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however, there Is no musical tone synthesizing appa- ratus which is
designed under consideration of the Field of the Invention
viscous effect as described above. The present invention relates to a
musical tone   5   SUMMARY OF THE INVENTION synthesizing apparatus which is
suitable for synthe- sizing sounds of a string-striking-type instrument
It is accordingly a primaryobjectof the present in- such as a piano.
vention to provide a musical tone synthesizing appa- ratus which can
simulate motion of the excitation vi- PriorArt
10  bration mechanism of the non-electronic musical in- strument
accompanied with the viscous characteris- There is a known musical tone
synthesizing ap-  tic. paratus which activates a simulation model of a
tone-  In an aspectof the present Invention, there is pro- generation
mechanism of the non-electronic musical  vided a musical tone synthesizing
apparatus which instrument so as to synthesize sounds of the non-  15
synthesizes sounds of a non-electronic musical in- electronic musical
instrument. This musical tone syn-  strument containing a sound-generation
element thesizing apparatus which synthesizes sounds of the  having its
specific resonance characteristic and an string-striking-type instrument or
a string-plucking-  activating element for imparting an excitation vibra-
type instrument (e.g., guitar) has a known configure-  tion to the
sound-generation element, comprising: tion containing a loop circuit and an
excitation circuit.  20  loop circuit means containing at least a delay
Herein, the loop circuit includes a delay circuit which  element; simulates
a propagation delay of vibration to be oc-     information creating means
for creating oper- curred on a string and a filter which simulates an
ation information corresponding to an operation of the acoustic loss to be
occurred on a string. In addition,  activating element; and the excitation
circuit produces and outputs an excita-  25  excitation means for computing
a relative dis- tion signal to the loop circuit, wherein this excitation
placement between the sound-generation element signal corresponds to an
excitation vibration applied  and activating element based on the operation
Infor- to the string when being plucked or struck. Inciden-  mation, then
computing repulsion force applied be- tally, this kind of musical tone
synthesizing apparatus  tween the sound-generation element and activating
is disclosed In the known documents, e.g., EP-A-0  30  element based on the
relative displacement and its 248 527 and Japanese Patent Publication
No.58-      variation in a lapse of time, and thereby outputting an 58679.
excitation signal corresponding to the repulsion force When synthesizing
the piano sound, in order to  to the loop circuit means. obtain a natural
sound quality, it is necessary to ac-  According the above-mentioned
configuration, curately simulate a string-striking mechanism corre  -35
the repulsion force mutually applied between the sponding to an excitation
vibration mechanism of the  sound-generation element and activating element
is piano. In order to achieve such object, we have pro-  computed based on
the relative displacement be- posed a musical tone synthesizing apparatus
as dis-  tween them and its variation in a lapse of time. Then, closed in
EP-A-0410476. This apparatus is designed  the excitation signal
corresponding to the repulsion to simulate movements of the hammer and the
string   40  force Is supplied to the loop circuit means. Then, the to be
struck based on an Initial velocity applied to the  excitation signal
circulating through the loop circuit hammer, an inertia mass of the hammer
and an elas-  means is picked up as a musical tone signal. Thus, it tic
characteristic of the hammer. Then, the loop circuit  is possible to
simulate the operation of the sound- inputs the excitation signal
corresponding to vibration  generation element and activating element
having the velocity of the string to be struck by the hammer.  45  viscous
characteristic, by which it is possible to syn- Meanwhile, hammer of the
actual piano employs   thesize the musical tone having natural sound
effect. a felt having the elasticity and viscosity. Such viscos- ity
affects motion of the hammer which strikes the  BRIEF DESCRIPTION OF THE
DRAWINGS string. For example, when the hammer collides with the string at
low velocity, the hammer is partially de-  50  Further objects and
advantages of the present in- formed responsive to the collision. In
contrast, when  vention will be apparent from the following descrip- the
hammer collides with the string at high velocity,  tion, reference being
had to the accompanying draw- the hammer does not follow up with the
collision but  ings wherein a preferred embodiment of the present It acts
like a rigid body. Such phenomenon is occurred  invention is clearly shown.
