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read out from a reverberation waveshape memory. Normal envelope shape data
and reverberation en- This invention relates to a tone signal genera-
velope shape data having smaller peak levels and tion device suitable for
simulating a damper pedal  longer decay times are generated respectively.
effect of a piano or the like musical instrument.  5   Both envelope data
are intermixed. The reverbera- US-A-4 383 462 discloses an electronic musi-
tion waveshape memory stores a waveshape hav- cal instrument capable of
generating a tone with a  ing a fixed characteristics. The reverberation
effect piano tone color is one in which a tone of a piano  of this
electronic musical instrument varies only in a damper pedal (loud pedal)
OFF state is picked  with the tone pitch of the normal tone but not with up
and stored in a memory and a tone waveform   10  the frequency spectrum of
the normal tone. thus stored in this memory is subsequently read      A
tone signal generation device having the out to generate a tone with a
piano tone color.  features of the precharacterizing part of claim 1 is It
is known that, in this type of electronic musi-  disclosed in EP 0 167 847.
This device comprises cal instrument, the envelope of a tone which is  a
waveshape memory storing the waveshape of a being produced is controlled in
such a manner that,  15  tone. The tone waveshape signal obtained by read-
when a damper pedal attached to the instrument is  ing this waveshape
memory is applied to a tone not ON, the tone is attenuated fast upon
key-off  colour circuit where its tone colour is changed. The whereas when
the damper pedal is ON, the tone is  tone wave signal whose tone colour has
been attenuated gradually.                            changed and the tone
wave signal whose tone In the above described prior art electronic  20
colour has not been changed are both multiplied musical instrument, it is
not possible to simulate an  with respective coefficients whereby these
tone impression of expansion of a tone which is peculiar  wave signals are
weighted. The weighted tone to a piano tone being played in a damper pedal
ON  wave signals are added together to provide a state. When a piano is
played in the damper pedal  mixed tone signal. The coefficients for the
tone ON state in which the damper is released from   25  colour control may
be provided in accordance with strings of all piano keys, strings other
than a string  the operation states of control knobs. With this which has
been struck by a hammer vibrate due to  instrument, tone signals exhibiting
a variety of tone resonance with resulting generation of an acoustic
colour changes may be obtained by using only one effect which imparts the
impression of expansion to  waveshape memory. A damper pedal effect is not
the tone being played. In the prior art electronic  30  disclosed. musical
instrument, however, pressing of the        It is an object of the
invention to obtain an damper pedal into an ON state brings about
acoustic effect imparting the impression of expan- change in the envelope
shape of a depressed key  sion of a tone similar to the one obtained by
only and fails to produce such acoustic effect of  playing a piano in the
damper pedal ON state. tone expansion.                              35
This object is solved by the features of claim 1. US-A-4 067 253 describes
a tone-generating       In such construction, one value and another system
for an electronic musical instrument, com-  value of the detection output
may be used as prising a damper pedal to resemble the expanding  values
corresponding to the presenc and absence effect of a natural piano. The
damper pedal is    of operation of the operator and an amplitude level
coupled to a switch which, upon actuation of the   40  of the resonance
tone information in the output damper pedal, causes a damper circuit to
produce  means may be gradually increased from start of a damper control
signal which is applied to a    operation of the operator. variable rate
clock for changing the control clock   The detection means may generate a
detection signal applied to an envelope control counter. Ac-  output in
accordance with the amount of operation cordingly, upon actuation of the
damper pedal, the  45  of the operator while first and second level control
counting rate of the envelope control counter is  means may be provided in
lieu of the output decreased so that the tone produced is damped     means.
In this case, the first level control means less and, therefore, produced
as a sustained tone.  controls the level of the read out output of However,
only the shape of the envelope is       waveform information in one
direction (e.g., de- changed according to the actuation of the damper  50
creasing direction) in accordance with increase of pedal. This does not
cause the same effect as in  the amount of operation exhibited by the
detection case of a natural piano.                          output whereas
the second level control means A tone signal generation device capable of
controls the amplitude level of the resonance tone producing a
reverberation effect in response to a  information in a direction which is
opposite to the key depression is disclosed in JP-A-60-68 387. In  55  one
direction (e.g., increasing direction) in accor- this  electronic  musical
instrument,  normal    dance with increase in the amount of operation
waveshape data are read out from  a normal       exhibited by the detection
output. The outputs of waveshape memory and reverberation data are      the
first and second level control means are deliv- 2    



3                 EP 0310133 B1                     4 ered out as the first
and second tone signals.    while gradually increasing the level of the
read out According to the invention, a desired tone can  output of the
second waveform information. be generated in accordance with stored
waveform      When the readout means is provided, the de- information
during a non-operation mode of the    tection means may generate a
detection output in operator and a tone imparting the impression of   5
accordance with an amount of operation of the expansion can be generated in
accordance with     operator and there may be provided first level
resonance tone information during operation of the  control means for
controlling the level of the read operator whereby the damper pedal effect
of a     out output of the first waveform information for piano or the like
musical instrument can be simu-  changing it in one direction in accordance
with lated with high fidelity.                    10  increase in the
amount of operation exhibited by By gradually increasing the amplitude
level of  the detection output and second level control resonance tone
information from start of the opera-  means for controlling the level of
the read out tion of the operator, the gradually increasing expan-  output
of the second waveform  information for sion of a tone due to resonance
caused by releas-  changing it in a direction which is opposite to the ing
of a damper from strings of a piano occurring   15  one direction in
accordance with increase in the when the damper pedal is pressed ON in the
piano  amount of operation exhibited by the detection can be simulated.
