the frequency  information FN, FP and FC), a
musical tone signal of  a desired formant characteristic comprised of a
plurality of fixed formants can be synthesized in  a simple manner.
Although in the first embodiment of the musical 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 modification, either one of the adders 14a 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  waveform signal producing portions 11, 12 and 13,
multipli-  ers 15 and 16 and an envelope 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 output signal of the multiplier 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.
18      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 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 multiplied 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 16  acts to multiply 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
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 phase. The fourth
waveform signal is inherently in the  



19    form of a waveform signal having a fixed formant character-  istic
shown by the character A in Fig. 6 and including a plurality of higher
harmonics components the level of  which is 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 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: Waveform
Sine wave         Sine wave  Frequency                    220 Hz
440 Hz Amplitude level              - 17 dB           - 17 dB Second
waveform signal: 



Waveform                     Square            Square
sine wave        sine wave Frequency                    110 Hz
110 Hz Band width                   50 Hz             50 Hz  Third waveform
signal:  Waveform                     Sine wave         Sine wave
Frequency                    4009 Hz           4009 Hz Fourth waveform
signal: Amplitude level              0 dB              0 dB         



20    In the table 2, the band width of the second waveform  signal is 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  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 for
producing the musical tone signal modulated  by the fourth waveform signal
and the adder 18 for 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 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 desirable that each
frequency of the 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.



21       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 by  the fourth waveform signal since a similar result can be
obtained by either the phase or frequency modulation. In 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:      Illustrated 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 20A-20E each
are  provided with an input terminal to be applied with various control
parameters PAR for production 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 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 calculation unit 20C is  provided with
input terminals M1, M2 to be applied with the
22  



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 input selection circuit 23.       The controller
21 is designed for control of the calcu-  lation units 20A-20E and the
output and input selection  circuits 22 and 23. In operation, the
controller 21 applies a key-on signal KON to the calculation units 20A-
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 operation of the tone color
selection device 25 to apply  the control parameter PAR to the calculation
units 20A-20E  and to apply the control parameter CPAR to the output and
input selection circuits 22 and 23. The controller 21 is  connected to an
external information input/output device 27 which controls the control
parameters PAR and CPAR and key-  on signal KON applied to and from another
electronic musi-  cal instrument, an automatic performance apparatus and an
acoustic instrument.   



The output selection circuit 22 is adapted to select 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
23   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
terminals M, Ml, 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 11a, adder 18, wave-  



form memory llb, multiplier 16 and envelope waveform pro-  ducing circuit
17 in the second embodiment shown 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  coefficient
MULT for repeatedly.producing a phase data at  a cycle reversely
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 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.  



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.
24        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 various kinds of
calculation 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. The multiplier 34 is adapted to apply an amplitude  envelope
to an output waveform signal of the standard  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 is output through the output terminal 01. The  output waveform
signal of the standard waveform producing  



circuit 33 is also output through the output terminal 02  without 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,
20B each 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
25   with an amplitude envelope.       As shown in Fig. 11, the calculation
unit 20C includes  phase data producing circuits 41a, 41b, adders 42a, 42b,
windowing function waveform producing circuits 43a, 43b,  



phase data producing circuits 44a, 44b, adders 45a, 45b, standard 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  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. In this calculation unit 20C, the
windowing function waveform producing circuits 43a, 43b each include  a
waveform memory addressed by phase data "c1", "c2", "dl",  "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 to produce a
windowing 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   



26   width 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 units 20A, 20B to produce
waveform signals "b1", "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 circuit for producing the waveform signal
having the fixed formant characteristic  is provided respectively in pairs
so that the time width of  the windowing function can be set by two times a
cycle  defined by the frequency information FP. For the purpose  of setting
the time width of the windowing function, the  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, 41b each act to produce a synchro- nous
signal SY and phase data "cl", "c2" different in  a phase of [err] 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-  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  waveform producing circuits 43a, 43b), the
phase data  producing circuits 52a, 52b cease accumulation of the time
width information and restart to accumulate the time width    



information from an initial value (for instance,"O") 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 from 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 "1" 



when the latter phase data are more than the former phase data and for
producing a low level signal "O" when the  latter phase data are less than
the 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 signal "1" and to  select the phase data
of the phase data producing circuits  41a, 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 "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 circuits 54a, 54b act to apply
the phase 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        