not only in the piano but also in the other non-elec-  55  In the drawings:
tronic musical instruments. For example, in case of    Fig. 1 Is a block
diagram showing an electric con- the guitar, the excitation vibration
mechanism, I.e., a  figuration of a musical tone synthesizing appara- pick,
has the viscous characteristic. Conventionally,  tus according to an
embodiment of the present in- 2    3                   EP 0 462 610 B1
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vention;                                        518. Fig. 2 is a block
diagram showing a detailed con-  In the loop circuit 510, each of the delay
circuits figuration of a musical tone forming portion    511, 515 is
configured as a variable delay circuit hav- shown in Fig. 1;
ing a variable delay time which simulates the propa- Fig. 3 is a drawing
illustrating a relationship be-   5   gation delay of vibration on the
string. The delay tween the hammer and string of the piano;       times of
these delay circuits 511,515 are respectively Fig. 4 is a block diagram
showing a detailed con-  controlled by delay information T1, T2 which are
figuration of a non-linear circuit shown in Fig. 2;  formed by the
string-parameter forming portion 3. For Figs. 5A, 5B are graphs
illustrating non-linear  example, this kind of variable delay circuit can
be em- characteristics to be memorized in tables shown   10  bodied by a
shift register and a selector. Herein, the in Fig. 4;
shift register is designed to delay an input signal, Figs. 6A, 6B
illustrate waveforms which are used  while the selector selectively outputs
one of stages to explain an effect of the present invention; and  outputs
of the shift register in accordancew with the de- Fig. 7 is a block diagram
showing a modified ex-  lay information T1 or T2. Incidentally, the string-
ample of the non-linear circuit shown in Fig. 2.    15  parameter forming
portion 3 forms the delay informa- tion T1, T2 in response to the keycode
information DESCRIPTION OF THE PREFERRED                       KC.
EMBODIMENT                                             The filters 513, 517
are designed to simulate the acoustic loss of the string. In general, as
the frequen- [Al Configuration                             20  cy becomes
higher, the acoustic loss becomes larger. Under consideration of such
phenomenon, these fil- Referring now to the drawings, wherein like ref-
ters are designed in form of the low-pass filter. Here- erence characters
designate like or corresponding  in, the string-parameter forming portion 3
forms and parts throughout the several views, Fig. 1 is a block  delivers
filter coefficients C1, C2 to the filters 513, diagram showing an electric
configuration of a musi-  25  517 respectively. Based on these coefficients
Cl, cal tone synthesizing apparatus according to an em-  C2, the filters
513, 517 perform the filter operation bodiment of the present invention.
corresponding to the keycode information KC. In Fig. 1, I designates a
keyboard of an electronic  The phase inverter 518 and multiplier 514 are
musical instrument, and 2 designates a key informa-  provided to simulate
the phase inverting phenomen- tion generating portion. When a key
depression is  30  on which is occurred when string vibration Is reflected
made in the keyboard 1, the key information generat-  at both edges of the
string. During the tone genera- ing portion 2 outputs keycode information
KC repre-  tion, the string-parameter forming portion 3 supplies senting
the depressed key, a key-on signal KON rep-  a multiplication coefficient
kd having a negative value resenting a key-depression event and
initial-touch in-  to the multiplier 514. Then, when the key-off signal
formation IT representing key-depression intensity.  35   KOFF is generated
in accordance with the key-re- When the depressed key is released, it
outputs a key-  lease event, absolute value of the multiplication coef- off
signal KOFF.                                   ficient kd Is reduced, so
that the musical tone is rap- Next, 3 designates a string-parameter forming
idly attenuated. portion which receives the keycode Information KC,
Next, description will be given with respect to an key-on signal KON and
key-off signal KOFF so as to  40  excitation circuit 550, which is designed
to simulate form several kinds of control information in response  motion
of the hammer and string. First, outputs of the to the keycode information
KC. Incidentally, descrip-  delay circuits 511, 515 in the loop circuit 510
are sup- tion of such control information will be given later.  plied to an
adder 551 wherein they are added together In addition, 4 designates a
hammer-parameter    so as to generate a string velocity signal Val corre-
forming portion which computes information desig-  45  sponding to
vibration velocity of the string. Then, this nating an initial velocity of
the hammer corresponding  string velocity signal Vsl is multiplied by a
multipilca- to the initial-touch information IT. When the hammer-  tion
coefficient sadm in a multiplier 552. Incidentally, parameter forming
portion 4 receives the key-on sig-  description of this coefficient sadm
will be given later. nal KON, it outputs a hammer Initial-velocity signal
Vh  Then, multiplication result [err] of the during the predetermined
period of time.       50   multiplier 552 is integrated by an Integration
circuit Next, 5 designates a musical tone forming por-  555 which consists
of an adder 553 and a one-sam- tion, of which detailed configuration is
shown in Fig.  pie-period delay circuit 554. Thereafter, the Integra- 2. In
Fig. 2, a loop circuit 510 is provided to simulate  tion circuit 555
outputs a string displacement signal the reciprocating propagation of
vibration on the  "x" which corresponds to displacement of a string SP
string. This loop circuit 510 is configured inform of the  55  from a
reference line REF shown In Fig. 3. This string closed loop which contains
a delay circuit 511, an ad-  displacement signal x is supplied to a first
input ter- der 512, a filter 513, a multiplier 514, a delay circuit  minal
of a subtractor 556. On the other hand, a ham- 515, an adder 516, a filter
517 and a phase inverter  mer displacement signal y" is supplied to asecond
In- 3    5                   EP 0 462 610 B1                 6 



put terminal of the subtractor 556. Herein, the ham-  displacement signal
y-x (.e., [err] in a lapse of time. mer displacement signal y corresponding
to displace-  This circuit 557b consists of a one-sample-period de- ment of
a hammer HM (see Fig. 3) is outputted from  lay circuit 557c and a
subtractor 557d, wherein this a delay circuit 569, which descripton
willbegiven lat-  subtractor 557d the delayed output of delay circuit er.
