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TONE SIGNAL GENERATION DEVICE 
WITH RESONANCE TONE EFFECT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a tone signal generation device 
suitable for simulating a damper pedal effect of a piano or 
the like musical instrument 
Known in the art of an electronic musical instrument 

capable of generating a tone with a piano tone color is one 
in which a tone of a piano in a damper pedal (loud pedal) 
OFF state is picked up and stored in a memory and a tone 
waveform thus stored in this memory is subsequently read 
out to generate a tone with a piano tone color. 

It is know that. in this type of electronic musical 
instrument. the envelope of a tone which is being produced 
is controlled in such a manner that. when a damper pedal 
attached to the instrument is not ON. the tone is attenuated 
fast upon key-off whereas when the damper pedal is ON. the 
tone is attenuated gradually. 

In the above described prior art electronic musical 
instrument. it is not possible to simulate an impression of 
expansion of a tone which is peculiar to a piano tone being 
played in a damper pedal On state. When a piano is played 
in the damper pedal On state in which the damper is released 
from strings of all piano keys. strings other than a string 
which has been struck by a hammer vibrate due to resonance 
with resulting generation of an acoustic effect which imparts 
the impression of expansion to the tone being played. In the 
prior art electronic musical instrument. however. pres sing of 
the damper pedal into an ON state brings about change in the 
envelope shape of a depressed key only and fails to produce 
such acoustic effect of tone expansion. 

SUMMARY OF THE INVENTION 

It is. therefore. an object of the invention to obtain an 
acoustic effect imparting the impression of expansion of a 
tone similar to the one obtained by playing a piano in the 
damper pedal ON state 
The tone signal generation device according to the inven 

tion comprises memory means. readout means. resonance 
tone generation means. operator and output means. 
The memory means stores waveform information corre 

sponding to a desired tone waveform. As the waveform 
information. information representing a tone waveform 
picked up from a tone of a piano being played in a damper 
pedal (loud pedal) OFF state. for example. may be 
employed. 
The readout means reads out waveform information from 

the memory means at a desired readout speed and the tone 
pitch of a generated tone is determined in accordance with 
this readout speed. 
The resonance tone generation means generates reso 

nance tone information in response to the read out output of 
waveform information and is constructed of a digital ?lter or 
the like device. 
The operator may consist of a damper pedal attached to 

the electronic musical instrument or. alternatively. a manual 
operator. 
The detection means detects presence or absence of 

operation of the operator and provides a detection output 
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2 
exhibiting a different value depending upon the presence or 
absence of the operation. 
The output means provides the read out output of the 

waveform information as a ?rst tone signal when the detec 
tion output from the detection means exhibits one value and 
delivers out the resonance tone information as a second tone 
signal when the detection output from the detection exhibits 
another value. 

In such construction. one value and another value of the 
detection output may be used as values corresponding to the 
presence and absence of operation of the operator and an 
amplitude level of the resonance tone information in the 
output means may be gradually increased from start of 
operation of the operator. 
The detection means may generate a detection output in 

accordance with the amount of operation of the operator 
while ?rst and second level control means may be provided 
in lieu of the output means. In this case. the ?rst level control 
means controls the level of the read out output of waveform 
information in one direction (e.g.. decreasing direction) in 
accordance with increase of the amount of operation exhib 
ited by the detection output whereas the second level control 
means controls the amplitude level of the resonance'tone 
information in a direction which is opposite to the one 
direction (e.g.. increasing direction) in accordance with 
increase in the amount of operation exhibited by the detec 
tion output. The outputs of the ?rst and second level control 
means are delivered out as the ?rst and second tone signals. 

According to the invention. a desired tone can be gener 
ated in accordance with stored waveform information during 
a non-operation mode of the operator and a tone imparting 
the impression of expansion can be generated in accordance 
with resonance tone information during operation of the 
operator whereby the damper pedal effect of a piano or the 
like musical instrument can be simulated with high fidelity. 
By gradually increasing the amplitude level of resonance 

tone information from start of the operation of the operator. 
the gradually increasing expansion of a tone due to reso 
nance caused by releasing of a damper from strings of a 
piano occurring when the damper pedal is pressed ON in the 
piano can be simulated. 

Further. as described above. by changing the level of the 
read out output of waveform information and the amplitude 
level of resonance tone information in opposite directions in 
accordance with increase in the amount of operation of the 
operator. the impression of expansion of a tone can be 
controlled as desired within an operable range of the opera 
tor. 

