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ly, when playing the guitar or violin, the string, provid- ed next to the
actually plucked string, resonates to the The present invention relates to
a musical tone  vibration of the actually plucked string, which allows
synthesizing apparatus according to the ptrecharac-  generation of the
musical sound having the pleasant terizing part of claim 1, which is
suitable for synthe-   5   sound quality. However, the conventional
apparatus sizing a musical tone of a string-striking-type instru-  cannot
accurately reproduce the sounds which char- ment such as a piano and a
string-plucking-type in-  acteristic is affected by the pitch difference or
the strument such as a guitar.                        foregoing mutual
interference among the strings. Conventionally, there is a known musical
tone    It Is accordingly a primary objectofthe present in- synthesizing
apparatus which activates a simulation  10  vention to provide a musical
tone synthesizing appa- modelforthe musical tone generation ofthe non-elec-
ratus capable of reproducing the sounds of which tronic musical instrument
to thereby synthesize   characteristics are affected by the pitch
difference sounds of the non-electronic musical instrument. The  and mutual
interference between the strings. conventionally known musical tone
synthesizing ap-   The solution of this problem is achieved by the paratus,
which Is designed to synthesize sounds of  15  provision of at least one
additional loop means includ- the percussion-type instrument or
string-plucking-  ing atleast one delay elementfor circulating the signal
type instrument, has a configuration including a loop  therein and
connection means for connecting said circuit and an excitation circuit.
Herein, the loop circuit  first loop means and said at least one additional
loop further includes a delay circuit simulating the propa-  means together
such that a signal picked up from the gation delay of vibration of the
string and a filter sim-  20  first loop means is introduced into said at
least one of ulating the acoustic loss to be occurred by the string.  said
additional loop means, said excitation means re- In addition, the
excitation circuit supplies an excita-  ceiving a feedback signal from at
least one of the loop tion signal to the loop circuit, wherein this
excitation  means to affect the value of the excitation signal, signal
corresponds to an excitation vibration to be oc-  wherein a synthesized
musical tone signal Is picked curred when plucking or striking the string.
The  25  up from at least one of said loop means and said con-
above-mentioned apparatus is disclosed in Japanese  nection means. Patent
Laid-Open Publication No. 63-40199 and Jap-   Further objects and
advantages of the present in- anese Patent Publication No. 58-58679, for
example.  vention will be apparent from the following descrip- ICASSP 90,
vol. 3, 3. April 1990, Albuquerque,  tion, reference being had to the
accompanying draw- Convention Center, pages 1157 - 1180 discloses a   30
Ings wherein preferred embodiments of the present musical tone synthesizing
apparatus having a loop  invention are clearly shown. means including a
delay element and an excitation    In the drawings: means for inputting an
excitation signal Into said loop  Fig.  is a block diagram showing
configuration of means. The author of this reference discusses the    a
musical tone synthesizing apparatus according problem of adding natural
sounding noise to the mu-  35  to a first embodiment of the present
invention; sical tone generated by said musical tone synthesiz-  Fig. 2 is
a block diagram showing detailed config- ing apparatus. However, the known
musical tonesyn-   uration of a string-parameter forming portion thesizing
apparatuses do not include any means       shown In Fig. 1; which account
for the physical fact that there is a mu-  Fig. 3 is a diagram showing
storing contents of a tual interference among the strings of the string in-
40  parameter memory shown in Fig. 2; strument. Therefore the sound of
those conventional  Fig. 4 is a block diagram showing detailed config-
instruments remains artificial.                      uration of a
hammer-parameter forming portion In general, the piano provides plural
strings with  shown in Fig. 1; respect to each key. Strictly speaking, each
string  Fig. 5 is a block diagram showing detailed config- has a different
tension characteristic, so that each   45  uration of a musical tone
forming portion shown string may produce a slightly different pitch. As a
re  in Fig. 1; sult unique sounds can be sounded from each piano.    Fig. 6
is a drawing illustrating a simulation model More specifically, vibration
energy applied to each  wherein a hammer strikes a string In the piano;
string propagates toward another string via a fret por-  Fig. 7 is a graph
showing relationship between a tion. Therefore, "mutual interference is
made be-  50  relative displacementsignal "y-x" and a repulsion tween the
strings via the fret portion, so thatthe piano  force signal "F" shown In
Fig. 5; can produce a sound having a delicate fluctuation.   Figs. 8 to 10
are block diagrams each showing Herein, the mutual interference does not
designate a  detailed configuration of a musical tone forming mere
interference of wave but it designates an inter-  portion according to
another embodiment of the ference of vibration energy, so that it can be
defined   55  present invention. as "mutual interference with energy
exchange". Such   Now, description will be given with respect to the
phenomenon can be found in the performance of the  preferred embodiments of
the present invention by guitarandviolin otherthanthe piano. More
specifical-  referring tothe drawings, wherein like reference char- 2   
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orcorresponding parts through-  Vh corresponding to the initial-touch
Information IT. out the several views.