Then, the subtractor outputs a relative displace-   5   557c from the input
signal. ment signal "y-x" corresponding to relative displace-  Meanwhile,
the ROM 557e memorizes another ment between the hammer HM and string SP.
non-lineartable 11 as shown in Fig. 5B, wherein the rel- In the present
embodiment, the relative displace-  ative displacement signal y-x is
applied thereto as the ment signal "y-x" has a positive value when the
string  address. Herein, control information krcorresponding SP partially
cuts into the hammer HM, so that repul-  10  to the relative
displacementsignal y-x is read from the slon force corresponding to the
cut-in amount is im-  ROM 557e. This control Information kr Is multiplied
by parted between the string SP and hammer HM. On     the variation [err]of
relative displacement in a mul- the other hand, when the hammer HM slightly
touch-  tiplier 557f. Thereafter, multiplication result of the es the
string SP orthe hammer HM is positioned apart  multiplier 557f is further
multiplied by the predeter- from the string SP, the relative displacement
signal y-  15  mined coefficient R in a multiplier 557g so as to com- x is
at zero level or negative level, so that the above-  pute a second
component Fr of the repulsion force mentioned repulsion force is at zero
level.         signal F corresponding to theviscous characteristic of Next,
a non-linear circuit 557 computes the repul-  the hammer HM. This second
component Fr is sup- sion force which is imparted to the string SP from the
plied to the adder 557h wherein it is added with the hammer HM when the
hammer HM collides with the   20  first component Fs so as to form the
repulsion force string SP, thus outputting the computation result   signal
F. thereof as a repulsion force signal F. Herein, the re-  In Fig. 2, the
repulsion force signal F outputted pulsion force applied to the string SP
from the ham-  from the non-linear circuit 557 Is multiplied by "1/2" in
mer HM contains two components respectively corre-  a multiplier 558, which
multiplication result is deliv- sponding to the elastic characteristic and
viscous   25  ered to the adders 512, 516. If necessary, the repul-
characteristic of the hammer HM. Thus, in the non-lin-  sion force signal F
can be multiplied by the coefficient ear circuit 557, a first component of
the repulsion  corresponding to the resistance of velocity variation force
corresponding to the elastic characteristic of the  of the string SP so as
to compute a factor of the string hammer HM is computed on the basis of the
relative  SP which is imparted to its velocity variation, so that
displacement signal y-x, while a second component  30  this computed factor
is supplied to the loop circuit of the repulsion force corresponding to the
viscous  510. In contrast, the present embodiment is designed
characteristic of the hammer HM is computed on the  such that the
above-mentioned resistance of velocity basis of the variation of the
relative displacement sig-  variation of the string SP can be computed by
adjust- nal y-x in a lapse of time.                         ing the
foregoing multiplication coefficient sadm. Fig. 4 shows a detailed
configuration of the non-  35  In addition, output signal "F/2w of the
multiplier linear circuit 557. In Fig.. 4, non-linear tables 557a,  558 is
multiplied by a coefficient fadm in a multiplier 557e are each configured
in the form of the read-only  567 so as to compute a string velocity signal
Bs cor- memory (i.e., ROM). Herein, the ROM 557a memor-     responding to a
factor of the velocity variation which izes a non-linear table 1, as shown
in Fig. 5A, which  is applied to the string SP from the hammer HM. This
simulates the elastic characteristic of the felt of the   40  string
velocity signal Bs is delayed by one sample hammer HM, wherein the relative
displacement signal  period in a delay circuit 568, which output is
supplied y-x is inputted thereto as the address. it can be easily  to the
integration circuit 555. Thus, it is possible to read from the graph shown
in Fig. 5A that as long as  simulate the phenomenon in which displacement
of the hammerHM is positioned apartfrom the string SP  the string SP is
occurred when the hammer HM and the relative displacement signal y-x has a
nega-  45  strikes the string SP. tive value, output of the ROM 557a is at
zero level. On  Meanwhile, the repulsion force signal F is sup- the other
hand, when the hammer HM collides with    plied to a multiplier 559 to
which an inverse value - the string SP so that the relative displacement
signal  1/M" of the inertia mass M of the hammer HM is sup- y-x has a
positive value, output value of the ROM   plied as the multiplication
coefficient. As a result, the 557a will be raised in response to the
increase of the   50   multiplier 559 outputs a hammer acceleration signal
relative displacement signal y-x in accordance with  a corresponding to the
acceleration of the hammer the secondary curve shown in Fig. 5A. Then,
output  HM. This hammer acceleration signal  is subject to of the ROM 557a
is supplied to an adder 557h as a   the Integration operation in an
integration circuit 562 first component Fs of the repulsion force signal F
cor-  consisting of an adder 560 and a delay circuit 561. responding to the
elastic characteristic of the hammer  55   Thus, the integration circuit
562 outputs a hammer HM.