Another tone signal generation device according to the 
invention comprises memory means for storing ?rst wave 
form information corresponding to a waveform of a desired 
tone and second waveform information corresponding to a 
mixed waveform of the tone and a resonance tone thereof. 
the operator. the detection means. and tone signal generation 
means for generating a ?rst tone signal in accordance with 
the ?rst waveform information when the detection output 
exhibits one value and second tone signal in accordance with 
the second waveform information when the detection output 
exhibits another value. 
As the ?rst and second waveform information. data rep 

resenting a tone waveform in a damper pedal OFF state and 
data representing a tone waveform in a damper pedal ON 
state respectively picked up from a piano. for example. may 
be employed. 
As the tone signal generation means. there may be 

employed one which comprises readout means for reading 
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out the ?rst waveform information and the second waveform 
information in parallel from the memory means at a desired 
speed. and selection means for selecting the read out output 
of the ?rst waveform information and delivering it out as the 
?rst tone signal when the operator is not operated and 
selecting the read out output of the second waveform 
information and delivering it out as the second tone signal 
when the operator is operated. the selection means gradually 
decreasing the level of the read out output of the ?rst 
waveform information from start of operation of the opera 
tor while gradually increasing the level of the read out output 
of the second waveform information. 
When the readout means is provided. the detection means 

may generate a detection output in accordance with an 
amount of operation of the operator and there may be 
provided ?rst level control means for controlling the level of 
the read out output of the ?rst waveform information for 
changing it in one direction in accordance with increase in 
the amount of operation exhibited by the detection output 
and second level control means for controlling the level of 
the read out output of the second waveform information for 
changing it in a direction which is opposite to the one 
direction in accordance with increase in the amount of 
operation exhibited by the detection output. and the outputs 
of the ?rst and second level control means may be delivered 
out as the ?rst and second tone signals 

According to the invention. a desired tone can be gener 
ated in accordance with the ?rst waveform information 
when the operator is not operated while a tone including a 
resonance tone and thereby imparting an impression of 
expansion of a tone is generated in accordance with the 
second waveform information when the operator is operated 
whereby the damper pedal effect of a piano or the like 
musical instrument can be simulated with high ?delity. 

Further. by gradually decreasing the level of the read out 
output of the ?rst waveform information and gradually 
increasing the level of the read out output of the second 
waveform information from start of operation of the 
operator. the gradually increasing expansion of a tone due to 
resonance caused by releasing of a damper from strings of 
a piano occurring when the damper pedal is pressed ON in 
the piano can be simulated. 

Further. as described above. by changing the level of the 
read out outputs of the ?rst and second waveform informa 
tion in accordance with increase in the amount of operation 
of the operator in opposite directions. the feeling of expa 
nision of a tone can be controlled as desired within an 
operable range of the operator. 
The electronic musical instrument according to the inven 

tion comprises tone pitch designation means for designating 
a tone pitch of a tone to be generated. tone signal generation 
means for generating a tone signal in accordance with the 
tone pitch designated by the tone pitch designation means. 
an operator for controlling a tone. and resonance tone adding 
means responsive to operation of the operator for adding a 
resonance tone to the tone signal to be generated by the tone 
signal generation means. 
When the operator is operated. a resonance tone is added 

to a tone signal by the resonance tone adding means. A tone 
including a resonance tone and imparting an impression of 
expansion of the tone can be generated. 

in this electronic musical instrument. in a known manner. 
envelope switching means may be further provided for 
switching a decay rate of amplitude envelope of the tone 
signal to be generated by the tone signal generation means. 
With reference to the accompanying drawings. embodi 

ments of the invention will be described. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings. 
FIG. 1 is a block diagram showing a circuit construction 

of an electronic musical instrument incorporating the ?rst 
embodiment of the invention; 

FIG. 2 is a waveform diagram showing an example of a 
piano tone waveform; 

FIG. 3 is a signal waveform diagram for explaining the 
envelope shape generation operation; 

FIG. 4 is a signal waveform diagram for explaining the 
cross-fade control operation; 

FIG. 5 is a circuit diagram showing an example of a 
resonance tone generation circuit; 

FIGS. 6 and 7 are block diagrams showing the second and 
third embodiments of the invention; and 

FIG. 8 is a block diagram showing a circuit construction 
of an electronic musical instrument incorporating another 
embodiment of the invention. 

DESCRIPTION OF PREFERRED 
EMBODINIENTS 

Circuit Construction of the Electronic Musical 
Instrument (FIG. 1) 

FIG. 1 shows a circuit construction of an electronic 
musical instrument incorporating a ?rst embodiment of the 
invention. This electronic musical instrument is so con 
structed that it can produce plural tones simultaneously by a 
time division multiplexing processing in plural channels 
(e.g.. eight channels). 

Keys of a keyboard 12 are divided into plural groups each 
consisting of. e.g.. keys of half octave (six keys) and 
waveform data for one key representing each group is stored 
in a waveform memory 10 with respect to respective levels 
of key touch stength in plural stages (e.g.. three levels of 
“weak”. “middle” and “strong"). The reason for storing 
waveform data for each key group is that a key scaling 
control can thereby be performed for producing different 
tone elements such as different tone colors depending upon 
the key group. The reason for storing waveform data for 
each key touch strength level is that a touch response control 
can thereby be performed for producing different tone color. 
tone volume or the like depending upon the key touch 
strength level. 

