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ceives a control signal, which, along with the signal received from the
loop, determines the conversion The present invention relates to a musical
tone  characteristic. In such a conventional apparatus in waveform signal
generating apparatus which gener-  which the input portion is directly
connected to the ates a musical tone waveform signal in response to a   5
transmission portion the characteristic of air flow musical parameter
inputted thereto.                which is flown through the gap formed
between the Conventionally, Japanese Patent Laid-Open       mouth piece and
the reed of the wind instrument can- Publication No. 6340199 discloses the
known musi-  not be correctly simulated. cal tone waveform signal
generating apparatus,        It is therefore a primary object of the
present in- which provides first and second signal lines, input  10
vention to provide a musical tone waveform signal portion and transmission
portion. Herein, the wave-  generating apparatus capable of simulating the
tone form signal is transmitted forward in the first signal  generation of
the wind instrument well so that a mu- line, and then returned backward in
the second signal  sical tone full of variety can be generated. line. The
Input portion inputs both of the waveform    This is problem is solved by
the teaching con- signal from the second signal line and the musical  15
tained in the characterising portion of claim 1. tone control signal for
controlling the musical parame-  conversion means and the transmission
means, the ters of the musical tone to be generated. In response  signal
loop means mixing the waveform signals on the to the musical tone control
signal, the input portion  first and second signal lines by transmitting
the wa- varies the contents of the waveform signal, which is  veform signal
on one of the first and second signal then outputted to the first signal
line. The transmis-  20  lines to the other of the first and second signal
lines. sion portion delays the waveform signal from the first  Further
objects and advantages of the present In- signal line by the delay time
corresponding to the  vention will be apparent from the following descrip-
pitch of the musical tone to be generated, and then the  tion, reference
being had to the accompanying draw- delayed waveform signal is fed back to
the second  ings wherein a preferred embodiment of the present signal line.
The input portion is designed in accor-  25  Invention Is dearly shown.
dance with the mouth-piece of the wind instrument to  In the drawings: be
simulated, while the transmission portion is de-    Fig. 1 is a block
diagram showing the basic con- signed in accordance with the resonance tube
of the    figuration of the electronic musical Instrument in- wind
instrument. When the musical tone control sig-    cluding the musical tone
waveform signal gener- nal corresponding to the performance Information is
30  ating apparatus according to the present Inven- applied to the input
portion from the external device,  tion. However, the filter means are not
shown in this apparatus generates the waveform signal in re-   figure 1.
sponse to the musical tone control signal, so that this  Fig. 2 Is a graph
showing an example of I/O char- apparatus can simulate the tone-generation
of the      acteristic of non-linear conversion circuit shown wind
instrument.                              35      In Fig. 1; In the
above-mentioned conventional apparatus,     Fig. 3 is a sectional view
showing the construc- the input portion is directly connected to the
transmis-  tion of mouth-piece portion of wind instrument; sion portion.
Therefore, the conventional apparatus    Figs. 4Ato 4F are circuit diagrams
showing modi- cannot simulate the characteristic of air-flow which is  fied
examples of the non-linear conversion circuit flown through the gap formed
between the mouth-  40    shown in Fig. 1; piece and reed of the wind
instrument Thus, there is   Figs. 5Ato 5D are circuit diagrams showing
modi- a problem in that the conventional apparatus cannot   fied examples
of the waveform signal loop por- simulate the musical tone generated from
the wind in-  tion shown in Fig. 1; strument well.
Fig. 6 is a block diagram showing the musical EP-A-0 248 527 discloses a
musical tone wave-  45  tone waveform signal generating apparatus ac- form
signal generating apparatus according to the      cording to a first
embodiment of the present in- preamble of claim 1. In such a tonegenerating
system    vention; a tone is produced by circulating a waveform signal in
Figs. 7 and 8 are graphs showing I/O character- a loop which includes a
delay. A standing wave is cre-  istics of non-linear tables shown in Fig.
6; ated in the loop and may be extracted as a musical  50  Fig. 9 is a
block diagram showing a second em- tone signal. The period of the standing
wave and       bodiment of the present invention; therefore the pitch of
the musical tone is controlled by  Fig. 10 is a graph showing a
frequency-amplitude controlling the amount of the delay in the loop. In or-
characteristic of low-pass filter shown in Fig. 9; der to generate a
natural sounding musical tone, a     Fig. 11 is a graph showing I/O
characteristic of non-linear conversion circuit is provided to receive the
55  non-linear table shown in Fig. 9; signal circulating in the loop and
convert it in accor-  Fig. 12 is a block diagram showing a modified ex-
dance with a non-linear conversion characteristic and  ample of musical
tone control signal input portion provide it back the loop. The conversion
circuit re-  shown in Fig. 9; 2   



3                    EP 0 397 149 B1                  4 Fig. 13 is a graph
showing I/O characteristic of  musical tone control signal generating
portion 30 can non-linear table shown in Fig. 12;               generate
two kinds of musical tone control signals, Fig. 14 is a block diagram
showing a third em-   i.e. first kind of musical tone control signals which
are bodiment of the present invention;               varied in lapse of
time and second kind of musical Figs. 15 and 16 are graphs showing I/O
charac-   5   tone control signals which are not varied in lapse of
teristics of non-linear tables shown in Fig. 14.  time. These musical tone
control signals are deter- Next, description will be given with respect to
the  mined by a pitch signal PIT, initial-touch performance preferred
embodiments of the present invention by   information, after-touch
performance information referring to the drawings, wherein like reference
char-  and tone color information based on the musical tone acters
designate like or corresponding parts through-  10  to be generated by the
key-depression. More specif- out the several views.
ically, the musical tone control signal includes a mouth-Inner-pressure
signal PRES Indicative of the (A] BASIC CONFIGURATION AND OPERATION
mouth-inner-pressure (i.e., blowing pressure applied OF PRESENT INVENTION
to the wind instrument to be performed) and an Em- 15  bouchure signal EMBS
indicative of the opening (1) Basic Configuration
shape of the performers lip, holding pressure of the performers lip which
holds the mouthpiece of the First, description will be given with respect
to the  wind instrument basic configuration of the musical tone waveform
sig-   Incidentally, It Is possible to connectthe so-called nal generating
apparatus according to the present in-  20   mouth controller to the
electronic musical Instrument vention.