velocity signal [err] corresponding to the velocity varia- In Fig. 4, 557b
designates a difference circuit  tion of the hammer HM. This hammer
velocity signal which is provided to detect the variation of the relative
[err]is multiplied by the predetermined attenuation coef- 4    7
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ficlent by a multiplier 563. Then, the attenuated ham-  el. Therefore, only
the hammer initial-velocity signal mar velocity signal and the foregoing
hammer initial-  Vh is subject to the integration operation in the Inte-
velocity signal Vh formed In the hammer-parameter   gration circuit 566.
forming portion 4 are supplied to an Integration circuit  Thereafter, when
the relative displacement signal 566 consisting of an adder 564 and a delay
circuit   5   y-x exceeds over zero level and turns to positive level 565,
so that this integration circuit 566 will output the  (which corresponds to
the state where the hammer forgoing hammer displacement signal y.
HM collides with the string SP), the ROM 557a out- Thus, output of the
filter 513 is supplied to a filter  puts the first component (i.e., elastic
component) Fs 6 as the musical tone signal corresponding to the di-  of the
repulsion force signal corresponding to the rel- rect sound which is
directly generated by the string   10  ative displacement signal y-x. In
addition, the ROM SP to be vibrated. This filter 6 Imparts the resonance
557e outputs the control Information kr correspond- effect of the acoustic
plate of piano to the musical  ing to the relative displacement signal y-x,
while the tone signal. Thereafter, the digital musical tone signal
difference circuit 557b outputs the variation A(y-x) of outputted from the
flter 6 Is converted into an analog  relative displacement. Herein, at an
instant where y- signal by an digital-to-analog (D/A) converter (not  15
x=O, I.e., at an Instant when the hammer HM collides shown), so that a
speaker 7 generates the corre-    with the string SP, It can be easily read
from Fig. 5B sponding musical tone.                             that [err]
and the second component (I.e., viscous component) Fr of the repulsion
force signal is at zero [B] Operation
level. As shown in Fig. 5B, as the relative displace- 20   ment signal y-x
becomes larger, value of the control Next, description will be given with
respect to the  Information kr becomes gradually larger, resulting
operation of the present embodiment. in an initial  that the viscous
component Fr of the repulsion force state where the hammer has not struck
the string yet,  signal is gradually increased. When the relative dis- the
hammer HM is positioned apart from the string SP  placement signal y-x
reaches certain level, the con- so that the relative displacement signal
y-x is at neg-  25  trol information kr Is saturated with respect to the
rel- ative level in the musical tone forming portion 5. Thus,  ative
displacement signal y-x. Thus, the viscous com- it can be easily read from
the graphs shown in Figs.  ponent Fr of the repulsion force signal will be
varied 5A, 5B that both of the outputs Fs and kr of the ROMs  in
proportional to the variation A(y-x) of the relative 557a, 557e are at zero
level, so that the repulsion  displacement between the hammer HM and string
force signal F Is at zero level. In addition, all of the de-  30   SP. lay
circuits 554, 561, 565, 568, 569 are reset at zero  Then, the adder 557h
outputs the repulsion force level.