output, and the outputs of the first and second level Further, as described
above, by changing the   control means may be delivered out as the first
level of the read out output of waveform information  and second tone
signals. and the amplitude level of resonance tone informa-  20  According
to the invention, a desired tone can tion in opposite directions in
accordance with in-  be generated in accordance with the first waveform
crease in the amount of operation of the operator,  information when the
operator is not operated while the impression of expansion of a tone can be
a tone including a resonance tone and thereby controlled as desired within
an operable range of  imparting an impression of expansion of a the tone
the operator.                                25  is generated in accordance
with the second The tone signal generation device according to  waveform
information when the operator is op- the invention comprises memory means
for storing  erated whereby the damper pedal effect of a piano first
waveform  information corresponding to a    or the like musical instrument
can be simulated waveform of a desired tone and second waveform    with
high fidelity. information corresponding to a mixed waveform of  30
Further, by gradually decreasing the level of the tone and a resonance tone
thereof, the oper-  the read out output of the first waveform informa-
ator, the detection means, and tone signal genera-  tion and gradually
increasing the level of the read tion means for generating a first tone
signal in  out output of the second waveform information accordance with
the first waveform  information   from start of operation of the operator,
the gradu- when the detection output exhibits one value and   35  ally
increasing expansion of a tone due to reso- second tone signal in
accordance with the second  nance caused by releasing of a damper from
waveform information when the detection output    strings of a piano
occurring when the damper pedal exhibits another value.
is pressed ON in the piano can be simulated. As the first and second
waveform information,     Further, as described above, by changing the data
representing a tone waveform in a damper  40  level of the read out outputs
of the first and second pedal OFF state and data representing a tone
waveform information in accordance with increase waveform in a damper pedal
ON state respectively  in the amount of operation of the operator in op-
picked up from a piano, for example, may be       posite directions, the
feeling of expanision of a tone employed.
can be controlled as desired within an operable As the tone generation
means, there may be   45  range of the operator. employed one which
comprises readout means for       The electronic musical instrument
according to reading out the first waveform information and the  the
invention comprises tone pitch designation second waveform information in
parallel from the  means for designating a tone pitch of a tone to be
memory means at a desired speed, and selection    generated, tone signal
generation means for gen- means for selecting the read out output of the
first  50  erating a tone signal in accordance with the tone waveform
information and delivering it out as the  pitch designated by the tone
pitch designation first tone signal when the operator is not operated
means, an operator for controlling a tone, and and selecting the read out
output of the second   resonance tone adding means responsive to opera-
waveform information and delivering it out as the  tion of the operator for
adding a resonance tone to second tone signal when the operator is
operated,  55  the tone signal to be generated by the tone signal the
selection means gradually decreasing the level  generation means. of the
read out output of the first waveform in-     When the operator is
operated, a resonance formation from start of operation of the operator
tone is added to a tone signal by the resonance 3    



5                 EP 0310133 B1                     6 tone adding means. A
tone including a resonance   predetermined time interval and converting am-
tone and imparting an impression of expansion of  plitude values at
respective sample points to digital the tone can be generated.
data (i.e., PCM recording). In actual recording, pi- In this electronic
musical instrument, in a    ano keys are divided into groups in correspon-
[err] manner, envelope switching means may be   5   dence to key groups of
the keyboard 12 of Fig. 1, further provided for switching a decay rate of
am-  one key representing each group is played at dif- plitude envelope of
the tone signal to be generated  ferent touch levels of weak, middle and
strong by the tone signal generation means.              touches in a
damper pedal OFF state to produce With reference to the accompanying
drawings,   piano tones and waveform data for each tone is embodiments of
the invention will be described.  10  written in the waveform memory 10 by
the PCM In the accompanying drawings,                 recording. Fig. 1 is
a block diagram showing a circuit        Fig. 2 shows an example of a
waveform of a construction of an electronic musical instrument  picked up
piano tone. In the waveform memory 10, not incorporating the invention;
waveform data for a section W1 + W2 from rising Fig. 2 is a waveform
diagram showing an exam-   15  of the tone to some point of decay thereof
for each pie of a piano tone waveform;                   tone is written,
the portion of decay after W2 being Fig. 3 is a signal waveform diagram for
explain-  discarded. In reading out waveform data from the ing the envelope
shape generation operation;    waveform memory 10, the waveform data from
W1 Fig. 4 is a signal waveform diagram for explain-  to W2 is read out
first and then the waveform data ing the cross-fade control operation;
20  of W2 is repeatedly read out. Fig. 5 is a circuit diagram showing an
example      In storing data in the waveform memory 10, the of a resonance
tone generation circuit;         amplitude level of each picked up tone
waveform Figs. 6 and 7 are block diagrams showing the    may be
standardized to a constant level L0, e.g., second and third embodiments and
maximum level, as shown in Fig. 2 and this stan- Fig. 8 is a block diagram
showing a circuit  25  dardized level may be stored in the waveform
construction of an electronic musical instrument  memory 10. By this
arrangement, the amplitude incorporating the invention.
value can be expressed digitally with high precision even in a low
amplitude portion. Since an am- Circuit Construction of the Electronic
Musical In-  plitude envelope is imparted by envelope imparting strument
(Fig. 1)                            30  means 22 and 24 as will be
described later, no adverse effect will be produced by adopting such Fig. 1
shows a circuit construction of an elec-  arrangement. tronic musical
instrument not incorporating the in-  A depressed key detection and key
assigning vention. This electronic musical instrument is so  circuit 14
detects a depressed key in the keyboard constructed that it can produce
plural tones si-  35  12 and assigns key code data KC representing the
multaneously by a time division multiplexing pro-  key code (i.e., tone
pitch) of the detected key and cessing in plural channels (e.g., eight
channels).  a key-on signal KON indicating that there is a Keys of a
keyboard 12 are divided into plural  depresssed key to one of empty
channels so that groups each consisting of, e.g., keys of half octave  they
are provided at the timing of this channel. (six keys) and waveform data
for one key repre-  40     A touch detection circuit 16 detects which level
senting each group is stored in a waveform mem-   among the weak, middle
and strong levels the key ory 10 with respect to respective levels of key
touch strength of the depressed key in the key- touch strength in plural
stages (e.g., three levels of  board 12 corresponds to and provides touch
level "weak", "middle" and "strong"). The reason for    data TD
representing the detected touch level in storing waveform data for each key
group is that a   45  synchronism  with the timing of the channel to key
scaling control can thereby be performed for  which the key code KC and the
key-on signal KON producing different tone elements such as differnet  have
been assigned. tone colors depending upon the key group. The         As
described above, the circuits 14 and 16 are reason for storing waveform
data for each key     operated on a time shared basis and posterior touch
strength level is that a touch response con-  so  circuits responsive to
outputs of these circuits 14 trol can thereby be performed for producing
dif-  and 16 are also operated on a time shared basis. ferent tone color,
tone volume or the like depend-  For convenience of explanation, however,
an opera- ing upon the key touch strength level.            tion for one
channel only will be described below. Each waveform data stored in the
waveform         A waveform selection control circuit 18 gen- memory 10 is
obtained, for example, by picking up   55  erates waveform designation data
WS in response a tone from a piano (as a natural musical instru-  to the
key code data KC and the touch level data ment) being played in a damper
pedal (i.e., loud  TD. In the waveform memory 10, a waveform to be pedal)
OFF state, sampling its tone waveform at a  read out is designated in
response to the waveform 4    