wherein the mouth controller provides the sensor In Fig. 1 an electronic
musical instrument pro-  which detects the blowing pressure. In this case,
It is vides a performance Information generating portion   possible to
partially obtain the performance informa- 10, a tone color information
generating portion 20 and  tion from the mouth controller. On the other
hand, in a musical tone control signal generating portion 30.  25  the case
where the present Invention is applied to the Based on the performance
information from the per-  electronic wind instrument the performance
informa- formance information generating portion 10 and the  tion is
obtained from the performing portion of the tone color Information from the
tone color information  electronic wind instrument. Further, it is possible
to generating portion 20, the musical tone control signal  adopt the other
instruments, automatic performance generating portion 30 generates the
musical tone   30  apparatus and the like as the performance informa-
control signal, which is then applied to a musical tone  tion generating
portion 10 and tone color information waveform signal generating apparatus
consisting of  generating portion 20. In this case, the performance a
musical tone control signal input portion 100, a wa-  information and tone
color information to be generat- veform signal loop portion 200 and a
waveform signal  ed from the other instruments etc. are supplied to the
transmission portion 300.                       35   musical tone control
signal generating portion 30. In- The performance information generating
portion   stead, it is possible to obtain several kinds of musical 10
provides a keyboard Including plural keys corre-  tone control signals from
the other instruments etc., sponding to musical scales and other circuits
to be ac-  which are then directly supplied to the foregoing mu- companied
with keyboard such as key-depression      sical tonewaveform signal
generating apparatus con- detecting circuit for detecting a key-depression
event  40  sisting of the foregoing three portions 100, 200 and of each
key, an initial-touch detecting circuit for de-  300. tecting an
initial-touch (i.e., key-depression speed),  Next, the musical tone control
signal input portion an after-touch detecting circuit for detecting an
after-  100 consists of a subtractor 101 and a non-linear con- touch (i.e.,
key-depressing pressure or key-de-     version circuit 102. Herein, LI
designates a signal line pressed depth) and the like. Thus, the performance
45  through which the waveform signal is transmitted In information
generating portion 10 generates the per-  forward direction (hereinafter,
simply referred to as formance information representative of the key-de-
forward signal line), and L2 designates another signal pression event
initial-touch, after-touch etc. The tone  line through which the waveform
signal is transmitted coor information generating portion 20 provides tone
in backward direction (hereinafter, simply referred to color selecting
switches and their switch operation   50   as backward signal line). The
subtractor 101 sub- detecting circuits, so that the tone color information
tracts the mouth-inner-pressure signal PRES from generating portion 20
generates the tone color infor-  the waveform signal transmitted from the
backward mation indicative of the selected tone color. The mu-  signal line
L2, and then the subtraction result is sup- sical tone control signal
generating portion 30 is con-  plied to the non-linear conversion circuit
102. The structed by a micro computer, memories for storing   55
non-linear conversion circuit 102 converts the sub- musical tone control
parameter tables and the like, for  traction result in non-linear manner
corresponding to example. By referring to this table based on the per-  the
characteristic as shown in Fig. 2. Thereafter, the formance information and
tone color information, the  output of the non-linear conversion circuit
102 is sup- 3  



5                   EP 0 397 149 B1                  6 plied to the forward
signal line L1. Based on the sub-  the waveform signal on the signal line
L1 is outputted. traction and non-linear conversion to be carried out in
the musical tone control signal input portion 100, it is  (2) Basic
Operation possible to simulate the operation of shaping an inci- dent wave
W1 which is formed by vibration of a reed   5  Next, description will be
given with respect to the 42 fixed at an edge portion of a mouth-piece 41
basic operation of the present invention. shown in Fig. 3. More
specifically, the subtractor 101  Based on the performance information and
tone simulates the operation of forming the incident wave  color
information, the musical tone control signal gen- which is formed in
response to the displacement of  erating portion 30 generates the
mouth-inner- the reed 42 due to the pressure difference between   10
pressure signal PRES, Embouchure signal EMBS the mouth-inner-pressure and
the pressure of reflect-  and pitch signal PIT. The mouth-inner-pressure
signal ed wave which propagates toward the mouthpiece     PRES Is
subtracted from the waveform signal repre- 41 through the resonance tube.
In addition, the non-  sentative of the reflected wave W2 on the backward
linear conversion circuit 102 simulates the non-linear  signal line L2 in
the subtractor 101, so that the sub- bending characteristic of the reed 42
to be bent by the   15  traction result is supplied to the non-linear
conversion pressure applied thereto and non-linear characteristic  circuit
102. This subtraction result is converted Into between the air pressure and
air-flow which passes  the waveform signal to be transmitted to the forward
the mouth-piece 41. In response to the Embouchure  signal line LI In
accordance with the non-linear char- signal EMBS supplied to the non-linear
conversion  acteristic of the reed 42. Thus, this waveform signal circuit
102, the basic non-linear conversion character-  20  transmitted on the
forward signal line L1 represents istic is corrected. Incidentally, It is
possible to replace  the incident wave W1 corresponding to the displace-
the subtractor 101 by the adder when different signs  ment of the reed 42
to be bent. are respectively given to the mouth-inner-pressure     The
waveform signal on the signal line L1 is sup- signal PRES and waveform
signal from the backward  plied to the waveform signal transmission portion
300 signal line L2.                               25  via the waveform
signal loop portion 200. This wave- The waveform signal loop portion 200
consists of  form signal is subject to the low-pass filter process by
adders 201, 202 to be provided on the signal lines LI,  the LPF 301 in
accordance with the characteristic of L2 respectively. The adder 201 adds
the waveform   the resonance tube and then delayed by the delay cir-
signalfrom the forward signal line LI and another wa-  cuit 302.
Thereafter, the waveform signal (represen- veform signal from the backward
signal line L2 to-  30  tative of the reflected wave W2) outputted from the
gether, so that the addition result thereof is outputted  delay circuit 302
is transmitted on the signal line L2 to the forward signal line L1. On the
other hand, the  and fed bacK to the subtractor 101 in the input portion
adder 202 adds the waveform signals from the signal  100 via the waveform
signal loop portion 200. Herein, lines LI, L2 together, so that the
addition result there-  the delay circuit 302 is controlled by the pitch
signal of is outputted to the backward signal line L2. Thus,  35  PIT, so
that the delay circuit 302 delays the waveform this waveform signal loop
portion 200 can simulate  signal by the delay time corresponding to the
pitch of the pressure Q which is causes based on the incident  the
performed key. Therefore, the period between wave WI and reflected wave W2
from the resonance   first timing when the waveform signal is transmitted
tube when the air is blown through the gap formed be-  to the signal line
L1 from the input portion 100 and tween the mouth-piece 41 and reed 42.