Meanwhile, 5 designates a musical tone forming portion, which is configured
as shown in Fig. 5. This [A] First Embodiment
musical tone forming portion 5 is designed to form a 5   piano sound
providing two strings with respect to (1) Configuration
each key. In Fig. 5, the musical tone forming portion 5 contains two loop
circuits 510,520 each having the Fig.1 isa blockdiagram showing
configuration of  similar configuration, wherein the loop circuit 510 the
musical tone synthesizing apparatus according to  consists of a filter 511,
an adder 512, a delay circuit the first embodiment of the present
invention. In Fig.  10  513, a multiplier514, an adder 515, afilter516, an
ad- 1, 1 designates a keyboard provided forthe electronic  der 517, a delay
circuit 518 and a phase Inverter 519. musical instrument, and 2 designates
a key Informa-  Each of these loop circuits 510, 520 is designed to tion
generating portion. Herein, when a key depres-  simulate the reciprocating
propagation of the vibra- sion is made in the keyboard 1, the key
information  tion on each of two strings. generating portion 2 outputs
keycode information KC   15  The delay circuits 513, 518 are configured as
the representing the depressed key, a key-on signal KON  variable delay
circuit of which delay time can be var- representing the key-on event and
initial-touch infor-  ied, so that they are designed to simulate the propa-
mation IT representing the key-depression intensity.  gation delay of the
vibration with respect to a first On the other hand, when the depressed key
is re-   string within two strings. Herein, their delay times are leased,
the key information generating portion 2 out-  20  controlled in response
to the delay information T1, T2 puts a key-off signal KOFF.
to be generated from the foregoing string-parameter In addition, 3
designates a string-parameter    forming portion 3. Similarly, other delay
circuits 523, forming portion which is configured as shown in Fig.  528
corresponding to a second string are supplied 2 by a microprocessor 31 and
a parameter memory    with other delay information T3, T4. Such variable
de- 32, wherein this parameter memory 32 is embodied   25  lay time can be
embodied by a shift registerand a se- by a read-only memory (ROM). Upon
receipt of the   lector, for example. Herein, the shift register delays
keycode Information KC and key-on signal KON or    an input signal, and the
selector selectively outputs a key-off signal KOFF, the microprocessor 31
com-    delayed output at each stage of the shift register In putes delay
information T1-T4, filter coefficients C1-  accordance with the delay
information. C4 and multiplication coefficients k1-k6 on the basis  30  In
case of the actual acoustic piano, the same of the keycode Information KC.
Each of the above-  tension cannot be always imparted to each of the
mentioned parameters is stored in the parameter    strings corresponding to
each key, which occurs the memory 32 as shown In Fig. 3. Upon receipt of
the  so-called de-tune effect. Thus, under consideration key-on signal KON,
the microprocessor 31 reads de-  of such de-tune effect to be normally
occurred in the sirable information corresponding to the keycode in-  35
piano, the delay information T1-T4 is set such thatthe formation KC from
the parameter memory 32. Inci-  total delay times of the loop circuits 510,
520 will dentally, detailed description will be given later with  roughly
correspond to the same pitch but they are respect to each parameter T1-T4,
C1 -C4, k1-k6.    slightly different from each other. In Fig.
1,4designatesa hammer-parameterform-       Each pair of the filters 511,
516 and 521, 526 is Ing portion, which is configured as shown in Fig. 4. In
40  designed to simulate the acoustic loss to be occurred Fig. 4, a R-S
flip-flop (i.e., reset-set-type flip-flop) 43  with respect to each string.
Normally, as the pitch be- is set by the key-on signal KON, so that an
output Q  comes higher, the acoustic loss becomes larger. thereof is
inputted into a D-type flip-flop (i.e., de-  Thus, these filters are
embodied as the low-pass fil- layed-type flip-flop) 44 in synchronism with
a dock [err]  ter. Herein, the filter coefficients C1, C2, C3, C4 gen- to
be produced by every predetermined period. Then,  45  erated from the
string-parameter forming portion 3 the R-S flip-flop 43 is reset by an
output Q of the D-  are supplied to the filters 511, 516, 521, 526 respec-
type flip-flop 44. In addition, an AND gate 42 inputs  tively. Based on
these coefficients, each filter per- the clock [err] and output Q of the
flip-flop 43, so that the  forms the filtering operation corresponding to
the key- output thereof is supplied to a ROM 41 (i.e., key-ve-  code
information KC. locity conversion table) as an output enable signal  50
Each pairofthe phase inverter519, multiplier514 OE. This ROM 41 pre-stores
information representing  and phase inverter 529, multiplier 524 is
provided to the hammer velocity corresponding to the initial-  simulate the
phase inversion phenomenon which is touch Information IT.