7                 EP 0310 133 B1                     8 designation data WS.
If, for example, a key code  tone generation circuit 32 is supplied to a
multiplier represented by the key code data KC belongs to     30B in which
it is multiplied with a cross-fade the first key group, waveform data
corresponding   control signal CF2. to the touch level data TD among
waveform data        The resonance tone generation circuit 32 is belonging
to the first key group is designated for   5   constructed, e.g., as shown
in Fig. 5, of digital reading.
delay circuits 31 (shown by square blocks), coeffi- An address signal
generation circuit 20 gen-   cient multipliers 33 (shown by triangular
blocks) erates an address signal AD in response to the key  and adders 35
(shown by circular blocks with " + " code data KC and the key-on signal
KON. The        signs therein). By properly determining delay waveform data
which has been designated by the   10  amounts D11 - D1n in a delay circuit
group DIL waveform designation data WS is read out from the  receiving an
input signal IN, coefficients all - al n, waveform memory 10 in response to
the address      delay amounts D21 - D2n in a comb-filter group signal AD.
In this case, the designation of address  CFL and coefficients a21 - a2n, a
digital signal by the address signal AD is performed at a speed   having a
resonance or reverberation effect can be corresponding to the key code
(tone, pitch) repre-  15  obtained as an output signal OUT. Accordingly, by
sented by the key code data KC and the tone pitch  inputting the waveform
data SWD as the input of the generated tone is determined in accordance
signal IN, tone waveform data imparting an impres- with this reading speed.
For plural keys belonging  sion of expansion of a tone which is similar to
a to the same key group, the same waveform data is  tone produced when a
damper pedal is ON, i.e., read out at different reading speeds for the
respec-  20  resonance tone data, can be obtained as the output tive keys
so long as the keys are depressed at a   signal OUT. constant key touch
level.                             A cross-fade control signal generation
circuit The waveform  data WD read out from the        34 generates the
cross-fade control signals CF1 waveform memory 10 is supplied to a
multiplier 22  and CF2 in response to the damper pedal signal in which it
is multiplied with envelope shape data  25   DP. An example of the
cross-fade control signals is ED.
shown in Fig. 4. The cross-fade control signal CF1 An envelope signal
generation circuit 24 gen-  is generated in such a manner that its level
falls erates envelope shape data ED in response to the   gradually from
maximum value 1 to minimum value key-on signal KON in such a manner that
different  0 taking about one second when the damper pedal envelope shapes
are produced depending upon   30  signal DP has been turned from "0" to "1"
(i.e., the whether a damper pedal signal DP is "0" or "1" as  damper pedal
26 has been turned ON from the shown in Fig. 3. The damper pedal signal DP
is     OFF state), maintains the minimum value "0" as detected from a
damper pedal 26 through a switch  long as the signal DP maintains "1"  and
rises from or the like means. When the damper pedal 26 is    the minimum
value "0" to the maximum value "1" OFF and the signal DP = "0", the
envelope shape   35  taking about 0.2 second when the signal DP has decays
gradually after rising and decays rapidly   been turned from "1" to "0"
(i.e., the damper pedal after key-off. When the damper pedal 26 is ON and
26 has been turned OFF from the ON state). The the signal DP = "1", the
envelope shape decays     cross-fade control signal CF2 is generated in the
gradually even after key-off. Parameters such as   form of inverted
cross-fade control signal CF1. attack time, attack level, decay time etc.
of the   40  The above described arrangement in which the envelope shape
are controlled key group by key    level changes more gradually when the
damper group in response to the key code data KC and      pedal 26 is
turned ON from the OFF state than also controlled touch level by touch
level in re-  when it is turned OFF from the ON state is conve- sponse to
the touch level data TD.                 nient for simulating the
increasing expansion of a As a result of multiplication in the multiplier
22,  45  tone due to resonance occurring when the damper waveform data EWD
imparted with an envelope        has been released from all strings in
playing a shape in accordance with tone pitch, touch re-     piano. sponse
and damper pedal state is provided and         As a result of
multiplications in the multipliers this waveform data EWD is supplied to an
accu-     30A and 30B, the waveform SWD is supplied to an mulator 28.
50  adder 36 when the damper pedal 26 is OFF where- The accumulator 28 is
provided for mixing      as the resonance tone data RWD is supplied to the
waveform  data for plural channels. Its output     adder 36 when the damper
pedal 26 is ON. In this waveform data SWD is supplied to a multiplier 30A
case, during the periods of about one second and in which it is multiplied
with a cross-fade control  about 0.2 second shown in Fig. 4, there is
provided signal CF1. The waveform data SWD is supplied  55   mixed data of
the data SWD and RWD which are also to a resonance tone generation circuit
32 in  mixed in the adder 36 at a mixing ratio determined which it is
converted to resonance tone data RWD.  by the values of the cross-fade
control signals CF1 The resonance tone data RWD from the resonance     and
CF2. 5    



9                EP 0 310 133 B1                   10 The waveform data as
the output of the adder  component parts as in Fig. 1 are designated by the
36 is supplied to a sound system 38 including a  same reference characters.
digital-to-analog converter, an amplifier and loud-  A feature of this
embodiment is that a depres- speakers and is sounded therefrom as a tone.