40  second timing when the waveform signal is fed back The waveform signal
transmission portion 300 is  to the input portion 100 via the signal lines
L1, L2 will designed to feed back the waveform signal on the sig-
correspond to the pitch of performed key. Thus, the nal line L1 to the
signal line L2, wherein a low-pass  waveform signal on the signal lines LI,
L2 has the filter (LPF) 301 and a delay circuit 302 is provided at
fundamental frequency corresponding to the pitch of its feedback loop. The
LPF 301 is designed to simu-  45   performed key. late the shape of the
resonance tube, while the delay  During the above-mentioned circulation of
the circuit 302 simulates the operation the incident wave  waveform signal
on the signal lines L1, L2, the adder which is applied to the mouth-piece
41 and then re-  202 functions to partially feed back the waveform sig-
turned back to the mouth-piece 41 as the reflected  nal on L1 to the input
portion 100, while the adder 201 wave. The delay time of the delay circuit
302 corre-  50  functions to partially feed back the waveform signal sponds
to the reciprocating motion of the incident  on L2 to the transmission
portion 300. Thus, it is pos- wave which depends on the length of the
resonance  sible to simulate the variation of the air-flow within the tube
and the distance between the tone hole and ter-  mouth-piece 41. In other
words, the waveform signal minal portion of resonance tube. In this case,
the de-  on L1, L2 can simulate the compression wave of air lay time of the
delay circuit 302 can be varied in re-  55  in the wind instrument. sponse
to the pitch signal PIT. In other words, the    As described heretofore,
the present invention pitch of the musical tone to be generated is deter-
can offer the well-designed simulation model which mined by the variation
of the delay time. Thereafter,  simulates the formation of acoustic signal
(i.e., com- 4 



7                    EP 0 397 149 B1                    8 pression wave of
air) in the mouth-piece 41 and the  cients [err]... can be fixed at the
predetermined val- transmission of acoustic signal in the resonance tube
ues in advance, or they can be varied by the musical of the wind
instrument. Therefore,it is possible to  tone control signal generating
portion 30 in lapse of form the musical tone signal similarto the tone
sound-  time or in response to the performance information. ed from the
wind instrument In addition to the above-   5   By modifying the non-linear
conversion circuit 102 as mentioned simulation model of the wind
instrument,    shown in Figs. 4C, 4D, 4E, it is possible to perform the the
present invention can be used to synthesize the   non-linear conversion
having large freedom of de- musical tone.
gree. In the configuration of Fig. 1, the waveform signal   Further,
instead of the non-linear tables 113, 115 is picked up at the point prior
to the LPF 301. How-   10  etc., it is possible to design the non-linear
conversion ever, it Is possible to pick up the waveform signal at  table
102 as shown in Fig. 4F wherein the non-linear the arbitrary point on the
signal lines, L2 because   conversion is carried out by the mathematical
sum of the waveform signal circulates on the signal lines L1,  series. More
specifically, the circuit shown In Fig. 4F L2.
provides multipliers 126 each raising the input x to In addition, the
non-linear conversion circuit 102   15   next degree of series multipliers
127 which multiply can be constructed by the non-linear tables each hav-
the multiplication results of multipliers 126 by coeffi- ing the non-linear
I/O characteristic as shown in Fig.  cents [err] ... respectively and
adders 128 which 2. In this case, it is possible to change over the non-
sequentially add the multiplication results of multipli- linear table in
response to the Embouchure signal     ers 127 together. Thus, the output of
this circuit can EMBS. Instead, it is possible to construct the non-lin-
20   be represented by the following formula correspond- ear conversion
circuit 102 as shown in Figs. 4A to 4F.  ing to the mathematical sum of
series: In case of Fig. 4A, an adder 111 adds the output of
[err] subtractor 101 with the Embouchure signal EMBS,             where the
coefficients [err] ... are set as while another adder 112 adds the output
of subtractor  similar to the case of Fig. 4E. As shown in Fig. 4F, It 101
with the noise signal. Then, the addition result of  25  is possible to
omit the non-linear table by performing adder 111 issupplied toa
non-lineartable 113wherein  the non-linear conversion on the input signal x
based the addition result is subject to the non-linear conver-  on the
mathematical sum of series. sion. Thereafter, a multiplier 114. multiplies
the con-  Next, the waveform signal loop portion 200 can version result of
non-linear table 113 by the addition  be modified as shown in Figs. 5Ato
5D. In case of Fig. result of adder 112 to thereby form the waveform sig-
30   5A, an adder 211 adds the waveform signals on the nal to be
transmitted to the signal line L1. In case of  signal lines L1, L2 together
to thereby transmit its ad- Fig. 4B, a non-linear table 115 is further
inserted be-  dition result onto the signal line L1. In addition, a mul-
tween the adder 112 and multiplier 114 shown in Fig.  tiplier 213 doubles
the waveform signal on the signal 4A. Herein, the addition result of adder
112 is subject  line L2. Further, an adder 212 adds the multiplication to
the non-linear conversion, and then the conversion   35  result of
multiplier 213 with the waveform signal on result is supplied to the
multiplier 114. In this case, the  the signal line L1 to thereby transmit
its addition result above-mentioned noise signal is generated from the
onto the signal line L2 toward to the input portion 100. musical tone
control signal generating portion 30, and  This circuit shown in Fig. 5A is
the equivalent circuit the characteristic of non-linear table can be
arbitrarily  of the waveform signal loop portion 200 shown in Fig.
determined. Instead of the noise signal, it is possible  40   1. to use
other signal which is formed based on the per-     In case of Fig. 5B, an
adder 214 adds the wave- formance information. Incidentally, it is further
pro-  form signals on the signal lines L1, L2 together to vide the
operation circuits which perform the opera-  thereby transmit its addition
result onto the signal line tion (such as addition, subtraction,
multiplication and  L1 toward to the transmission portion 300, while an-
division) on the musical tone control signal, filters,  45   other adder
215 adds the waveform signals on the other non-linear circuits, delay
circuits and the like at  signal lines L1, L2 together to thereby transmit
its ad- the points as indicated by dotted arrows in Figs. 4A,  dition
result onto the signal line L2 toward the input 4B. By modifying the
non-linear conversion circuit    portion 100. 102 as shown in Figs. 4A, 4B,
it is possible to form     In case of Fig. 5C, a multiplier 222 multiplies
the several kinds of musical tone signals.          50   waveform signal on
the signal line L2 by the coeffi- In case of Fig. 4C, plural
non-lineartables 121 are  cient [err] to thereby output its multiplication
result to an connected in parallel and the outputs thereof are se-  adder
221 wherein the multiplication result is added quentially added in the
adders 122. In case of Fig. 4D,  to the waveform signal on the signal line
L1. Then, the plural non-linear tables 123 are connected in series.
addition result of adder 221 Is multiplied by the coef- In case of Fig. 4E,
plural non-linear tables 124 and   55  ficient[err in a multiplier 223, so
that the multiplication multipliers 125 are alternatively connected in
series,  result is transmitted onto the signal line L1 toward the wherein
coefficients [err]... a, are provided for mul-  transmission portion 300.