occurred when the vibration is reflected at both edges In the
hammer-parameter forming portion 4, after  of each string. During
generation of the musical tone, receiving the key-on signal KON, the ROM 41
is set  55  the multipliers 514, 524 are supplied with negative in the
enable state during the period corresponding to  multiplication
coefficients k2, k4 from the string- one cycle of the clock [err], so that
the hammer-parame-  parameter forming portion 3. Then, when the key-off
terforming portion 4 outputs a hammervelocity signal  signal KOFF is
generated in accordance with the key 3  
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multiplication coefficients k2, k4  The above-mentioned relative
displacement sig are switched over by the string-parameter forming  nal y-x
outputted from the subtractor 556 is supplied portion 3 so that their
absolute values are reduced.  to a non-linear circuit 557. Based on the
relative dis- Thus, the musical tone will be rapidly attenuated.  placement
signal y-x, the non-linear circuit 557 com- The output of the delay circuit
513 in the loop cir-   5   putes a repulsion force signal F corresponding
to the cult 510 is supplied to a multiplier M2wherein it is mul-  repulsion
force to be occurred between the string SP tiplied by the multiplication
coefficient k2. Then, mul-  and hammer HM. This non-linear circuit 557 is
em- tiplication result of the multiplier M2 is introduced into  bodied by a
ROM which memorizes table of a non-lin- the loop circuit 520 via an adder
525. Similarly, the  earfunction having the quadratic curve characteristic
output of the delay circuit 523 in the loop circuit 520   10  as shown in
Fig. 7, for example. is supplied to a multiplier M1 having the
multiplication  The above-mentioned repulsion force signal F is coefficient
k1. Then, multiplication result of the mul-  supplied to the adders 512,517
in the loop circuit 510 tiplier Ml is introduced into the loop circuit 510
via an  and it is also supplied to the adders 522, 527 in the adder 515.
Due to such configuration, signal transfer  loop circuit 520. According to
the general circuit con- is made between the loop circuits 510, 520, which
15  figuration, the repulsion force signal F Is multiplied by simulates the
mutual interference between the      the coefficient corresponding to the
resistance repre- strings. Incidentally, each of the multiplication coeffi-
senting the velocity variation of the string SP so as to cients k1, k2 is
set further smaller than "1" . In short,  compute the velocity variation
component of the these coefficients are set in response to the degree
string SP, and a half value of the computed velocity of the mutual
interference to be embodied.    20  variation component is supplied to the
loop circuits Next, description will be given with respect to an  510, 520.
However, the present embodiment is de- excitation circuit 550 which is
designed to produce an  signed different from such general circuit
configura- excitation signal corresponding to the excitation vi-  tion. In
the present embodiment, it is possibleto incor- bration to be imparted to
the string by the hammer.  porate the above-mentioned resistance
representing The outputs of the filters 521, 528 in the loop circuit  25
the velocity variation of the string SP in the computa- 520 are supplied to
an adder 551 wherein they are  tion by adjusting the multiplication
coefficient sadm. added together. Then, the adder 551 outputs a string
Meanwhile, the repulsion force signal F is multi- velocity signal Vs1
corresponding to the vibrating ve-  plied by a coefficient fadm in a
multiplier 567 so as to locity of the string. This string velocity signal
Vs1 is  compute a string velocity signal [err]s corresponding to multiplied
by a coefficient sadm In a multiplier 552. In-  30  the velocity variation
component which is applied to cidentally, detailed description of this
coefficient  the string SP by the hammer HM. This string velocity sadm will
be given later.                          signal [err]s is delayed by one
sample period by a delay Then, multiplication result of the multiplier 552,
circuit 568, so that the delayed output is supplied to i.e.,
"sadm[err]Vs1", is subject to the integration in an in-  the integration
circuit 555. Thus, it is possible to sim- tegration circuit 555 consisting
of an adder 553 and a   35  ulate the phenomenon in which the string SP is
sub- one-sample-period delay circuit 554. Thus, the inte-  jectto the
displacement to be occurred when the ham- gration circuit 555 outputs a
string displacement sig-  mer HM strikes the string SP. nal "x"
representing displacement of a piano string SP   The repulsion force signal
F is also supplied to a from a reference line REF as illustrated in Fig. 6.
Such  multiplier 559 to which a multiplication coefficient"- string
displacement signal xis supplied to a first input  40  1/M" (where M
denotes inertia mass of the hammer terminal of a subtractor 556. Herein, a
second input  HM) is given. As a result, the multiplier 559 outputs a
terminal of the subtractor 556 is supplied with a ham-  hammer acceleration
signal a corresponding to the mer displacement signal "y", representing
displace-  acceleration of the hammer HM. This hammer accel- mentofa hammer
HM (see Fig. 6),from an integration  eration signal a is integrated by an
integration circuit circuit 566 which will be described later in detail.
45  562 consisting of an adder 560 and a delay circuit Thus, the subtractor
556 outputs a relative displace-  561. Thus, the integration circuit 562
outputs a ham- ment signal "y-x" representing relative displacement
mervelocity signal [err] corresponding to the velocityva- between the
hammer HM and string SP.               riation component of the hammer HM.
This hammer In the case where the string SP partially cuts into  velocity
signal [err] is supplied to a multiplier 563 where- the hammer HM, the
relative displacement signal y-x  50  in it is multiplied by the
predetermined attenuation has a positive value, so that the repulsion force
cor-  coefficient. Then, both of the output of multiplier 563 responding to
the cutting amount is imparted to the  and the hammer velocity signal Vh
(representing the string SP and hammer HM. On the other hand, In the
initial velocity of the hammer) which is generated case where the hammer HM
slightly touches the      from the foregoing hammer-parameter forming por-
string SP or the hammer HM is positioned apart from   55  tion 4 are
supplied to the integration circuit 566 con- the string SP, the relative
displacement signal y-x has  sisting of an adder 564 and a delay circuit
565, so that a negative value, representing that the repulsion  this
integration circuit 566 outputs the foregoing ham- force is at zero level.