sion amount detection circuit 40 for detecting an 5   amount of depression
of the damper pedal 26 is The Second Embodiment (Fig. 6)
provided and a detection output A of this detection circuit 40 is supplied
to the multiplier 30B as a Fig. 6 shows the second embodiment in which
signal A2 instead of the cross-fade control signal the resonance tone
adding portion used in the     CF2 while a signal A1 obtained by inverting
the circuit of Fig. 1 is modified. In Fig. 6, the same   10  detection
output A by an inverting circuit 42 (i.e., component parts as in Fig. 1 are
designated by the  "1 - A") is supplied to the multiplier 30A instead of
same reference characters.                       the cross-fade control
signal CF1. The second embodiment which is a modifica-        According to
this construction, in the process tion of the embodiment of Fig. 1 is
different from  of increasing of the value of the detection output A the
embodiment of Fig. 1 in the following two   is  from teh minimum value 0 to
the maximum value 1 points. Firstly, waveform data SWD from the accu-  by
depression of the damper pedal 26, the mulator 28 is supplied to the adder
36 without   waveform data SWD from the accumulator 28 is passing through
the multiplier 30A. Secondly, the  controlled by the multiplier 30A to
decrease in its multiplier 30B is provided in a prior stage to the
amplitude level while the resonance tone data resonance tone generation
circuit 32. In this case, a   20  RWD from the resonance tone generation
circuit 32 similar signal to the cross-fade control signal CF2  is
controlled by the multiplier 30B to increase in its of Fig. 4 is supplied
as a level control signal LC to  amplitude level. Thus, the adder 36
provides the multiplier 30B.                               waveform data
which is a mixture of the data SWD In this construction, waveform data SWD
is    and RWD at a mixing ratio determined by the obtained as the output of
the adder 36 when the  25  values of the signals A1 and A2. If the damper
damper pedal 28 is OFF. When the damper pedal     pedal 26 is not
depressed, the adder 36 provides 26 is ON, the waveform data SWD is
supplied to   the waveform data SWD and, if the damper pedal the resonance
tone generation circuit 32 through  26 is depressed most deeply, the adder
36 pro- the multiplier 30B so that the resonance tone data  vides the
resonance tone data RWD. RWD is provided from the circuit 32. Accordingly,
30  According to the construction of Fig. 7, the mixed data of the waveform
data SWD and the       performer can set the mixing ratio of the waveform
resonance tone data RWD is supplied as the output  data SWD and the
resonance tone data RWD as of the adder 36. In this case, during the
periods of  desired by properly adjusting the amount of de- about one
second and about 0.2 second shown in    pression of the damper pedal 26
whereby a tone Fig. 4, the mixing ratio of the resonance tone data  35
color change can be obtained in addition to the RWD to the waveform data
SWD is controlled in    damper pedal ON/OFF effect as described with
response to the level control signal LC (corre-   reference to Fig. 1.
sponding to the cross-fade control signal CF2). According to the
construction of Fig. 6, when a  Circuit Construction of Electronic Musical
Instru- desired key is depressed in the damper pedal ON   40  ment of the
Invention (Fig. 8) state, waveform data which is a mixture of waveform data
having the tone pitch corresponding    Fig. 8 shows a circuit construction
of an em- to the depressed key and resonance tone data      bodiment of the
electronic musical instrument ac- generated on the basis of this waveform
data is   cording to the invention. In the same manner as in obtained. This
waveform data has a greater ratio of  45  the above described embodiment,
this electronic tone componenet of the depressed key that in a    musical
instrument can produce plural tones si- case where, as shown in Fig. 1,
resonance tone    multaneously by a time division multiplexing pro- data
alone is provided so that this construction is  cessing in plural channels
(e.g., eight channels). In advantageous when it is desired to emphasize the
Fig. 8, the same component parts as in Fig. 1 are tone of a depressed key.
The multiplier 30B may  50  designated by the same reference characters. be
provided in a posterior stage to the resonance    A damper pedal OFF
waveform memory 10A is tone generation circuit 32.                       of
a similar construction to the waveform memory 10 in Fig. 1, storing
waveform data for each key The Third Embodiment (Fig. 7)
group in a damper pedal OFF state with respect to 55  each of plural stages
of touch levels. Fig. 7 shows the third embodiment of the inv-    A damper
pedal ON waveform memory 10B netion in which the mixing ratio control
portion  stores waveform data sampled from a piano as a used in the circuit
of Fig. 1 is modified. The same  natural musical instrument for each key
group with 6    



11                EP0310 133B1                      12 respect to each of
plural stages of touch levels in  output A2 of the depression amount
detection cir- the same manner as in the waveform memory 10A     cuit 40 is
applied to the multiplier 21B instead of except that the damper pedal is
not in an OFF     the cross-fade control signal CF2 and the output state
but in an ON state. Since a key has been    A1 of the inversion circuit 42
is applied to the depressed in the damper pedal ON state in this   5
multiplier 21A instead of the cross-fade control case, each waveform data
represents a mixed       signals CF1. By this arrangement, in the same
waveform of a tone produced by vibration of a     manner as in the above
described embodiment, the string corresponding to the depressed key and
performer can set the mixing ratio of the waveform tones produced by
vibration of other strings due to  data WDB  including resonance tone to
the resonance.                                    10  waveform data WDA as
desired by properly adjust- In the same manner as in the above described
ing the amount of depression of the damper pedal embodiment, in the
waveform memories 10A and      26 whereby a tone color change according to
the 10B, a waveform to be read out is designated in   mixing ratio can be
obtained in addition to the response to waveform designation data WS from
damper pedal ON/OFF effect shown in Fig. 8. the waveform selection control
circuit 18.    15 In the same manner as in the above described
Modifications embodiment, waveform data designated by the waveform
designation data WS are read out in          The present invention is not
limited to the parallel from the waveform memories 10A and 10B   above
described embodiments but can be carried in response to the address signal
AD from the   20  out in various other forms. For example, the follow-
address generation circuit 20.                    ing modifications are
possible: The waveform data WD read out from the           (1) As to
storing and reading of tone waveforms, waveform memory 10A is supplied to a
multiplier      as shown in US-P 4,633,749, a waveform of 21A in which it
is multiplied with the cross-fade    plural periods of attack portion and
subsequent control signal CF1. The waveform data WDB read   25    several
segment waveforms (partial waveforms) out from the waveform memory 10B is
supplied to      may be stored in a memory and the waveform a multiplier
21B in which it is multiplied with the  of plural periods of the attack
portion may be cross-fade control signal CF2.                       read
out and then the segment waveforms may The cross-fade control signals CF1
and CF2       be read out, performing a smooth interpolation are, in the
same manner as in the above described   30  between them. embodiment,
generated by the cross-fade control     (2) As to recording and reproducing
of a tone, a signal generation circuit 34. An example of these    system by
which data compression is possible cross-fade control signals are shown in
Fig. 4.      may be employed. Such system includes, for As a result of
multiplications in the multipliers  example, a differential pulse code
modulation 21A and 21b, the waveform data WDA is supplied   35    (DPCM)
system, an adaptive differential pulse to the adder 23 when the damper
pedal 26 is OFF      code modulation (ADPCM) system, a delta mod- and the
waveform data WDB is supplied to the         ulation (DM) system, an
adaptive delta modula- adder 23 when the damper pedal 26 is ON. In this
tion (ADM) system, a linear predictive coding case, during the periods of
about one second and     (LPC) system or a combination of these sys- about
0.2 second shown in Fig. 4, a mixture of the   40    terns (e.g.,
combination of LPC and ADPCM). waveform data WDA and WDB which are mixed
(3) As to controlling of touch response and key together by the adder 23 at
a mixing ratio deter-   scaling, a system of processing data read out mined
by values of the cross-fade control signals  from a waveform memory by a
digital filter as CF1 and CF2.