signal F containing the above-mentioned elastic com- When a key depression
is made in the keyboard   ponent Fs and viscous component Fr. This
repulsion 1, the key Information generating portion 2 outputs  force signal
F Is multiplied by the coefficient [err]in the keycode information KC,
key-on signal KON and   35  the multiplier 559 so as to compute the hammer
ac- initial-touch information IT in response to the de-  celeration signal
a having a negative value. There- pressed key. Then, the string-parameter
forming por-  after, this hammer acceleration signal a is subject to tion 3
outputs the delay information T1, T2 and filter  the integration operation
in the integration circuit 562 coefficients C1, C2 in accordance with the
keycode  so as to compute the hammer velocity signal [err]. Here-
Information KC, and it also outputs the multiplication   4o  In, the hammer
velocity signal [err]has a negative value, coefficient kd having a negative
value. These values  therefore, the initial-velocity signal Vh is reduced
by are set at the corresponding parts In the musical tone  the hammer
velocity signal [err] and then subject to the forming portion 5. On the
other hand, the hammer-   Integration operation. Thus, variation of the
increase parameter forming portion 4 outputs the hammer ini-  of the hammer
displacement signal ywill be gradually tial-velocity signal Vh
corresponding to the initial-  45  reduced. Meanwhile, the string velocity
signal Bs is touch Information IT, and this signal Vh is continuous-
created in response to the repulsion force signal F. ly supplied to the
integration circuit 5 in the musical  and it is subject to the integration
operation, so that tone forming portion 5 during the predetermined per-
the string displacement signal x will be varied. iod of time.
During the above-mentioned period, the hammer As a result, integration
result of the integration cir-  50  displacement signal y is Increased in
positive direc- cuit 566, i.e., hammer displacement signal y will be  tion
(representing a direction in which the hammer varied from negative level to
zero level in a lapse of  HM depresses the string SP), so that the relative
dis- time. During this period, the string displacement sig-  placement
signal y-x Is increased and the repulsion nal x Is at zero level so that
the relative displacement  force signal F is also increased. When the
absolute signal y-x Is at negative level, which corresponds to  55   value
of the hammer velocity signal [err] exceeds over the state where the hammer
HM is positioned apart   the initial-velocity signal Vh so that moving
direction from the string SR Thus, both of the repulsion force  of the
hammer HM is turned to a direction in which the signal F and hammer
velocity signal [err] are at zero lev-  hammer HM departs from the string
SP the hammer 5    9                   EP 0 462 610 B1
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displacement signal y is varied in negative direction.  nent of the
repulsion force signal F. These coeffi- Then, the relative displacement
signal y-x is gradually  cients can be set by use of a switching control,
or they reduced, while the repulsion force signal F is reduced.  can be set
In response to the initial touch and after In this case, while the relative
displacement sig-  touch of the key. In addition, the present embodiment
nal y-x is larger than certain value, the viscous com-   5   employs the
ROM memorizing the non-linear table as ponent Fr of the repulsion force
signal F may have a  the non-linearcircuit. However, It can be embodied by
value which is proportional to the variation [err] of  an operation circuit
which performs the predeter- relative displacement. When the relative
displace-  mined non-linear operation. Further, the delay circuit ment
signal y-x becomes smaller than certain value,  is not limited to the shift
register, but it can be embod- the viscous component Fr is attenuated to a
small val-  10  led by a random-access memory (I.e., RAM). Further- ue. In
case of [err] i.e., when the hammer HM depart  more, as the loop circuit
containing the delay circuit, from the string SP, the string-striking
operation of the  It Is possible to employ the wave guide as disclosed
hammer is completed.                                in EP-A-0 248 527.
Incidentally, the present embodi- As described above, the repulsion force
signal F  ment Is designed to synthesize sounds of the string- is computed
during the string-striking operation. This  15  striking-type instrument.
However, the present inven- repulsion force signal F corresponds to a
factor of ve-  tion is not limited to such embodiment, and it Is pos-
locity variation by which the hammer HM varies the  sible to apply the
present invention to the other instru- moving velocity of the string SP. In
short, this repul-  ments such as the string-plucking-type Instrument sion
force signal F Is applied to and circulated through  and wind instrument of
which sound-generation the loop circuit 510 as the excitation signal. Then,
the   20  . mechanism contains the viscous characteristic. In filter 6
imparts the resonance effect to the signal cir-  such case, it is possible
to obtain the same effect of culating through the loop circuit 510, so that
the  the present invention. The present embodiment is speaker 7 generates
the corresponding musical tone.  configured by the digital circuit.
However, the present As described heretofore, the present embodi-
Invention can be embodied by the analog circuit. Fur- ment performs a
simulation under consideration of  25  ther, the present invention can be
also embodied by the viscous effect of the hammer HM. Therefore, it is  use
of the digital signal processor (i.e., DSP) wherein possible to compute the
excitation vibration to be ap-  the software processing performs the
operation of plied to the string SP from the hammer HM with ac-  the
present invention. Therefore, the preferred em- curacy. For example, Fig.