On the other hand, a mul- tipliers 125 respectively. In this case, such
coeffi-  tiplier 225 multiplies the multiplication result of multi- 



5    9                   EP 0 397 149 B1                    10 plier 223 by
the coefficient [err] while another multiplier  EMBS and
mouth-inner-pressure signal PRES both multiplies the waveform signal on the
signal line L2 by  of which are varied based on the performance infor- the
coefficient a4. Thereafter, an adder 224 adds  mation. these multiplication
results of multipliers 225, 226 to-  The musical tone control signal input
portion 100 gether to thereby transmit its addition result onto the   5
includes a subtractor 151, alow-pass filter (LPF) 152, signal line L2
toward the input portion 100. Herein, the  an adder 153, non-linear tables
154, 156 and multipli- coefficients [err]to[err] can befixed atthe
predetermined  ers 155, 157. The subtractor 151 subtracts the values, or
they can be varied by the musical tone con-  mouth-inner-pressure signal
PRES from the wave- trol signal generating portion 30 in lapse of time or
in  form signal on the signal line L2 to thereby output a response to the
performance information.     10  pressure difference signal indicative of
the pressure In case of Fig. 5D, a multiplier 232 multiplies the
difference by which the reed 42 of the mouth-piece 41 waveform signal on
the signal line L1 by the coeffi-  Is varied in shape (see Fig. 3). The LPF
152 removes cient [err] while another multiplier 233 multiplies the
higher-frequency component from the pressure dif- waveform signal on the
signal line L2 by the coeffi-  ference signal outputted from the subtractor
151. cient a2. Then, an adder231 adds these multiplication   15  Such LPF
152 Is provided because the reed 42 does results of multipliers 232, 233
together to thereby  not respond to the higher-frequency component of
transmit its addition result onto the signal line L1 to-  the air-flow. The
adder 153 adds the Embouchure sig- ward the transmission portion 300. On
the other    nal EMBS to the output of LPF 152 to thereby output hand, a
multiplier 235 multiplies the waveform signal  the addition result thereof
to the non-linear table 154. on the signal line L1 by the coefficient
[err], while an-  20   The non-linear table 154 is provided for simulating
the other multiplier 236 multiplies the waveform signal on  displacement of
the reed 42 underthe air pressure, so the signal line L2 by the
coefficient[err]. Then, an adder  that the non-lineartable 154 has the I/O
characteristic 234 adds these multiplication results of multipliers  as
shown in Fig. 7. Due to the non-linear conversion, 235, 236 together to
thereby transmit its addition re-  the output of non-linear table 154 will
represent the suit onto the signal line L2 toward the input portion   25
air-passing area ofthe reed 42 ofthe mouth-piece 41. 100.
The output of non-linear table 154 is supplied to the As described above,
by modifying the configura-  multiplier 155. tion of waveform signal loop
portion 200 as shown in   Meanwhile, the multiplier 155 also receives the
Figs. 5A to 5D, it is possible to simulate the variation  output of
non-linear table 156 to which the pressure of air-flow in the mouth-piece
41 of several kinds of  30  difference signal is supplied from the
subtractor 151. wind instruments. In addition, the freedom of degree  In
general, even if the pressure difference applied to can be raised so that
several kinds of musical tone  the reed 42 becomes larger in the relatively
narrow signals can be formed with ease.                   tube, the
air-flow velocity must be saturated so that Incidentally, as shown by
dotted blocks In Figs.  the pressure difference will not in proportional to
the 5Ato 5D, it is possible to further provide delay circuits  35  air-flow
velocity any more. Thus, the non-linear table 237 at Input sides of
thewaveform signal loop portion  156 simulates such saturation phenomenon.
This 200. These delay circuits 237 are designed to delay  non-linear table
156 has the I/O characteristic as the waveform signals by the predetermined
short de-  shown in Fig.8. In short, the pressure difference sig- lay time
which depends on the construction of the  nal is corrected under
consideration of the pressure mouthpiece 41.
40   difference applied to the reed 42 affects the air-flow velocity, and
then the corrected pressure difference [B] FIRST EMBODIMENT
signal outputted from the non-linear table 156 is sup- plied to the
multiplier 155. Then, the multiplier 155 Next, description will be given
with respect to the  multiplies the output of non-linear table 154
represen- first embodimentof the present invention. Herein, the   45
tative ofthe air-passing area of the reed 42 by the out- musical tone
waveform signal generating apparatus  put of non-linear table 156
corresponding to the cor- according to the first embodiment as shown in
Fig. 6  rected pressure difference signal. Thus, the multipli is suitable
to form the musical tone signal correspond-  cation result of multiplier
155 will represent the air- ing to the wind instruments such as the
clarinet, sax-  flow velocity at the reed 42 in the mouth-piece 41. ophone
etc.                                   50   Then, the multiplier 157
multiplies the multiplication This musical tone waveform signal generating
result of multiplier 155 by a fixed coefficient k repre- apparatus shown in
Fig. 6 is mainly constructed by  sentative of the Impedance (i.e, air
resistance) in the the musical tone control signal input portion 100, wa-
mouth-piece 41, so that the multiplication result veform signal loop
portion 200 and waveform signal  thereof is transmitted onto the signal
line L1 toward transmission portion 300. Herein, the present mus1cal  55
the waveform signal loop portion 200 as tone pres- tone waveform signal
generating apparatus receives  sure signal. the pitch signal
PITcorresponding to thefrequency of   The waveform signal loop portion 200
contains 



the musical tone to be generated. Embouchure signal  adders 251, 252 as
similarto the foregoing waveform 6    11                 EP 0 397 149 B1
12 signal loop portion 200 shown in Fig. 1. As described  mer's lip to the
mouth piece 41. Then, the LPF 164 re- before, this waveform signal loop
portion 200 simu-  moves the higher-frequency component from the ad- lates
the variation of air-flow in the mouth-piece 41.  dition result of adder
161. Herein, the cut-off frequen- Next, the waveform signal transmission
portion  cy and resonance frequency of the LPF 164 are con- 300 provides a
LPF 351, a high-pass filter (HPF) 352   5   trolled by the cut-off signal
[err] as shown in Fig. 10. and a delay circuit 353 to be connected between
the  Such frequency control is carried out on the LPF 164 signal lines LI,
L2. The cut-off frequencies of the LPF  in order to simulate the holding
manner of the perfor- 351, HPF 352 are controlled in response to the pitch
mer's lip which holds the mouth-piece of the brass in- of the musical tone
to be generated, I.e., the pitch sig-  strument. Because, such holding
manner of the per- nal PIT. In this case, it is possible to omit the HPF
352   10  former's lip affects the frequency of the musical tone from the
waveform signal transmission portion 300.  to be sounded from the brass
instrument. In addition, The delay circuit 353 is designed as similar to
the  this LPF 164 and the delay times to be applied to the foregoing delay
circuit 302 shown in Fig. 1. Further, a  waveform signal in the waveform
signal transmission band-pass filter (BPF) 401 is connected at the output
portion 300 function to control the oscillation fre- side of the signal
line L1 in order to simulate the radi-  15  quency In the signal
circulating loop consisting of the ation characteristic of the musical tone
of which air vi-  signal lines L1, L2 and thereby control the frequency
bration is radiated in the air. Thereafter, the waveform  of the musical
tone to be generated. The non-linearta- signal is outputted from the BPF
401.              ble 165 connected to the LPF 164 is designed to sim- The
first embodiment as shown in Fig. 6 operates  ulate the opening manner of
the performer's lip as similar to the foregoing circuit shown in Fig. 1.