disclosed by US-P 4,738,179 or a system of The waveform data as the output
of the adder  45    controlling a mixing ratio of data read out from 23 is
supplied to a multiplier 25 in which it is    two waveform memories as
disclosed by Japa- multiplied with the envelope shape data ED which
nese Preliminary Patent Publication No. 60- is generated from the envelope
shape generation      55398, for example, may be employed. circuit 24 as
shown in Fig. 3.                       (4) In the above described
embodiments, As a result of the multiplication in the multiplier  50
waveform data designated by the waveform se- 25, waveform data EWD which
has been imparted       lection control circuit 18 is read out in response
with envelope in accordance with tone pitch, touch  to the address signal
from the address genera- level and damper pedal state is obtained. This
tion circuit 20. Alternatively, the function of the waveform data EWD is
supplied to the sound sys-      waveform selection control circuit 18 may
be tem 38.                                      55      provided to the
address signal generation circuit In the embodiment of Fig. 8 also, the
construc-  20. tion of the mixing ratio control portion can be      (5)
This invention is applicable also to a mon- modified as shown in Fig. 7. In
this case, the      ophonic electronic musical instrument. 7    



13                EP 0 310 133 B1                   14 (6) In the above
described embodiments, a pi-  amount of the operator as shown in the
embodi- ano tone is employed. The invention is ap-     ment of Fig. 7, the
feeling of expansion of a tone plicable also to other tone colors.
can be controlled as desired. (7) In the embodiment of Fig. 1, read out
waveform data for plural channels are mixed by   5   Claims the accumulator
28 and thereafter are supplied to the resonance tone generation circuit 32.
Al-  1. A tone signal generation device comprising: ternatively, a
resonance tone generation circuit      pitch designation means (12) for
designat- may be provided independently for each chan-      ing a pitch of
a tone to be generated; nel and read out waveform data of a corre-  10
tone generation means (10A) for generat- sponding channel may be supplied
to each res-     ing waveform information corresponding to a onance tone
generation circuit. In this case, in   waveform of a desired tone in
accordance with each resonance tone generation circuit, it is      a pitch
designated by the pitch designation preferably to properly control internal
connec-    means (12), said tone generation means (10A) tion, coefficients
etc. in accordance with the   15  comprising: tone pitch.
a) memory means (10A) for storing the (8) the cross-fade control as shown
in the em-       waveform information corresponding to the bodiment of Fig.
1 may be omitted and the read       desired tone waveform; and out waveform
data and the resonance tone data        b) reading means (20) for reading
out the may be simply switched.                   20         waveform
information (WDA) from  said (9) In the embodiment of Fig. 1, tone signals
of      memory means in accordance with a pitch two systems consisting  of
the read  out             designated by the pitch designation means;
waveform data and the resonance tone data             operator means (26)
that is operable in- may be supplied to separate sound systems
dependently of the pitch designation means; and sounded after being mixed
in space instead   25   detection means for detecting the state of of being
sounded from a single sound system        operation of said operator means
(26) and de- after mixing.                                      livering
out a detection output indicative of the (10) In the embodiment of Fig. 8,
in reading out   state of operation of said operator means; and the
designated  waveform  data  from  the            output means (21 A, 21 B,
23) for outputting waveform memories 10A and 10B, these data  30     the
waveform information (WDA) as a first tone may be read out on a time shared
basis instead     signal and as a second tone signal in response of being
read out in parallel.                    to said detection output; (11) The
cross-fade control as shown in the        characterized In that it further
comprises: embodiment of Fig. 8 may be omitted. In this          memory
means (10B) for storing reso- case, the waveform memory 1 OA or 10B may be
35  nance tone waveform information (WDB) cor- selected in response to the
damper pedal signal   responding to a mixed waveform of the desired DP and
waveform data may be read out from          tone and the resonance tone
thereof; and the selected waveform memory.                         reading
means (20) for reading out the (12) In the embodiment of Fig. 8, tone
signals of  resonance tone waveform information (WDB) two systems based on
read out data from the   40  from said memory means (10B) in accordance
waveform memories 10A and 10B may be sup-          with a pitch designated
by the pitch designa- plied to separate sound systems and sounded
tion means (12), said second tone signal being after being mixed in space
instead of being        said resonance tone waveform  information sounded
from a single sound system after being     (WDB). mixed.
45 According to the invention, a desired tone or a  2. A tone signal
generation device as defined in resonance tone corresponding to this tone
can be     claim 1, which further comprises cross-fade generated as desired
and, accordingly, simulation    control means (34) for performing such a
con- of a damper pedal effect as in a piano can be        trol that the
waveform information (WDA) and achieved with high fidelity.