6A shows the waveform of  bodiment described herein is Illustrative and not
re- the signal F which Is obtained by only using the ROM    30  strictive,
the scope of the Invention being Indicated by 557a without using the
circuit simulating the above-  the appended claims and all variations which
come mentioned viscous effect. In this case, the difference  within the
meaning of the claims are Intended to be circuit 557b computes the
variation A(y-x) of the rel-  embraced therein. ative displacement between
the hammer HM and string SP and this variation [err]is incorporated in  35
the repulsion force signal F. Thus, it is possible to ob-  Claims tain the
waveform of the repulsion force signal F as shown In Fig. 6B which rises up
rapidly and contains  1. A musical tone synthesizing apparatus which a
plenty of higher harmonic components as compar-       synthesizes sounds of
a non-electronic musical ing to the waveform shown in Fig. 6A.          40
instrument containing a sound-generation ele- ment having its specific
resonance characteristic [C] Modified Example
and an activating element for imparting an exci- tation vibration to said
sound-generation ele- Next, description will be given with respect to a
ment, comprising: modified example of the non-linear circuit 557 by re-  45
loop circuit means containing at least a de- ferring to Fig. 7. In Fig. 7,
as comparing to Fig. 4, the  lay element, relative displacement signal y-x
is multiplied by the        information creating means for creating output
of ROM 557e (i.e., non-linear table 11) in a mul-  operation information
corresponding to an oper- tiplier 557i. Then, multiplication result of the
multiplier  ation of said activating element; characterized by 557j is
further multiplied by the predetermined coef-  50    excitation means for
computing a relative ficient S in a multiplier 557j so as to compute the
elas-  displacement between said sound-generation tic component Fs of the
repulsion force signal. By this  element and said activating element based
on circuit, it is possible to approximately embody the con-  said operation
information, then computing repul- tents of non-linear table I as shown in
Fig. 5A. There-  sion  force  applied  between  said  sound- fore, It is
possible to omit the ROM 557a.     55       generation element and said
activating element In the present embodiment described before, the
based on said relative displacement and its vari- coefficients S, R are
provided to determine the ratio   ation in a lapse of time, and thereby
outputting an between the elastic component and viscous compo-
excitation signal corresponding to said repulsion 6    9
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displacement signal y is varied in negative direction.  nent of the
repulsion force signal F. These coeffi- Then, the relative displacement
signal y-x is gradually  cients can be set by use of a switching control,
or they reduced, while the repulsion force signal F is reduced.  can be set
in response to the initial touch and after In this case, while the relative
displacement sig-  touch of the key. In addition, the present embodiment
nal y-x Is larger than certain value, the viscous com-      employs the ROM
memorizing the non-linear table as ponent Fr of the repulsion force signal
F may have a  the non-linear circuit. However, It can be embodied by value
which Is proportional to the variation [err] of  an operation circuit which
performs the predeter- relative displacement. When the relative displace-
mined non-linear operation. Further, the delay circuit ment signal y-x
becomes smaller than certain value,  Is not limited to the shift register,
but it can be embod- the viscous component Fr is attenuated to a small val-
10  led by a random-access memory [err] Further- ue. In case of [err] when
the hammer HM depart  more, as the loop circuit containing the delay
circuit, from the string SP, the string-striking operation of the  It is
possible to employ the wave guide as disclosed hammer Is completed.
in EP-A-0 248 527. Incidentally, the present embodi- As described above,
the repulsion force signal F  ment is designed to synthesize sounds of the
string- is computed during the string-striking operation. This  15
striking-type Instrument. However, the present Inven- repulsion force
signal F corresponds to a factor of ve-  tion Is not limited to such
embodiment, and it Is pos- locity variation by which the hammer HM varies
the  sible to apply the present invention to the other instru- moving
velocity of the string SP. In short, this repul-  ments such as the
string-plucking-type instrument slon force signal F is applied to and
circulated through  and wind Instrument of which sound-generation the loop
circuit 510 as the excitation signal. Then, the   20   mechanism contains
the viscous characteristic. In filter 6 imparts the resonance effect to the
signal cir-  such case, It is possible to obtain the same effect of
culating through the loop circuit 510, so that the  the present invention.
The present embodiment is speaker 7 generates the corresponding musical
tone.  configured by the digital circuit. However, the present As described
heretofore, the present embodi-    invention can be embodied by the analog
circuit. Fur- ment performs a simulation under consideration of  25  ther,
the present invention can be also embodied by the viscous effect of the
hammer HM. Therefore, it is  use of the digital signal processor (i.e.,
DSP) wherein possible to compute the excitation vibration to be ap-  the
software processing performs the operation of plied to the string SP from
the hammer HM with ac-  the present invention. Therefore, the preferred em-
curacy. For example, Fig. BA shows the waveform of  bodiment described
herein is Illustrative and not re- the signal F which is obtained by only
using the ROM   3o  strictive, the scope of the invention being Indicated
by 557a without using the circuit simulating the above-  the appended
claims and all variations which come mentioned viscous effect. In this
case, the difference  within the meaning of the claims are Intended to be
circuit 557b computes the variation [err]of the rel-  embraced therein.