mer displacement signal y. 4 
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delay circuits 513, 523 In the  senting a state where the hammer HM
collides with loop circuits 510, 520 are respectively supplied to  the
string SP) and turns to the positive, the non-linear multipliers M11, M12
wherein they are multiplied by  circuit 557 outputs the repulsion force
signal F corre- respective multiplication coefficients. The multiplica-
sponding to the relative displacement signal y-x. tion results of the
multipliers M11, M12 are added to-   5   Then, the multiplier 559
multiplies this repulsion force gether in an adder A5, which addition
result is output-  signal F by the coefficient "-1/M" to thereby compute
ted as the musical tone signal representing the direct  the hammer
acceleration signal [err] (having a negative sound to be directly produced
by the vibration of the  value), which is integrated into the hammer
velocity string SP. Then, a filter 6 shown in Fig. 1 imparts res-  signal
[err] by the integration circuit 562. Atthis time, the onance effect to
this musical tone signal, wherein this  10  hammer velocity signal [err] is
at the negative level, so resonance effect simulates the resonance
character-  that the Initial velocity signal Vh is attenuated (or de- istic
of the acoustic board of the piano. Thereafter, a  celerated) by the hammer
velocity signal [err]. There- digital-to-analog converter (i.e., D/A
converter, not  fore, the integration circuit 566 performs the integra-
shown) converts such digital musical tone signal into  tion operation on
such attenuated signal, so that in- an analog musical tone signal,
according to which a   15  crease of the hammer displacement signal y will
be speaker 7 sounds the corresponding musical tone.   gradually reduced in
a lapse of time. In addition, the foregoing string velocity signal [err]s
corresponding to (2) Operation                                      the
repulsion force signal F is supplied to the integra- tion circuit 555
wherein it is subject to the integration Next, description will be given
with respect to the   20  so as to vary the string displacement signal x.
operation of the first embodiment described above.     During the
above-mentioned operation period, In an initial state where the hammer has
not    the hammer displacement signal y is increased in a struck the string
yet, the hammer HM is positioned  positive direction (representing a moving
direction of apart from the string SP, so that in the musical tone  the
hammer HM by which the string SP is partially cut forming portion 5, the
relative displacement signal y-  25  Into the hammer HM), so that the
relative displace- x has a negative value, therefore, the repulsion force
ment signal y-x will be increased. As a result, the re- signal F is atzero
level. In addition, all of the delay cir-  pulsion force signal F is
increased as shown by an ar- cuits 554, 561, 565 are reset
row F1 in Fig. 7. When the key-depression is made in the key-        The
acceleration signal a is outputted in accor- board 1, the key information
generating portion 2 out-  30  dance with the above-mentioned repulsion
force sig- puts the keycode information KC, key-on signal KON  nal F,
resulting that the hammervelocity signal [err] is in- and initial-touch
information IT. In response to the  creased In a negative direction
(representing a direc- keycode information KC, the string-parameter form-
tion by which the hammerHM is moved apartfrom the ing portion 3 outputs the
delay information T1-T4, fil-  string SP). Then, when the absolute value of
the ham- tercoefficients C1-C4 and multiplication coefficients  35   mer
velocity signal [err] exceeds the value of initial ve- k1-k6, which are set
to the corresponding parts In the  locity signal Vh so thatavelocity
direction of the ham- musical tone forming portion 5. Then, the hammer-
mer HM is turned and the hammer HM Is moved apart parameter forming portion
4 computes the hammer    from the string SP, the hammer displacement signal
initial velocity in response to the initial-touch informa-  y is varied In
a negative direction. Thus, the relative tion IT, so that the hammer
initial velocity signal Vh Is  40  displacement signal y-x is gradually
reduced, result- outputted during the period corresponding to one cy-  ing
that the repulsion force signal F is also reduced cle of the clock [err].
This signal Vh is supplied to the in-  (see an arrow F2). When reaching a
state where "y-x tegration circuit 566 in the musical tone forming por-  <
0" representing that the hammer HM Is positioned tion 5.
apart from the string SP, the string striking operation Asa result,
Integration result of the integration cir-  45  of the hammer HM is
completed. cult 566, i.e., hammer displacement signal y varies in  As
described heretofore, the repulsion force sig- a direction from the
negative to the positive in a lapse  nal F is computed in the string
striking operation, and of time. During this period, the string
displacement  this repulsion force signal F is supplied to the loop cir-
signal x is remained at zero level, so that the relative  cuits 510, 520 as
the excitation signal, i.e., the veloc- displacement signal y-x will have a
negative value   50  ity variation component which is imparted from the
(representing a state where the hammer HM is posi-  hammer HM to the string
SP. Then, the excitation sig- tioned apart from the string SP). Thus, as
shown in  nal will be circulated through each of the loop circuits Fig. 9,
the repulsion force signal F is at zero level, so  510, 520. In addition,
the signal circulating through that the hammer velocity signal [err] is
also at zero level.  the loop circuit 510 is introduced Into the loop
circuit Therefore, the hammerinitial velocitysignal Vh is only  55   520
via the multiplier M2, while the signal circulating subject to the
integration in the integration circuit 566.  through the loop circuit 520
is introduced into the loop Thereafter, when the value of relative
displace-  circuit 510 via the multiplier M1. Thus, it is possible to ment
signal y-x exceeds over the zero level (repre-  simulate the mutual
interference to be occurred be- 
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strings.                                the spectrum. The outputs of the
loop circuits 510, 520 are re- spectively passed through the multipliers
M11, M12  [E] Modified Example and then added together In the adder A5, so
that the musical tone signal is formed. Then, the filter 6 im-   5  The
above-mentioned embodiments are all de- parts the resonance effect to the
musical tone signal,  signed to simulate the vibration manner of the piano
so that the speaker 7 sounds the corresponding mu-  in which the hammer
strikes plural strings. Such con- sical tone.