28    the phase data "cl", "c2" from the phase data producing  circuits
41a, 41b 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 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 function, 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 frequency  information 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 modulation signal supplied to  



the modulation wave input terminals M1, M2 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.
29      The output waveform signal of the adder 55 is output  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 adder 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 portion 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 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 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                                      30    filter 52 is
adapted to pass only a low frequency component  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 control 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  determined by the direct current
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 carrier signal from the selector  circuit 56. The
standard waveform producing 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 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 same the phase data producing 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
31   information NF. The selector circuit 57 is adapted to  selectively
output a carrier signal applied at its input  terminal CI in response to
carrier wave selection informa-  tion CSEL of high level "1" and to
selectively output a  waveform signal from the standard waveform producing
cir- 



cuit 56. The multiplier 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 of 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 portion  control
information NSK, direct current component NRS, band  width information NBW,
waveform selection information WS, carrier wave selection information CSEL,
frequency informa-  tion NF and envelope information EGP. Thus, the
calcula-  tion units 20D, 20E 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, direct current component NRS
and band width  information NBW at a frequency position defined by the
frequency information NF and waveform selection signal WS     



32    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 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 



controller 21 reads out the control parameters PAR, CPAR  from the
parameter 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. In 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 connected condition of the calculation
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
input selection circuit 23 to  mix waveform signals applied thereto.
When applied with a key-on signal KON indicative of designation of a
musical tone signal from the keyboard device 24 or the external information
input/output device  27, the calculation units 20A-20E are activated. In
the        



33   connected condition shown in Fig. 15, waveform signals  produced by
the calculation units 20A and 20B are mixed at the adder 72 and supplied to
the modulation wave input  terminals M1 and M2 of the calculation unit 20C.
Thus, a waveform signal of a fixed formant characteristic is  produced by
the calculation unit 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 output 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 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
contained in the output selection circuit 22 to mix output  waveform
signals from the calculation units 20A, 20C, 20D  



and 20E. In this instance, a waveform signal 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 characteristic comprised of a
plurality of formants through the adder 73 as in the first embodiment.
34      When the controller 21 is applied with a selection 



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
selection 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 having  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 controller 21 is applied with a selection  signal
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 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. In a connected condition  



shown in Fig. 20, a waveform 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 produced by                                      35   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 waveform signal produced  by the
calculation 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.       Consequently, in the electronic musical
instrument, a waveform signal having 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 can 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
musical tone signals in the form of  a waveform signal having a fixed
formant characteristic  comprised of complicated formants in a simple
manner. 



36      Although in the foregoing embodiments and application the
calculation unit 20C has been adapted to produce  a waveform signal of a
fixed formant characteristic,  a plurality of the calculation units may be
provided to modulate in frequency a waveform signal of a fixed formant
characteristic by a waveform signal of 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 have been composed of a
hard circuit,  the calculation units each may be composed of a digital
signal processing circuit 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 multi-channel
type to simul-  



taneously synthesize a plurality of musical tone signals.       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  a
tone volume or a breath pressure.                                       37



CLAIMS:       1. 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 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 waveform signal at a
shorter cycle than that of the  second waveform signal;      modulation
means for applying the first waveform signal as a modulation signal to said
second waveform signal producing means for modulation of the second
waveform  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 defined by first  frequency information applied thereto;
second waveform signal producing means for producing
38       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 waveform signal at a shorter cycle than that of
the  second waveform signal;      modulation means for applying the first
waveform signal  as a modulation signal to said 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 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 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
39    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 modulation means for applying the first 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 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 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 at a shorter cycle than that of the  second waveform
signal;                                       40       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 said first waveform signal  producing means for modulation of the
first waveform  signal.       5. A musical tone signal synthesizer
comprising:     a first 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 repeatedly producing a second waveform signal indicative of a windowing
function at a cycle corresponding with a frequency defined by second
frequency information applied thereto, third waveform pro  ducing means to
be synchronously controlled by said second waveform signal producing means
for repeatedly 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, 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; 



41       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 signal.    