ative displacement between the hammer HM and string SP, and this variation
[err] is incorporated in  35 the repulsion force signal F. Thus, it is
possible to ob-  Claims tain the waveform of the repulsion force signal F
as shown in Fig. 6B which rises up rapidly and contains  1. A musical tone
synthesizing apparatus which a plenty of higher harmonic components as
compar-      synthesizes sounds of a non-electronic musical ing to the
waveform shown in Fig. 6A.          40      instrument containing a
sound-generation ele- ment having Its specific resonance characteristic [C]
Modified Example                                   and an activating
element for Imparting an exci- tation vibration to said sound-generation
ele- Next, description will be given with respect to a  ment, comprising:
modified example of the non-linear circuit 557 by re-  45   loop circuit
means containing at least a de- ferring to Fig. 7. In Fig. 7, as comparing
to Fig. 4, the  lay element; relative displacement signal y-x is multiplied
by the       information creating means for creating output of ROM 557e
(i.e., non-linear table II) in a mul-  operation Information corresponding
to an oper- tiplier 5571. Then, multiplication result of the multiplier
ation of said activating element; characterized by 557) Is further
multiplied by the predetermined coef-  50   excitation means for computing
a relative ficient S in a multiplier 557j so as to compute the elas-
displacement between said sound-generation tic component Fs of the
repulsion force signal. By this  element and said activating element based
on circuit, it is possible to approximately embody the con-  said operation
information, then computing repul- tents of non-linear table I as shown in
Fig. 5A. There-  sion  force applied  between  said  sound- fore, it Is
possible to omit the ROM 557a.    55       generation element and said
activating element In the present embodiment described before, the    based
on said relative displacement and its vari- coefficients S, R are provided
to determine the ratio  ation in a lapse of time, and thereby outputting an
between the elastic component and viscous compo-       excitation signal
corresponding to said repulsion 6 [err]    
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loop circuit means.                  Grundlage der Bedienungsinformation zu
be- rechnen, dann eine zwischen dam Klangerzeu- 2. A musical tone
synthesizing apparatus as de-       gungselement und dem
Aktivierungselement wir- fined in claim 1 wherein said excitation means
kende Rfickstolkraft auf der Grundlage der rela- contains a non-linear
circuit having a predeter-   5  tiven Verschlebung und ihrer zeltlichen
VerAnde- mined non-linear characteristic which computes    rung zu
berechnen und dabei eln der ROckstol3- said repulsion force based on said
relative dis-   kraft entsprechendes Anregungssignal an die placement and
its variation In a lapse of time.    Schlelfenschaltungamittein auszugeben.
3. A musical tone synthesizing apparatus as de-  10  2. Vorrichtung zur
Synthetislerung von Musikt8nen fined in claim 2 wherein said non-linear
circuit Is  nach Anspruch 1, bel der die Anregungsmittei al- configured In
a form of a non-linear table to which  ne nichtilneare Schaltung mit aoner
vorgegebe- the predetermined non-linear characteristic Is     nen
nichtllnearen Kenninie enthalten, die die memorized In advance.
Rflckstoflkraft auf der Grundlage der relativen 15      Verschlebung und
ihrer zeitlichen Veranderung 4. A musical tone synthesizing apparatus as
de-       berechnet. fined in claim 2 wherein said non-linear circuit
computes first and second components of the re-  3. Vorrichtung zur
Synthetisierung von Musiktonen pulsion force respectively corresponding to
elas-  nach Anspruch 2, bel der die nichtlineare Schal- tic characteristic
and viscous characteristic of  20  tung In elner Form einer nichtlinearen
Tabelle, in said activating element so that said first and sec-  welcher
die vorgegebene nichtilneare Kennlinie ond components are added together so
as to        Im voraus gespeichert ist, aufgebaut ist. compute said
repulsion force. 4. Vorrichtung zur Synthetisierung von Muslkt~non 5. A
musical tone synthesizing apparatus as de-  25   nach Anspruch 2, bel der
die nichtlineare Schal- fined In claim I wherein said sound-generation
tung ersta und zwelt Komponentbn der RMick- element is a string and said
activating element is  stol~kraft jeweils entsprechend der elastischen a
hammer of a piano.                               Elgenschaft und
viskoelastischen Eigenschaft des Aktivierungselementes berechnet, so daM 6.