figuration can be also used to simulate the resonating manner of the open
string of the guitar, violin or the [B] Second Embodiment
10  like. In this case, the excitation is not inputted into all loop
circuits but it is inputted into one loop circuit of Fig. 8 shows the
detailed configuration of the mu-  which delay time is set corresponding to
the desirable sical tone forming portion employed In the musical  pitch. In
addition, the delay time corresponding to the tone synthesizing apparatus
according to a second  pitch of the open string provided adjacent to the
string embodiment of the present invention. This second   15  which is
actually plucked is set to the other loop cir- embodiment is designed to
simulate the sound of the  cuits to which the excitation signal is not
inputted. piano which provides three strings with respect to  Thus, it is
possible to form the musical tone signal cor- each key. As comparing to the
first embodiment as  responding to the desirable pitch in the loop circuit
to shown in Fig. 5, the second embodiment further pro-  which the
excitation signal is Inputted. Then, this mu- vides a loop circuit 530
corresponding to the third  20  sical tone signal is supplied to the other
loop circuits string. In order to simulate the mutual interference to  so
as to form a musical tone signal corresponding to be occurred among three
strings, this loop circuit 530  a resonating sound to be sounded from the
open is connected to the other loop circuits 510, 520 by  string. Further,
by inputting the excitation signal into means of multipliers M6 to M9
(having respective mul-  only one loop circuit In the foregoing first and
second tiplication coefficients k6 to k9).          25  embodiments, It is
possible to obtain the effect of the so-called "una corda" pedal. [C] Third
Embodiment                                  Incidentally, all of the
embodiments described heretofore are embodied by the digital circuitry. In-
Fig. 9 shows the detailed configuration of the mu-  stead, it is possible
to embody the present invention sical tone forming portion employed In the
musical  30  by the analog circuitry, in which effects similar to tone
synthesizing apparatus according to a third em-  those of the digital
circuitry can also be obtained. As bodiment of the present Invention. As
comparing to  the loop circuit containing the delay circuit, it is pos- the
first embodiment shown in Fig. 5, the third em-  sible to employ the
wave-guide as disclosed in Japa- bodiment employs delay circuits 601, 602,
instead of  nese Patent Laid-Open Publication No. 63-40199. the foregoing
multipliers M1, M2, as a means which  35  In addition, number of the loop
circuits can be set connects the loop circuits 510, 520 together. There-
corresponding to numberof the strings to be provided fore, this third
embodiment can accurately simulate  with respect to each key. Further, it
is possible to mod- the propagation manner of vibration in which vibration
ify the first embodiment shown in Fig. 5, such that of each string
propagates from one string to another  other loop circuits corresponding to
all of the open string via the fret portion with a change of the vibra-  40
strings other than the actually plucked string are fur- tion phase.
ther provided and these loop circuits are connected together with the
foregoing loop circuits 510, 520. [D] Fourth Embodiment
Thus, it is possible to simulate the unique sound ef- fectto be applied
when stepping on the damper pedal. Fig. 10 shows the detailed configuration
of the   45  Lastly, this invention may be practiced orembod- musical tone
forming portion employed in the musical  ied in still other ways without
departing from the tone synthesizing apparatus according to a fourth  scope
of the invention as described heretofore. embodiment of the present
invention. As comparing  Therefore, the preferred embodiments described to
the first embodiment shown in Fig. 5, the fourth em-  herein are
illustrative and not restrictive, the scope of bodimentemploysfilters
603,604, instead of the fore-  50  the invention being indicated bythe
appended claims going multipliers M1, M2, as a means which connects  and
all variations which come within the meaning of the loop circuits 510, 520
together, wherein these fil-  the claims are Intended to be embraced
therein. ters 603, 604 are designed to simulate the frequency
characteristic corresponding to the vibration loss to be occurred at the
fret portion. Therefore, this fourth  55   Claims embodiment can accurately
simulate the propagation manner of vibration in which vibration of each
string  1. A musical tone synthesizing apparatus compris- 
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EP0459393B1                      10 tween the strings.
the spectrum. The outputs of the loop circuits 510, 520 are re- spectively
passed through the multipliers M11, M12      Modified Example and then
added together in the adder A5, so that the musical tone signal is formed.