20  against the pressure at the mouth-piece, wherein this Thus, the first
embodiment is well designed to simu-  table 165 has the I/O characteristic
as shown in Fig. late the formation and transmission of the acoustic  11.
Thus, the output of non-linear table 165 will rep- signal to be propagated
in the wind instrument such  resent the opening area of the performer's
lip. Such as the clarinet, saxophone etc., so that it is possible  output
of non-linear table 165 is supplied to the mul- to obtain the artificial
musical tone which is similar to  25  tiplier 166. the sound of wind
instrument.                          The multiplier 166 also receives the
outputof sub- tractor 162 in which the delayed waveform signal [C] SECOND
EMBODIMENT                              from the delay circuit 163 is
subtracted from the mouth-inner-pressure signal PRES. Thus, the sub- Next,
description will be given with respect to the   30  tractor 162 outputs the
pressure difference signal musical tone waveform signal generating
apparatus  representative of the pressure difference between according to
the second embodiment which is suit-  the pressures at the inside and
outside of the perfor- able for generating the musical tone signal of the
mer's lip. Then, the multiplier 166 multiplies the pres- brass instrument.
sure difference signal from the subtractor 162 by the The musical tone
waveform signal generating ap-  35  output of non-linear table 165 to
thereby transmit its paratus according to the second embodiment as
multiplication result onto the signal line L1 toward the shown in Fig. 9 is
mainly constructed by the musical  waveform signal loop portion 200.
Herein, the multi- tone control signal input portion 100, waveform signal
plication result of multiplier 166 represents the air- loop portion 200 and
waveform signal transmission  flow velocity at the mouth-piece. Thus, the
waveform portion 300 as similar to the foregoing first embodi-  40  signal
to be supplied to the waveform signal loop por- ment and the like. The
musical tone control signal  tion 200 can simulate the sound wave to be
generated generating portion 30 (not shown in Fig. 9) outputs  at the
mouth-piece of the brass instrument. the pitch signal PIT and
mouth-inner-pressure signal   As similar to the foregoing waveform signal
loop PRES to the musical tone control signal input portion  portion 200
shown in Fig. 1, the present waveform 100. Instead of the Embouchure signal
EMBS, the   45  signal loop portion 200 consists of adders 261, 262.
musical tone control signal generating portion 30 out-  Therefore, as
described before, the present wave- puts a cut-off signal [err]
representative of the frequen-  form signal loop portion 200 can simulate
the varia- cy of the musical tone to be generated. Herein, the  tion of the
air-flow in the mouth-piece. cut-off signal [err] does not necessarily
correspond to   The waveform signal transmission portion 300 is the pitch
signal PIT.                          50  designed based on the so-called
Kelly-Lochbaum The musical tone control signal input portion 100  cascade
circuit configuration. More specifically, the contains an adder 161, a
subtractor 162, a delay cir-  present waveform signal transmission portion
300 cuit 163, a LPF 164, a non-linear table 165 and a mul-  contains a
delay circuit 366 for delaying the waveform tiplier 166. The adder 161 adds
the mouth-inner-   signal, a multiplier 367 for multiplying the waveform
pressure signal PRES to the waveform signal on the  55  signal by fixed
coefficient "-1", a LPF 368 and n-sta- signal line L2 which is delayed by
small delay time in  ges of ladder circuits each consisting of adders 361 



the delay circuit 163, so that the addition result there-  to 363 for
adding the waveform signals, a multiplier of represents the pressure of
pressing the perfor-  364 for multiplying the waveform signal by fixed
coef- 7    13                  EP 0 397 149 B1                  14 ficient
K ( [err]) and a delay circuit 365 for  signal [err] and attack signal ATK
which are used to delaying the waveform signal. Such cascade circuit is
control the operation of forming the musical tone normally used for the
speech synthesis because it is    signal. Other than these signals, it is
possible to well designed to simulate the propagation of the        use
other signals to be formed based on the per- sound wave in the cylindrical
tube. Herein, the delay   5  formance information, tone color information
and circuits 365,366 are controlled by the pitch signal PIT,  the like. For
example, it is possible to use the en- so that the sum of delay times of
all delay circuits cor-  velope signal which rises up at key-on timing, va-
respond to the frequency of the musical tone to be      ries in lapse of
time and then attenuates at key- generated. The waveform signal is picked
up from the    off timing. In addition, it is possible to utilize the input
side of the LPF 368 via the BPF 401 as similar  10  low-frequency signal
which is used for the mod- to the first embodiment shown in Fig. 6.