50      the resonance tone information (WDB) are out- By performing the
cross-fade control so that      put in cross-fade manner when said operator
the amplitude level of resonance tone data in-       means (26) has been
operated. creases gradually from start of operation of the operator as
shown in the embodiment of Fig. 1 or  3. A tone signal generation device as
defined in Figs. 6 and 8, a closer simulation of the damper  55  claim 1,
which further comprises control means pedal effect can be realized.
for performing such a control that, when said By controlling the mixing
ratio of tone signals   operator means (26) has been operated, the of two
systems in accordance with the operation      resonance tone information
(WDB) to be output 8    



13                EP 0 310 133 B1                    14 (6) In the above
described embodiments, a pi-    amount of the operator as shown in the
embodi- ano tone is employed. The invention is ap-       ment of Fig. 7,
the feeling of expansion of a tone plicable also to other tone colors.
can be controlled as desired. (7) In the embodiment of Fig. 1, read out
waveform data for plural channels are mixed by   5   Claims the accumulator
28 and thereafter are supplied to the resonance tone generation circuit 32.
Al-  1. A tone signal generation device comprising: ternatively, a
resonance tone generation circuit        pitch designation means (12) for
designat- may be provided independently for each chan-        ing a pitch
of a tone to be generated; nel and read out waveform data of a corre-  10
tone generation means (10A) for generat- sponding channel may be supplied
to each res-       ing waveform information corresponding to a onance tone
generation circuit. In this case, in    waveform of a desired tone in
accordance with each resonance tone generation circuit, it is       a pitch
designated by the pitch designation preferably to properly control internal
connec-     means (12), said tone generation means (10A) tion, coefficients
etc. in accordance with the   15  comprising: tone pitch.
a) memory means (10A) for storing the (8) the cross-fade control as shown
in the em-         waveform information corresponding to the bodiment of
Fig. 1 may be omitted and the read         desired tone waveform; and out
waveform data and the resonance tone data          b) reading means (20)
for reading out the may be simply switched.                     20
waveform  information (WDA) from  said (9) In the embodiment of Fig. 1,
tone signals of       memory means in accordance with a pitch two  systems
consisting  of the  read  out            designated by the pitch
designation means; waveform  data and the resonance tone data
operator means (26) that is operable in- may be supplied to separate sound
systems           dependently of the pitch designation means; and sounded
after being mixed in space instead   25     detection means for detecting
the state of of being sounded from a single sound system         operation
of said operator means (26) and de- after mixing.
livering out a detection output indicative of the (10) In the embodiment of
Fig. 8, in reading out    state of operation of said operator means; and
the  designated  waveform  data  from  the              output means (21A,
21 B, 23) for outputting waveform memories 10A and 10B, these data  30
the waveform information (WDA) as a first tone may be read out on a time
shared basis instead      signal and as a second tone signal in response of
being read out in parallel.                      to said detection output;
(11) The cross-fade control as shown in the         characterized in that
it further comprises: embodiment of Fig. 8 may be omitted. In this
memory means (10B) for storing reso- case, the waveform memory 10A or 10B
may be   35   nance tone waveform information (WDB) cor- selected in
response to the damper pedal signal     responding to a mixed waveform of
the desired DP and waveform data may be read out from           tone and
the resonance tone thereof; and the selected waveform memory.
reading means (20) for reading out the (12) In the embodiment of Fig. 8,
tone signals of    resonance tone waveform information (WDB) two systems
based on read out data from the   40    from said memory means (10B) in
accordance waveform memories 10A and 10B may be sup-           with a pitch
designated by the pitch designa- plied to separate sound systems and
sounded         tion means (12), said second tone signal being after being
mixed in space instead of being         said resonance tone waveform
information sounded from a single sound system after being      (WDB).
mixed.                                      45 According to the invention,
a desired tone or a  2. A tone signal generation device as defined in
resonance tone corresponding to this tone can be       claim 1, which
further comprises cross-fade generated as desired and, accordingly,
simulation      control means (34) for performing such a con- of a damper
pedal effect as in a piano can be          trol that the waveform
information (WDA) and achieved with high fidelity.                  50
the resonance tone information (WDB) are out- By performing the cross-fade
control so that       put in cross-fade manner when said operator the
amplitude level of resonance tone data in-         means (26) has been
operated. creases gradually from start of operation of the operator as
shown in the embodiment of Fig. 1 or   3  A tone signal generation device
as defined in Figs. 6 and 8, a closer simulation of the damper  55   claim
1, which further comprises control means pedal effect can be realized.
for performing such a control that, when said By controlling the mixing
ratio of tone signals    operator means (26) has been operated, the of two
systems in accordance with the operation        resonance tone information
(WDB) to be output 8    
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is gradually increased or     ing a feature of a tone waveform of a natural
decreased while the waveform  information         piano being played with
activated damper ped- (WDA) is being output by the output means.        al.