Then, the filter 6 im-   5  The above-mentioned embodiments are all de-
parts the resonance effect to the musical tone signal,  signed to simulate
the vibration manner of the piano so that the speaker 7 sounds the
corresponding mu-  in which the hammer strikes plural strings. Such con-
sical tone.                                         figuration can be also
used to simulate the resonating manner of the open string of the guitar,
violin or the [B] Second Embodiment                          10  like. In
this case, the excitation is not inputted into all loop circuits but it is
inputted into one loop circuit of Fig. 8 shows the detailed configuration
of the mu-  which delay time is set corresponding to the desirable sical
tone forming portion employed in the musical  pitch. In addition, the delay
time corresponding to the tone synthesizing apparatus according to a second
pitch of the openstring provided adjacent to the string embodiment of the
present invention. This second   15  which is actually plucked is set to
the other loop cir- embodiment is designed to simulate the sound of the
cuits to which the excitation signal is not inputted. piano which provides
three strings with respect to  Thus, it is possible to form the musical
tone signal cor- each key. As comparing to the first embodiment as
responding to the desirable pitch in the loop circuit to shown in Fig. 5,
the second embodiment further pro-  which the excitation signal is
inputted. Then, this mu- vides a loop circuit 530 corresponding to the
third  20  sical tone signal is supplied to the other loop circuits string.
In order to simulate the mutual Interference to  so as to form a musical
tone signal corresponding to be occurred among three strings, this loop
circuit 530  a resonating sound to be sounded from the open is connected to
the other loop circuits 510, 520 by  string. Further, by Inputting the
excitation signal into means of multipliers M6 to M9 (having respective
mul-  only one loop circuit in the foregoing first and second tiplication
coefficients k6 to k9).            25  embodiments, it Is possible to
obtain the effect of the so-called "una corda" pedal. [C] Third Embodiment
Incidentally, all of the embodiments described heretofore are embodied by
the digital circuitry. In- Fig. 9 shows the detailed configuration of the
mu-  stead, it is possible to embody the present invention sical tone
forming portion employed in the musical  30   by the analog circuitry, in
which effects similar to tone synthesizing apparatus according to a third
em-  those of the digital circuitry can also be obtained. As bodiment of
the present invention. As comparing to  the loop circuit containing the
delay circuit, it is pos- the first embodiment shown In Fig. 5, the third
em-  sible to employ the wave-guide as disclosed in Japa- bodiment employs
delay circuits 601, 602, instead of  nese Patent Laid-Open Publication No.
63-40199. the foregoing multipliers M1, M2, as a means which   35  In
addition, number of the loop circuits can be set connects the loop circuits
510, 520 together. There-  corresponding to number of the strings to be
provided fore, this third embodiment can accurately simulate  with
respectto each key. Further, it Is possible to mod- the propagation manner
of vibration in which vibration  ify the first embodiment shown in Fig. 5,
such that of each string propagates from one string to another  other loop
circuits corresponding to all of the open string via the fret portion with
a change of the vibra-  40  strings other than the actually plucked string
are fur- tion phase.                                         ther provided
and these loop circuits are connected together with the foregoing loop
circuits 510, 520. [D] Fourth Embodiment
Thus, it is possible to simulate the unique sound ef- fectto be applied
when stepping on the damper pedal. Fig. 10 shows the detailed configuration
of the   45  Lastly, this invention may be practiced or embod- musical tone
forming portion employed in the musical  ied in still other ways without
departing from the tone synthesizing apparatus according to a fourth
scope of the invention as described heretofore. embodiment of the present
invention. As comparing   Therefore, the preferred embodiments described to
thefirstembodiment shown in Fig. 5, the fourth em-  herein are illustrative
and not restrictive, the scope of bodimentemploys filters 603,604, instead
ofthefore-  50  the invention being indicated bythe appended claims going
multipliers M1, M2, as a means which connects  and all variations which
come within the meaning of the loop circuits 510, 520 together, wherein
these fil-  the claims are intended to be embraced therein. ters 603, 604
are designed to simulate the frequency characteristic corresponding to the
vibration loss to be occurred at the fret portion. Therefore, this fourth
55   Claims embodiment can accurately simulate the propagation 



manner of vibration in which vibration of each string  1. A musical tone
synthesizing apparatus compris- propagates through the fret portion with a
change of    ing: 6    11                  EP 0 459 393 B1
12 parameter generating means (3, 4) for        delay times of said first
and second loop means generating a parameter corresponding to a musi-
respectively. cal tone to be generated; at least one first loop means (510)
includ-  7. A musical tone synthesizing apparatus as de- ing atleastone
delayelementforcirculating asig-   5  fined in anyone of the preceding
claims further nal therein, wherein a delay time by which a sig-
comprising introducing means (M1, 515) for intro- nal circulates through
said loop means is control-  ducing said signal circulating in said
additional led by said parameter;                            loop means
into said first loop means. and excitation means (550) for inputting an
excitation signal into said loop means,  10  8. A musical tone synthesizing
apparatus as de- characterized by the provision of at least   fined in
claim 1 comprising an amplitude control- one additional loop means (520)
including at least  ling means (M2) for controlling an amplitude of one
delay element for circulating a signal therein  said signal to be
introduced into said additional and connection means (M1, M2) for con-
loop means. necting said first loop means and said at least  15 one
additional loop means together such that a  9. A musical tone synthesizing
apparatus as de- signal picked up from said first loop means is in-  fined
in claim 1 comprising a filtering means (511, troduced into said at least
one of said additional  516) for filtering said signal to be introduced
into loop means, said excitation means receiving a      said additional
loop means. feedback signal from at least one of the loop   20 means to
affect the value of the excitation signal,  10. A musical tone synthesizing
apparatus as de- wherein a synthesized musical tone signal is      fined in
claim 1 comprising delay means (513, picked up from at least one of said
loop means     518) for delaying said signal to be introduced into and said
connection means.                         said additional loop means. 25 2.