A musical tone synthesizing apparatus as de-  30   die erste und zwelte
Komponente zusammen ad- fined in claim 1 wherein said sound-generation
dlert werden, um die RfickstoBkraft zu berech- element Is a string and said
activating element is  nen. a pick of a guitar. 5. Vorrichtung zur
Synthetisierung von Musiktonen 7. A musical tone synthesizing apparatus as
de-  35   nach Anspruch 1, bei der das Klangerzeugungs- fined in claim 1
wherein said relative displace-   element eine Saite ist, und das
Aktivierungsele- ment variation in a lapse of time corresponds to   ment
ein Hammer elnes Kiaviers ist. viscous characteristic of said activating
element. 6. Vorrichtung zur Synthetislerung von Muslkt8nen 40      nach
Anspruch 1, bel dem das Klangerzeugungs- >  Patentanspruche
element eine Saite let, und das Aktivierungsele- ment ein Plektrum einer
Gitarre Ist. 1. Vorrichtung zurSynthetisierung von Musiktonen, die KiAnge
eines nichtelektronischen Muslkn-    7. Vorrichtung zur Synthetislerung von
Musiktonen strumentes synthetislert, das ein Kangerzeu-  45   nach Anspruch
1, bel dem die zeitliche Verande- gungselement mit eaner spezifIschen
Resonanz-      rung der relativen Verschlebung der viskoelasti- eigenschaft
und ein Aktivierungselement enthalt,   schen Elgenschaft des
Aktiviarungselementas um elne Anregungsschwingung an dieses Klang-
entspricht. erzeugungselement zu geban, folgendes aufwel- send:
50 Schleifenschaltungsmittel mit wenigsbens elnem  Revendications
Verzogerungselement; lnformationserzeugungsmittel zur Erzeugung el-  1.
Dispositif de synthbse de sons musicaux qui ner Bedienungsinformatlon, die
elner Bedienung     synth6tise des sons d'un Instrument musical non des
Aktivierungsalementes entspricht; gekenn-  55  6lectronique contbnantun
6e6mentde gen6ration zeichnet durch Anregungsmittbl, um eine relative   de
sons comportant une caracterlstique de r6- Verschiebung zwischen dem
Klangerzeugungs-         sonnance propre et un 6lement d'activatlon pour
element und dem Aktivlarungsaelement auf der       fournir une vibration
d'excitations audit 6l6ment 7 I1IIIIIC II11  111    S11111111111    
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sons, comprenant:                 deplacement relatif duns un Intbrvalle de
temps - des moyens formant circuit en boucle           correspond A une
caract~ristique visqueuse dudit comprenant au moins un el6ment A retard,
6elment d'activation. - des moyens de cr6ation d'informations pour cr6er
des informations de fonctionne-   5 ment correspondant A un fonctionnement
dudit bl6ment d'activation ; caracterisb on ce qu'il comporte des moyens
d'excitation pour calculer un dbplacement relatif entre ledit 6i6ment de
gen6ration de sons et ledit  1o el6ment d'activation base sur lesdites
Infor- mations de fonctionnement, puis calculer une force de r6pulsion
appliqubs entre ledit 6l6ment de g6n6ration de sons et ledit 6I6- ment
d'activation base sur ledit dbplace-  15 ment relatif et sa variation dans
un interval- le de temps, et fournir ainsi en sortie aux- dits moyens
formant circuit en boucle un si- gnal d'excitation correspondent a ladite
for- ce de repulsion.                      20 2. Dispositif de synthese de
sons musicaux solon la revendication 1, dans lequel lesdits moyens d'ex-
citation comportent un circuit non lin6aire comportant une caract6ristique
non lineaire pre-  25 d6termlnee qui calcule ladite force de repulsion
basee sur ledit d6placement relatif et sa variation dens un Intervalle de
temps. K   3. Dispositif de synthese de sons musicaux solon la  30
revendlcation 2, dans lequel ledit circuit non II- n6aire est configurb
sous la forme d'une table non Iln6aire dans laquelle la caracthristique non
lineaire pr6determinee est memorisee par l'avan- ce.
35 4. Dispositif de synthese de sons muslcaux solon la revendication 2,
dens lequel ledit circuit non II- n6alre calcule des premiere et seconde
compo- santos de la force rbpulsive, correspondent res-  40 pectivement A
une caracteristique elastique et une caractbristique visqueuse dudit
6i6ment d'activation de telle sorte que lesdites premibre et seconds
composante sont additionnees afin de calculer ladito force de repulsion.
45 5. Dispositif de synthese de sons musicaux solon la revendication 1,
dans loquel ledit 616ment de gb- neration de sons est une corde et ledit
elbment d'eactivation est un marteau d'un piano.   50 6. Dispositif de
synthbse de sons musicaux solon la revendlcation 1, dens lequel ledit
elbment de gb- neration de sons est une corde et lodit 6l6ment d'activation
est un pincement d'une gultare.  55 7. Dispositif de synthbse de sons
musicaux sclon la revendication 1, dans lequel ladito variation de 8
I*IflhIC II 111111 S11 11 I    