ulation such as tremolo, vibrato etc. The above-mentioned second embodiment
oper- ates as similar to the foregoing first embodiment and the like. Thus,
the second embodiment can simulate   Claims the formation and transmission
of the acoustic wave   15 signal in the brass instrument, so that it is
possible to  1. Amusical tone waveform signal generating appa- obtain the
musical tone similar to the sound generat-   ratus comprising: ed from the
brass instrument.                             (a) a first signal line (L1)
through which a wa- Meanwhile, the musical tone control signal input
veform signal is transmitted in forward direc- portion 100 can be modified
as shown In Fig. 12. In  20    tion; Fig. 12, a non-linear table 167 is
further inserted be-     (b) a second signal line (L2) through which tween
the subtractor 162 and multiplier 166. This          said waveform signal
outputted from said first non-linear table 167 is designed to simulate the
sat-      signal line is transmitted in backward direc- uration of the
air-flow velocity as similar to the fore-   tion, so that said waveform
signal is circulated going non-linear table 156 (see Figs. 6, 8). This non-
25  in a loop including said firstand second signal linear table 167 has
the I/O characteristic as shown in    lines wherein characteristic of said
waveform Fig. 13, by which the multiplication result of multiplier  signal
is to be varied; 166 can simulate the air-flowwith accuracy. Thus, the
(c) conversion means (100) which receives non-linear table 167 can improve
the simulation of the     said waveform signal from said second signal
air-flow in the mouth-piece of the brass instrument,  30  line and a
musical tone control signal which is so that it is possible to obtain the
musical tone signal   used to control a musical parameter of a mu- which is
further closer to the sound of brass instru-      sical tone to be
generated, said conversion ment.
means converting said waveform signal in re- sponse to said musical tone
control signal so [D] MODIFICATIONS                              35
that a converted waveform signal to be ob- tained from said conversion
means Is to be The embodiments described herein can be modi-
outputted to said first signal line; fled as follows:
(d) transmission means (300) for transmitting (1) It is possible to
configure the filter in the wa-  said waveform signal from said firstsignal
line veform signal transmission portion 300 by use of  40   to said second
signal line while at least delay- the known Infinite-Impulse-Response (IIR)
filter       ing said waveform signal by a delay time cor- or
Finite-Impulse-Response (FIR) filter.               responding to a pitch
of the musical tone to be (2) If the analog circuit is adopted as the
musical    generated, so that a delayed waveform signal tone waveform
signal generating apparatus, the         to be outputted from said
transmission means filter can be configured by use of the CR passive   45
is fed back to said second signal line; filter or active filter. In this
case, the analog circuit    characterized by comprising: element such as
the transistor, diode etc. can be      (e) filter means (152; 164) for
filtering said wa- used as the non-linear conversion circuit. In ad-
veform signal from said second signal line so dition, the operation
circuits such as the adder       as to output a filtered waveform signal to
said and multiplier can be configured by use of the   50    converserion
means, so that said conversion analog operation circuit using the
operational am-     means converts said filtered waveform signal plifier
and the like. Further, the analog delay cir-   into said converted waveform
signal; and cuit such as BBD, LCR can be used as the delay         (f)
signal loop means (200) which is inserted circuit.
between said conversion means and said (3) In the foregoing embodiments,
the musical  55      transmission means, said signal loop means 



tone control signal generating portion 30 outputs      mixing said waveform
signals on said first and the Embouchure signal EMBS, mouth-inner-
second signal lines by transmitting said wave- pressure signal PRES, pitch
signal PIT, cut-off        form signal on oneof said first and second sig-
8    13                  EP 0 397 149 B1                 14 *   C    L   M
S    * ficient.K (=[err]) and a delay circuit 365 for  signal [err] and
attack signal ATK which are used to delaying the waveform signal. Such
cascade circuit is   control the operation of forming the musical tone
normally used for the speech synthesis because it is    signal. Other than
these signals, it is possible to well designed to simulate the propagation
of the        use other signals to be formed based on the per- sound wave
in the cylindrical tube. Herein, the delay   5  formance information, tone
color information and circuits 365,366 are controlled by the pitch signal
PIT,  the like. For example, it is possible to use the en- so that the sum
of delay times of all delay circuits cor-  velope signal which rises up at
key-on timing, va- respond to the frequency of the musical tone to be
ries in lapse of time and then attenuates at key- generated. The waveform
signal Is picked up from the    off timing. In addition, it is possible to
utilize the input side of the LPF 368 via the BPF 401 as similar   10
low-frequency signal which is used for the mod- to the first embodiment
shown in Fig. 6.                ulation such as tremolo, vibrato etc. The
above-mentioned second embodiment oper- ates as similar to the foregoing
first embodiment and the like. Thus, the second embodiment can simulate
Claims the formation and transmission of the acoustic wave   is signal in
the brass instrument, so that it is possible to  1. A musical tone waveform
signal generating appa- obtain the musical tone similar to the sound
generat-   ratus comprising: ed from the brass instrument
(a) a first signal line (LI) through which a wa- Meanwhile, the musical
tone control signal input       veform signal is transmitted in forward
direc- portion 100 can be modified as shown in Fig. 12. In  20   tion; Fig.
12, a non-linear table 167 is further inserted be-   (b) a second signal
line (L2) through which tween the subtractor 162 and multiplier 166. This
said waveform signal outputted from said first non-linear table 167 is
designed to simulate the sat-     signal line is transmitted in backward
direc- uration of the air-flow velocity as similar to the fore-  tion, so
that said waveform signal is circulated going non-linear table 156 (see
Figs. 6, 8). This non-  25  In a loop including said first and second
signal linear table 167 has the I/O characteristic as shown in   lines
wherein characteristic of said waveform Fig. 13, by which the
multiplication result of multiplier  signal is to be varied; 166 can
simulate the air-flowwith accuracy. Thus, the     (c) conversion means
(100) which receives non-linear table 167 can improve the simulation of the
said waveform signal from said second signal air-flow in the mouth-piece of
the brass instrument,  30  line and a musical tone control signal which is
so that it is possible to obtain the musical tone signal   used to control
a musical parameter of a mu- which is further closer to the sound of brass
instru-      sical tone to be generated, said conversion ment.