4. A tone signal generation device as defined in   5   PatentansprUoche
claim 1, which further comprises control means for performing  such a
control that, the       1. Tonsignalerzeugungsvorrichtung mit: waveform
information (WDA) and the reso-            - einer
Tonhohenbestimmungseinrichtung nance tone information (WDB) are output in
(12) zum vorgeben der Tonh6he eines combination at a variable combination
ratio  10        zu erzeugenden Tones; corresponding to said detection
output.              - einer Tonerzeugungseinrichtung  (10A) zum Erzeugen
von Wellenforminformatio- 5. A tone signal generation device as defined in
non, die einer Wellenform  eines ge- any one of claims 1 - 4, which further
com-           wOnschten Tones entsprechen, entspre- prises envelope
control means (24) for control-  15    chend einer durch die
Tonh6henbestim- ling an envelope of a tone generated in said
mungseinrichtung (12) bestimmten Ton- tone signal generation device in
response to           h6he, wobei die Tonerzeugungseinrich- said detection
output.                                tung (10A) aufweist: a) eine
Speichereinrichtung (1 OA) zum 6. A tone signal generation device as
defined in  20      Speichern der der gewUnschten Wellen- any one of claims
1 - 5, wherein said detection        form entsprechenden Wellenforminforma-
means detects an ON/OFF state of operation            tionen; und of the
operator means.                                 b) eine Leseeinrichtung
(20) zum Ausle- sen der Wellenforminformationen (WDA) 7. A tone signal
generation device as defined in  25      aus der Speichereinrichtung
entspre- any one of claims 1 - 5, wherein said detection        chend der
von der Tonhohenbestim- means detects an amount of operation of the
mungseinrichtung bestimmten Tonh6he; operator means within a range from a
mini-           - einer unabh~ngig von der Tonh6henbe- mum amount to a
maximum amount.                        stimmungseinrichtung betfitigbaren
Be- 30           dienungseinrichtung (26); 8.  A tone signal generation
device as defined in        - einer Erkennungseinrichtung zum Erken- claim
7, wherein said output means comprises:          non des
Betdtigungszustands der Betati- first level control means (42, 21A) for
con-        gungseinrichtung (26) und zum Ausge- trolling the amplitude
level of the waveform           ben eines Erkennungsausgangssignals,
information (WDA) to change it in accordance   35      das den
Betitigungszustand der BetAti- with a first changing characteristic
correspond-       gungseinrichtung angibt; und ing to the detected amount
by the detection          - einer Ausgabeeinrichtung (21A, 21B, 23) means,
and                                             zum Ausgeben der
Wellenforminforma- second level control means (40, 21B) for
tionen (WDA) als ein erstes Tonsignal controlling the amplitude level of
the reso-  40       und als zweites Tonsignal in Reaktion auf nance tone
information (WDB) to change it in           das Erkennungsausgangssignal;
accordance with a second changing character-           dadurch
gekennzeichnet, daB sie ferner istic corresponding to the detected amount
by          aufweist: the detection means which is different from
- eine  Speichereinrichtung  (10B) zum said first changing characteristic.
45           Speichern von Resonanztonwellenformin- formationen (WDB), die
einer gemischten 9. A tone signal generation device as defined in
Wellenform des gewUnschten Tons und any one of claims 1 - 8 wherein said
operator          dessen Resonanztones entsprechen; und means comprises a
damper pedal.                     - eine Leseeinrichtung (20) zum Auslesen
so           der Resonanztonwellenforminformationen 10. A tone signal
generation device as defined in         (WDB) aus der Speichereinrichtung
(10B) any one of claims 1 - 9, wherein one of said           entsprechend
siner von der Tonh6hen- memory means (10A) stores said waveform
bestimmungseinrichtung (12) bestimmten information (WDA) having a feature
of a tone           Tonhohe, wobei das zweite Tonsignal waveform of a
natural piano being played with  55      durch die
Resonanztonwellenforminfor- non-activated damper pedal, and the other of
mationen (WDB) gebildet ist. said memory means (10B) stores said reso-
nance tone waveform information (WDB) hav- 9    17
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2. Tonsignalerzeugungsvorrichtung   nach  An-           - eine zweite
Pegelsteusreinrichtung (40, spruch 1, die femer eine Oberblendsteuerein-
21 B) zum Steuern des Amplitudenpegels richtung (34) zum DurchfUhren einer
derartigen         der Resonanztoninformationen  (WDB), Steuerung aufweist,
daB sie Wellenforminfor-           um  diesen  entsprechend  einer dem
mationen (WDA) und die Resonanztoninforma-   5         durch die
Erkennungseinrichtung erkann- tionen (WDB) Uberblendet ausgegeben wer-
ten Betrag entsprechenden zweiten Ver- den, wenn die Betatigungseinrichtung
(26) be-          anderungscharaktsristik, die von der er- titigt worden
ist.                                     sten  Veranderungscharakteristik
ver- schieden ist, zu verAndern. &  Tonsignalerzeugungsvorrichtung   nach
An-  i0 spruch 1, die femer eine sine Steuereinrich-   9.
Tonsignalerzeugungsvorrichtung  nach einem tung zum DurchfOhren einer
derartigen Steue-      der AnsprUche 1-8, bei der die Betitigungsein- rung
aufweist, daB, wenn die Betatigungsein-      richtung ein Dlmpferpedal
aufweist. richtung (26) betltigt worden ist, die von der Ausgabeeinrichtung
auszugebenden  Reso-  i5  10. Tonsignalerzeugungsvorrichtung nach einem
nanztoninformationen (WDB) allmilhlich erh6ht     der Ansprtche 1-9, bei
der eine der Speicher- oder verringert werden, wihrend die Wellen-
einrichtungen (10A) die Wellenforminformatio- forminformationen (WDA) von
der Ausgabeein-       nen (WDA) speichert, die einer Wellenform si-
richtung ausgegeben werden.                       nes natUrlichen Pianos,
das mit nicht betitig- 20     tem Dlmpferpedal gespielt wird, entsprechen
YQ4. Tonsignalerzeugungsvorrichtung   nach  An-          und die andere
Speichereinrichtung (10B) die spruch 1, die femer eine eine Steuereinrich-
Resonanztonwellenforminformationen  (WDB) tung zurn DurchfUhren einer
derartigen Steue-     speichert, die einer Wellenform eines natUrli- rung
aufweist, daB die Wellenforminformatio-      chen Pianos entsprechenen, das
mit betlitig- nen (WDA) und die Resonanztoninformationen   2s   tem
Dlmpferpedal gespielt wird. (WDB) mit variablen KombinationsverhIltnis- sen
entsprechend dem Erkennungsausgangs-       Revendicatlons signal kombiniert
ausgegeben werden. 1. Un dispositif g6nerateur de son, comprenant: 5.
Tonsignalerzeugungsvorrichtung nach einem   3o        un moyen de
designation de hauteur (12), der AnsprUche 1-4, die ferner eine HOlikurven-
destine I ddsigner une hauteur d'un son & Steuereinrichtung (24) zum
Steuern einer HUll-    generer. kurve eines Tones, der der Tonsignalerzeu-
un moyen de g6neration de son (10A), gungsvorrichtung in Reaktion auf das
Erken-       destine & generer des informations de forme
nungsausgangssignal erzeugt wurde, aufweist.   35  d'onde correspondant A
une forme d'onde d'un son d6sire selon une hauteur ddsignee par le 6.