A musical tone synthesizing apparatus according to claim 1 comprising an
adding means (A5) for  Patentansprilche adding outputs of said first and
second loop means together, whereby an interference with   1. Vorrichtung
zur Synthetisierung von Musiktonen energy exchange occurs so that a musical
tone is  30  mit synthesized which resembles closely the musical
Parametererzeugungsmitteln (3, 4) zur tone of a non-electronic musical
instrument        Erzeugung sines Parameters, der einem zu er- zeugenden
Musikton entspricht; 3. A musical tone synthesizing apparatus as de-
mindestens einem ersten Schlelfenmittel fined in claim 2 wherein said
non-electronic mu-  35  (510) einschlieBlich mindestens einem Verzage-
sical instrument is a piano, comprising at least a  rungselement, um darin
ein Signal zirkulieren zu string and at least a hammer.
lassen, worn sine Verzdgerungszelt sines durch die Schleifenmittel
zirkulierenden Signals durch 4. A musical tone synthesizing apparatus as
de-       den Parameter gesteuert wird; fined in claim 3 wherein the number
of said loop   40   und Anregungamitteln (550) zur Beauf- means is set
corresponding to a number of          schlagung der Schlelfenmittel mit
einem Anre- strings to be provided with respect to each key of
gungasignal, the piano.
gokenrnzelchnet durch das Vorsehen von mindestens einem zusetzlichen
Schleifenmittel 5. A musical tone synthesizing apparatus as de-  45   (520)
elnschlie~lich mindestens einem Verz8ge- fined in claims 1 to4wherein said
parametergen-    rungselement, urn darin ein Signal zirkulieren zu erating
means generates two kinds of parame-      lassen, ters, i.e., a
string-parameter corresponding to a        und von Verbindungsmitteln (Ml,
M2), urn resonance characteristic of said string and a      das erste
Schlelfenmittel und das mindestens ei- hammer-parameter corresponding to a
move-  50      ne zusatzliche Schlelfenmittel derart miteinander ment of
said hammer, so that the delay time of     zu verbinden, dal ein vom ersten
Schieifenmittel each loop means is controlled by said string-
aufgenommenes Signal In das mindestens eine parameter, while said
excitation signal is control-  der zusAtzllchen Schlelfenmittel eingefrlhrt
wird, led by said hammer-parameter.                      wobel die
Anregungsmittl ein Rfckkopplungssi- 55      gnal von mindestens einem der
Schielfenmittel 



6. A musical tone synthesizing apparatus as de-       erhalten, um den Wert
des Anregungssignals zu fined in anyone of the preceding claims further
beelnflussen, wobel ein synthetisiertes Musik- comprising a control means
(31) for controlling    tonsignal von mindestens einem der Schlelfen- 7
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mittel und der Verbindungsmittel aufgenommen   10. Vorrichtung zur
Synthetisierung von Musiktonen wird.
nach Anspruch 1, die Verzogerungsmittel (513, 518) zur Verzogerung des in
die zusatzilchen 2. Vorrichtung zur Synthetisierung von Musiktonen
Schlelfenmittel einzufflhrenden Signals auf- nach Anspruch 1, die
Addiermittel (A5) zur Addi-   c  weist. tion von Ausgangssignalen des
ersten und zwei- ton Schlelfenmittels aufwelst, wobei sine Wech- selwirkung
mit Energieaustausch erfolgt, so dal  Revendlcatlons ein Musikton
synthetisiert wird, der dem Musik- ton sines nicht-elektronischen
Musikinatruments  lo  1. Appareil pour synthotiser un son musical stark
Ahnelt.                                     comprenant: un moyen g6n6rateur
de parambtre (3, 4) 3. Vorrichtung zur Synthetsebbrung von Musikt5nen
pour produire un parametre correspondant a un nach Anspruch 2, worin des
nicht-eldktronische    son musical A produire; Musikinstrument sin KWavier
Ist, das mindestens  15    au moins un premier moyen formant bou- sine
Salte und mindestens einen Hammer auf-       de (510) incluant au moins un
6lement A retard waist.