means converting said waveform signal in re- sponse to said musical tone
control signal so [D] MODIFICATIONS                              35
that a converted waveform signal to be ob- tained from said conversion
means Is to be The embodiments described herein can be modi-
outputted to said first signal line; fled as follows:
(d) transmission means (300) for transmitting (1) It is possible to
configure the filter in the wa-  said waveform signal from said firstsignal
line veform signal transmission portion 300 by use of  40   to said second
signal line while at least delay- the known Infinite-Impulse-Response (IIR)
filter       ing said waveform signal by a delay time cor- or
Finite-Impulse-Response (FIR) filter.               responding to a pitch
of the musical tone to be (2) If the analog circuit is adopted as the
musical    generated, so that a delayed waveform signal tone waveform
signal generating apparatus, the         to be outputted from said
transmission means filter can be configured by use of the CR passive   45
is fed back to said second signal line; filter or active filter. In this
case, the analog circuit    characterized by comprising: element such as
the transistor, diode etc. can be      (e)filter means (152; 164) for
filtering said wa- used as the non-linear conversion circuit. In ad-
veform signal from said second signal line so dition, the operation
circuits such as the adder       as to output a filtered waveform signal to
said and multiplier can be configured by use of the   so    converserion
means, so that said conversion analog operation circuit using the
operational am-     means converts said filtered waveform signal plifier
and the like. Further, the analog delay cir-   into said converted waveform
signal; and cuit such as BBD, LCR can be used as the delay         (f)
signal loop means (200) which is inserted 



circuit.                                               between said
conversion means and said (3) In the foregoing embodiments, the musical  55
transmission means, said signal loop means tone control signal generating
portion 30 outputs      mixing said waveform signals on said first and the
Embouchure signal EMBS, mouth-inner-               second signal lines by
transmitting said wave- pressure signal PRES, pitch signal PIT, cut-off
form signal on one of said first and second sig-    15                 EP 0
397 149 B1                16 *   C   L  M   S   * nal lines to the other of
said first and second   (b) eines weite Signalleitung (L2), mittels der
signal lines.                                      das von der ersten
Signalleitung ausgegebe- ne Wellenformsignal in Rrickwirtsrichtung 2.
Amusical tone waveform signal generating appa-        Obertragen wird, so
daB das Wellenformsi- ratus according to claim 1 wherein said signal   5
gnal in elner die erste und die zweite Signal- loop means (200) includes
first operation means      leitung enthaltenden Schlelfe zirkuliert wird,
(201) to be provided on said first signal line and   in welcher die Form
des Wellenformsignal va- second operation means (202) to be provided on
rilert werden soll; said second signal line, said first operation
(c) Konvertierungsmittel (100), die das Wel- means mixing said waveform
signals on said first  10  lenformsignal von der zweiten Signalleitung and
second signal lines together so that a mixed     erhalten, und ein
Muslktonsteuersignal, das waveform signal outputted from said first opera-
zur Steuerung eines Musikparameters sines tion means is outputted to said
first signal line,   zu erzeugenden Musliktones verwendet wird, said second
operation means mixing said wave-        wobel die Konvertierungsmittel das
Wellen- form signals on said first and second signal lines  15  formaignal
im Ansprechen auf das Muslkton- together so that a mixed waveform signal
output-     steuersignal konvertieren, so daB sin konver- ted from said
second operation means is output-      tiertes Welienformsignal, das von
den Kon- ted to said second signal line.
vertierungsmittel erhaiten werden soll, zu der ersten Signalleitung
ausgageben wird; 3. A musical tone waveform signal generating appa-  20
(d) Obertragungsmittel (300) zur Obertra- ratus according to claim 1
wherein said signal       gung des Wellenformsignals von der ersten loop
means (200) comprises:                          Signalleitung zu der
zweiten SIgnaileltung, (a) first adder means (221) to be provided on
wahrend das WeIlenformsignal mindestens said first signal line for adding
said waveform    um eine Verzogerungszeit, die der i-iohe des signals on
said first and second signal lines  25  zu erzeugenden Musiktones
entspricht, ver- together so that an added waveform signal is       zogert
wird, so dag sin von den Obertra- outputted to said first signal line;
gungsmittein auszugebendes verzogertes (b) second adder means (224) to be
provided        Wellenformsignal zu der zweiten Signallel- on said second
signal line for adding said wa-     tung zurfickgefflhrtwird; veform
signals on said first and second signal  30  dadurch gekennzeichet, daB sie
folgendes lines togetherso that an added waveform sig-       aufweisen: nal
is outputted to said second signal line;      (e) Filtermittel (152; 164)
zur Filterung des (c) first multiplier means (222) to be inserted
Wellenforrnsignais aus der zwelten Signailei- between said second signal
line and said first    tung, um so sin gefiltertes Weilenformsignal adder
means for multiplying said waveform   35     zu den Konvertlerungsmitteln
auszugeben, signal on said second signal line by a first       so dal die
Konvertlerungamittel das gefilterte coefficient; and
Wellenformsignal in sin konvertbertes Wellen- (d) second multiplier means
(225) to be insert-   formsignal konvertleren; und ed between said first
signal line and said sec-    (f) Signalschleifenmittel (200), die zwischen
ond adder means for multiplying said wave-  40     die Konvertierungsmittel
und die Obertra- form signal on said first signal line by a sec-
gungsmittel geschaltet sind, wobei die Signal- ond coefficient.
schleifenmittel die Wellenformsignale In der ersten und zweiten
Signalleitung durch Ober- 4. Amusical tone waveform signal generating appa-
tragung des Wellenformsignals aus der er- ratus according to claim 1
wherein said conver-  45  sten oder zwelten Signalleltung auf die Jewel-
sion means effects a predetermined non-linear        lige andere der beiden
Signalleitungen ml- conversion on said waveform signal from said
schen. second signal line in response to said musical tone control signal.