Tonsignalerzeugungsvorrichtung  nach einem         moyen de designation de
hauteur (12), ledit der AnsprUche 1-5, bei der die Erkennungsein-     moyen
de generation de son (10A) compre- richtung  einen
EIN/AUS-Betftigungszustand       nant: b      der Betatigungseinrichtung
erkennt.       40         a) un moyen de mrmoire (10A), destin6 a memoriser
les informations de forme d'onde 7. Tonsignalerzeugungsvorrichtung  nach
einem           correspondant A la forme d'onde de son der AnsprUche 1-5,
bei der die Erkennungssin-        desiree, et richtung den
Betltigungsbetrag der BetUti-           b) un moyen de lecture (20),
destine A lire gungseinrichtung innerhalb eines Bereichs von   4s   les
informations de forme d'onde (WDA) einem Mindestbetrag bis zu einem
H6chstbe-           dudit moyen de mdmoire selon une hauteur trag erkennt.
designee par le moyen de designation de hauteur, &
Tonsignalerzeugungsvorrichtung   nach  An-            un moyen
d'actionnement (26) qui peut spruch 7, bei der die Ausgabeeinrichtung auf-
5o  8tre actionne independamment du moyen de weist:
designation de hauteur, - eine erste Pegelsteuereinrichtung (42,
un moysn de detection, destine a detecter 21A) zurn Steuern des
Amplitudenpegels       I'etat d'actionnsment dudit moyen d'actionne- der
Wellenforminformationen (WDA), um        ment (26) A fournir une sortie de
detection diesen entsprechend einer ersten Veran-  55  indiquant N'Wtat
d'actionnement dudit moyen derungscharakteristik, die dem durch die
d'actionnement, et Erkennungseinrichtung srkannten Betrag           un
moyen de sortie (21 A, 21 B, 23), destine entspricht, zu ver~ndern, und
a sortir les informations de forme d'onde 10    19                EP.0 310
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* C   L  M   S* (WDA) comme premier signal sonore et corn-
d'actionnement. me second signal sonore en reponse & ladite sortie de
detection,                          7. Un dispositif generateur de son
suivant l'une caract~ris4 en co qu'il comprend, en outre:   quelconque des
revendications 1 & 5, dans un moyen de m6moire (101B), destine a   5
loquel ledit moyen de detection detecte une mdmoriser les informations de
forme d'onde       quantite d'actionnement du moyen d'actionne- de son
resonant (WDB) correspondant a une         ment dans une plage allant d'une
quantite mi- forme d'onde mixte du son d~sir4 et du son        nimale & une
quantite maximale. resonant de colul-ci, et un moyen de lecture (20),
destin4 & lire  70  &  Un dispositif generateur de son suivant la ro- les
informations de forme d'onde de son reso-    vendication 7, dans loquel
ledit moyen de sor- nant (WDB) dudit moyen de m~moire (10B)          tie
comprend: solon une hauteur designde par le moyen de           un premier
moyen de reglage de niveau designation de hauteur (12), ledit second si-
(42, 21A), destine a regler le niveau d'amplitu- gnal sonore etant lesdites
informations de for-  15  de des informations de forme d'onde (WDA) me
d'onde de son resonant (WDB).                 pour le modifier salon une
premibre caracteris- tique de modification correspondant & la quan- 2. Un
dispositif generateur de son suivant la re-    tit4 detectee par le moyen
de detection, et vendication 1, qui comprend, en outre, un            un
second moyen de reglage de niveau moyen de commande de fondu enchatn4 (34),
2o    (40, 21 B), destine a r6gler le niveau d'amptitu- destin4 a r6aliser
une commande tfole quo les     de des informations de son resonant (WDB)
informations de formo d'onde (WDA) et les         pour le modifier solon
une seconde caracteris- informations de son r6sonant (WDB) sont sor-
tique de modification correspondant & la quan- ties on fondu enchatn4
lorsque ledit moyen       tite ddtectde par le moyen de detection qui est
d'actionnement (26) a ete actionnd.      25      diff6rento de laditf
premibre caractfristique de modification. 3. Un dispositif gendrateur de
son suivant la re- vendication 1, qui comprend, on outre, un     9. Un
dispositif g6nerateur de son suivant l'une moyen de commande destine a
realiser une         quelconque des revendications 1 A 8, dans commande
tolle quo, lorsque ledit moyen d'ac-  30  loquel ledit moyen d'actionnement
comprend tionnement (26) a ete actionne, les informa-      une p~dale de
sourdine. tions de son resonant (WDB) a sortir par le moyen de sortie sont
progressivement aug-     10. Un dispositif gdnerateur de son suivant l'une
mentees ou diminueos tandis quo les informa-     quelconque des
revendications 1 a 9, dans tions de forme d'onde (WDA) sont sorties par  35
loquel l'un desdits moyens de memoire (10A) le moyen de sortie.
memorise lesdites informations de forme d'on- de (WDA) ayant une
caracteristique d'une for- 4. Un dispositif gen6rateur de son suivant la
re-    me d'onde de son d'un piano naturol jou6 avec vendication 1, qui
comprend, en outre, un        la pedale de sourdine non-actionn6e, et
l'autre moyen de commande destin4 & r6aliser une   4o    desdits moyens de
memoire (10B) mdmorise commande tfole quo les informations de forme
lesdites informations de formo d'onde de son d'onde (WDA) et les
informations de son reso-    resonant (WDB) ayant une caracteristique nant
(WDB) sont sorties en combinaison solon     d'une formo d'onde de son d'un
piano naturel un taux de combinaison variable correspondant    jou4 avoc la
pedale de sourdine actionn6e. a ladite sortie de detection.            45
6. Un dispositif g~nerateur de son suivant 'une quelconque des
revendications 1 a 4, qui corn- prend, en outre, un moyen de reglage de
courbe enveloppe (24) destine & regler une  50 courbe enveloppe d'un son
genere dans ledit dispositif gen6rateur de son en rdponse & ladi- to sortie
de detection. 6. Un dispositif gen6rateur de son suivant l'une  65
quelconque des revendications 1 & 5, dans loquel ledit moyen de detection
detecte un etat d'actionnement MARCHE/ARRET du moyon    