pouryfaire circulerun signal, dans lequel ledit pa- rametre commands Is
temps de retard pendant 4. Vonrichtung zur Synthetisierung von Muslktonen
lequel un signal circule dans ledit moyen formant nach Anspruch 3, worin
die Anzahl derSchleifen-  20  boude; mittel entsprechend einerAnzahl von
Saiten, die         un moyen d'excitation (550) pourentrerun im Hinblick
auf jede Taste des Klaviers vorzuse-  signal d'excitation dans ledit moyen
formant bou- hen sind, festgelegt ist.                         cle;
caract~rish en co qu'il est pr6vu au moins 5. Vorrichtung zur
Synthetisierung von Musiktonen   25  un moyen formant boucde additionnel
(520) in- nach den Anspruchen I bis 4, worin die Parame-    cluant au moins
un 6l6ment A retard pour y faire tbrarzeugungsmittel zwel Arten von
Parametbrn     circuler un signal; erzeugen, namlich einen Saitenparameter
ent-           at par un moyen de connexion (Ml, M2) sprechend elner
Resonanzkenniinie der Saie        pour connecter l'un A l'autre ledit
premier moyen und elnen Hammerparametbr entsprechend el-  30    formant
boucde at ledit au moins un moyen for- ner Bewegung des Hammers, so dall
die Verz5-      mant boude additionnel de sorta qu'un signal gerungazeit
Jedes Schlelfenmittels durch den      preleve sur ledit premier moyen
formant boucle Saitnparameter gestbuert wird, wihrend des       est
introduit dans ledit au moins un desdits Anregungssignal durch den
Hammerparametbr         moyens formant boucde additionnels, ledit moyen
gesatuert wird.                           35      dexcitation recevant un
signal de contre- r6action d au moins un des moyens formant bou- 6.
Vonrichtung zur Synthetisiarung von Musiktonen    cia pour agir sur la
valeur du signal d'excitation, nach elnem der vorangehenden Anspruche, die
un signal de son musical synth6tbo6 6tant prelev6 ferner Stbuermittbl (31)
zurjeweiligen Stbuerung  sur au moins l'un dudit moyen formant boucle et
der Vsrz8gerungszeitn der erstan und zweiten  40  dudit moyen de connexion.
Schleifenmittel aufwelst. 2. Appareil poursynth6tbserun son musical selon
la 7. Vorrichtung zur Synthetisierung von Musikthnen    revendication 1,
comprenantun moyen d'addition nach einem der vorangehenden Anspruche, die
(A5) pour additlonner l'une A l'autre les sorties fernerEinfuhrmittbl (Ml,
515) zum Einfuhren des   45  desdits premier et deuxieme moyens formant im
zusitzlichen Schloifenmittel zirkulierenden    boude, co par quo! il se
produit une intbrference Signals in des erste Schleifenmittdl aufwelst.
avec echange d'6nergie ce qui synth6tise un son musical qui ressemble de
tres pres au son musi- 8. Vorrichtung zur Synthetislerung von Musiktonen
cal produit par un Instrument de musique non nach Anspruch 1, die ain
Amplitudenstsuermittel  5o  6lectronique. (M2) zurSteuerung einerAmplitude
des in die zu- sftziichen Schlelfenmittbl einzufulhrenden Si-  3. Appareil
pour synth6tIser un son musical selon la gnals aufweist.
revendication 2, dans loquel lodit Instrument de musique est un piano
comprenant au moins une 



9. Vorrichtung zur Synthetisierung von Musiktonen  55  corde et au moins un
marteau. nach Anspruch 1, die ain Filtermittel (511, 516) zum Filtbrn des
In die zusftzlichen Schleifenmit-  4. Appareil pour synth6tbser un son
musical selon la tel einzufuhrenden Signals aufweist.
revendication 3, dans lequel le nombre desdits 8    15                 EP 0
459 393 B1                16 i     !'JsLl sIN I lIlI H III moyans formant
boucle correspond au nombre de cordes A prevoirpourchaquetouche du piano.
5. Apparell pour synth6tiser un son musical selon les revendicatbons I A 4,
dans loquel ledit moyen   5 g6nerateur de parametre produit deux sortes de
parametres, c'est-a-dire un parametre do cords correspondant A une
caracteristique de r6sonan- coe de ladite cordo et un parametre de marteau
correspondant A un mouvement dudit marteau,  10 de sorte quo le tomps de
retard de chaque moyen formant boucle east commandI par ledit parame- tre
de cords, tandis quo ledit signal d'excitatlon est commande par ledit
parametre de marteau. 15 6. Appareil pour synth6tiser un son musical selon
l'une quelconque des revendications prdceden- tes, comprenant en outre un
moyon do comman- de (31) pour commander, respectivement, les temps de
retard desdits premier et second   20 moyens formant boucio. 7. Apparell
pour synthetiser un son musical selon l'uno quelconque des revendications
pr6c6den- teo, comprenant en outre un moyen d'introduo-  25 tion (Ml, 515)
pour introduire leditsignal circulant dans ledit moyon formant bouclo
additionnel dans ledit premier moyen formant boucde. S. Appareil pour
synthetiser un son musical selon la  30 revendication 1, comprenant un
moyen de commando d'amplitude (M2) pour commander I'amplitude dudit signal
A introduire dans ledit moyen formant boucle additionnel. 35 9. Apparell
pour synth6tiserun son musical selon la revondicatbon 1, comprenant un
moyen de filtra- ge (511, 516) pour filtrer ledit signal A Introduire dans
ledit moyen formant boucle additionnel. 40 10. Appareil pour synth6tiser un
son musical selon la revendication 1, comprenant un moyen de retar- dement
(513, 518) pour retarder ledit signal A in- troduire dans ledit moyen
formant boucle addi- tionnel.                                 45 50 55 9