2. Vorrichtung zur Erzeugung von Muslktonwel- 50     lenformsignalen nach
Anspruch 1, bei der die Si- gnalschleifenmittel (200) f r die erstb
Signallel- Patentanspruche                                       tung
vorgesehene erste Operationsmittel (201) 



und fOr die zweite Signalleitung vorgesehene 1. Vorrichtung zur Erzeugung
von Musiktonwel-         zweite Operatbonsmittel (202) enthalten, wobel
lenformsignalen. die folgendes aufweist:  5s       die ersten
Operationsmittel die Wellenformsigna- (a) ese erste Signalleitung (LI),
mittels der   le aus der ersten und zweiten Signalleitung zu- sin
Wellenformsignal in VorwArtsrlchtung        sammenmischen, so daB ein von
den ersten Obertragen wird;
Operationsmitteln  ausgegebenes gemischtes 9    17                 EP 0
397149B1                   18          *   C   L  M  S    *
Wellenformsignal zu der ersten Signalleitung         varier;
* ausgegeben wird, und wobel die zweiten Opera-        (c) des nioyens de
conversion (100) qui recoi- tionsmittel die Wellenformsignale aus der
ersten     vent led it signal d'onde provenant de ladite und zweiten
Signalleltung zusammenmischen,           seconde ligne de signal et un
signal de so daB. ein von den zwelten Operationsmitteln   5    commando de
son musical qul est utils6 pour ausgegebenes gemischtes Wellenformsignal zu
commander un parametre musical d'un son der zweiten Signalleitung
ausgegeben wird.           musical A engendrer, lesdits moyens de
conversion convertissant ledit signal d'onde 3. Vorrichtung zur Erzeugung
von Musiktonwel-           en reponse audit signal de commando de son
lenformasignalen nach Anspruch 1, bel der die SI-  10  musical de tells
sorts quun signal donde gnaischleifenmittel (200) folgendes aufwelsen:
converti A obtenir desdits moyens de conver- (a) an der ersten
Signalleitung vorgesehene       sion est extrait de ladite premisre ligne
de si- erste Addiermittel (221), um die Wellonform-      gnal; signal. aus
den ersten und zweiten Signallel-     (d) des moyens de transmission (300)
pour tungen zu addieren, so daB sin addlertes Wei-  i5  transmettre ledit
signal donde de la premlire lenformsignal zu dererston Signaileitung aus-
ligne de signal vers la seconds ligne de signal gegeben wird;
tout au moins en retardant ledit signal d'onde (b) an der zweiten
Signalleitung vorgesehene      d'une dur6e correspondant A un registre du
zweits Addiermittel (224), urn die Wellenform-    son musical A engendrer,
de tello sorts qu'un signals aus den ersten und zwelten Signalsli-  20
signal d'onde retard6 a extraire desdits tungen zu addieren, so daM sin
addiertes Wei-     moyens de transmission est rebouci6 sur la lenformsignal
zu der zwelten Signalleitung        deuxibme ligne de signal; ausgegeben
wird;                                       caracterMs6 en ce qu'll
comprend: (c) erste Multipliziermittel (222), die zwlschen  (e) des moysns
de filtrage (152;164) pourf I'l- die zwelten Signalleitung und die ersten
Ad-  25  trer ledit signal d'onde de sortie de ladite se- diermittein
geschallet sind, um das Wellen-       condo ligne de signal de manibre A
deliWer formsignal aus der zweiten Signalleitung mit      auxdits moyens de
conversion un signal einem ersten Koeffizienten zu multiplizieren;
d'ondefiltr6, de telesortlquelesditsmoyens und
de conversion convertissent ledit signal (d) zweite Multipliziermittel
(225), die zwi-  30  donde filtr6 pour engendrer ledit signal schen die
ersten Signalleitung und die zwei-      d'onde converti ; et ten
Addiermittein geschaltet sind, um das         (1) des moyens de bouclage de
signal (200) in- Welienforrmsignal aus der ersten Signallel-       ser~s
entre lesdits moyens de conversion et tung mit elnem zweiten
Koeffizienten.zu mul-     lesdits moyens de transmission, lesdits.
tiplizieren.                           35         moyens de bouclage de
signal milangeant lesdits signaux d'onde deadites premlbre et 4.
Vorrichtung zur Erzeugung von Muslktonwel-           seconds lignes de
signal en transmettant ledit lenformsignalen nach Anspruch 1, be! der die
signal d'onde de Fune desdites premibre et Konvertierungsmittel sine
vorgegebene nicht-        seconds lignes de signal vers rautre desdites
lineare Konvertierung   das Wellenformsignal  40     premibre et seconde
lignes de signal. von derzweiten Signalleltung im Ansprechen auf das
Musiktonsteuersignal ausuben.              2. Dispositif gbnerateur d'un
signal d'onde acousti- quo musicals selon la revendication 1, dans le- quel
lesdits moyens de boucage de signal (200) Revendlcations
45      comportent des premiers moyens d'actionne- ment (201) prbvus sur
ladite premibre ligne de si- 1. Dispositlf g6nerateur d'un signal donde
acousti-  gnal et des seconds. moyens d'actbonnement que musicale
comprenant:                          (202) prevus sur ladite seconds ligne
de signal, (a) une premibre ligne de signal (LI) par la-  lesdits premiers
moyens d'actionnement m6lan- quelle un signal d'onde est transmis vers  5o
geant lesdits signaux d'onds desdites premiere 1'avant;
et secondo lignes de signal de tells sorts qu'un si- 



(b) une seconds ligne de signal (12) par la-   gnal d'onde mblange present
en sortie desdits quelle ledit signal d'onde extrait de ladite pro-
premiers moyens d'actibnnement soat extrait de miere ligne de signal est
transmis vers i'afri&  ladite premiere ligne de signal, lesdits seconds re,
de telle sorts que ledit signal d'onde circule  55  moyens d'actbonnement
melangeant lesdits si- dans une boucle comprenant lesdites premib-    gnaux
d'onde desdites premiere et seconds li- re et seconds lignes de signal dens
laquelle   gnes de signal de telle sorts qu'un signal d'onde une
caracteristique dudit signal d'onde doit   melange present en sortie
desdits seconds 10    19                 EP 0 397 149 B1
20       *   C    L    M   S    * moyens d'actionnement soit extrait de
ladite se- conde ligne de signal. 3. Dlspositif g6nerateur d'un signal
d'onde acousti- quo musicale selon la revendication 1, dans lo-   5 quel
lesdits moyens de bouciage de signal (200) comportent: (a) des premiers
moyens additlonneurs (221) pr6vus sur ladite premiere ligne de signal pour
additlonner lesdits signaux d'onde desdit6s   lo premiere et secondo lignes
de signal de tells sorts qu'un signal d'onde additionn6 solt ex- trait de
ladite premibre ligne de signal; (b) des seconds moyens additionneurs (224)
pr6vus sur ladite seconde ligne de signal pour  1s additionner lesdits
signaux d'onde desdites premiere et seconds lignes de signal de telle sorts
qu'un signal d'onde additlonn6 soit ex- trait de ladite seconds ligne de
signal; (c) des premiers moyens de multiplication   20 (222) ins6res entre
ladite seconds ligne de si- gnal et lesdits premiers moyens addition- neurs
pour multiplier ledit signal d'ondo de la- dite seconde ligne de signal par
un premier coefficient; et                          25 (d) des seconds
moysns de multiplication (225) 1ns6res entre ladite premiere ligne de si-
gnal et lesdits seconds moyens additionneurs pour multiplier ledit signal
d'onde de ladite premlere ligne de signal par un second coef-  30 ficient.
4. Dispositif g6n6rateur d'un signal d'onde acousti- quo musicale solon la
revendlcation 1, dans Is- quel lesdits moyens de conversion offectuent  35
une conversion non l1neaire pr6d6termin6e dudit signal d'onde provenant de
ladite seconds ligne de signal en r6ponse audit signal de commando de son
musical. 40 45 50 55    