Each waveform data stored in the waveform memory 10 
is obtained. for example. by picking up a tone from a piano 
(as a natural musical instrument) being played in a damper 
pedal (i.e.. loud pedal) OFF state. sampling its tone wave 
form at a predetermined time interval and converting ampli 
tude values at respective sample points to digital data (i.e.. 
PCM recording). In actual recording. piano keys are divided 
into groups in correspondence to key groups of the keyboard 
12 of FIG. 1. one key representing each group is played at 
different touch levels of weak. middle and strong touches in 
a damper pedal OFF state to produce piano tones and 
waveform data for each tone is written in the waveform 
memory 10 by the PCM recording. 

FIG. 2 shows an example of a waveform of a picked up 
piano tone. In the waveform memory 10. waveform data for 
a section W1+W2 from rising of the tone to some point of 
decay thereof for each tone is written. the portion of decay 
after W2 being discarded. In reading out waveform data 
from the waveform memory 10. the waveform data from W1 
to W2 is read Out ?rst and then the waveform data of W2 
is repeatedly read out. 



Re. 35.813 
5 

In storing data in the waveform memory 10. the amplitude 
level of each picked up tone wavefrom may be standardized 
to a constant level LO. e.g.. maximum level. as shown in 
FIG. 2 and this standardized level may be stored in the 
waveform memory 10. By this arrangement. the amplitude 
value can be expressed digitally with high precision even in 
a low amplitude portion. Since an amplitude envelope is 
imparted by envelope imparting means 22 and 24 as will be 
described later. no adverse etfect will be produced by 
adopting such arrangement. 
A depressed key detection and key assigning circuit 14 

detects a depressed key in the keyboard 12 and assigns key 
code data KC representing the key code (i.e.. tone pitch) of 
the detected key and a key-on signal KON indicating that 
there is a depressed key to one of empty channels so that 
they are provided at the timing of this channel. 
A touch detection circuit 16 detects which level among 

the weak. middle and strong levels the key touch strength of 
the depressed key in the keyboard 12 corresponds to and 
provides touch level data TD representing the detected touch 
level in synchronism with the timing of the channel to which 
the key code KC and the key-on signal KON have been 
assigned. 
As described above. the circuits 14 and 16 are operated on 

a time shared basis and posterior circuits responsive to 
outputs of these circuits 14 and 16 are also operated on a 
time shared basis. For convenience of explanation. however. 
an operation for one channel only will be described below. 
A waveform selection control circuit 18 generates wave 

form designation data WS in response to the key code data 
KC and the touch level data TD. In the waveform memory 
10. a waveform to be read out is designated in response to 
the waveform desination data WS. If. for example. a key 
code represented by the key code data KC belongs to the ?rst 
key group. waveform data corresponding to the touch level 
data TD among waveform data belonging to the ?rst key 
group is designated for reading. 
An address signal generation circuit 20 generates an 

address signal AD in response to the key code data KC and 
the key-on signal KON. The waveform data which has been 
designated by the waveform designation data WS is read out 
from the waveform memory 10 in response to the address 
signal AD. In this case. the designation of address by the 
address signal AD is performed at a speed corresponding to 
the key code (tone pitch) represented by the key code data 
KC and the tone pitch of the generated tone is determined in 
accordance with this reading speed. For plural keys belong 
ing to the same key group. the same waveform data is read 
out at different reading speeds for respective keys so long as 
the keys are depressed at a constant key touch level. 
The waveform data WD read out from the waveform 

memory 10 is supplied to a multiplier 22 in which it is 
multiplied with envelope shape data ED. 
An envelope signal generation circuit 24 generates enve 

lope shape data ED in response to the key-on signal KON in 
such a manner that dilferent envelope shapes are produced 
depending upon whether a damper pedal signal DP is “0" or 
“1” as shown in FIG. 3. The damper pedal signal DP is 
detected from a damper pedal 26 through a switch or the like 
means. When the damper pedal 26 is OFF and the signal 
DP=“0”. the envelope shape decays gradually rising 
and decays rapidly after key-0E. When the damper pedal 26 
is ON and the signal DP=“1". the envelope shape decays 
gradually even after key-off. Parameters such as attack time. 
attack level. decay time etc. of the envelope shape are 
controlled key group by key group in response to the key 
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6 
code data KC and also controlled touch level by touch level 
in response to the touch level data TD. 
As a result of multiplication in the multiplier 22. wave 

form EWD imparted with an envelope shape in accordance 
with tone pitch. touch response and damper pedal state is 
provided and this waveform data EWD is supplied to an 
accumulator 28. 
The accumulator 28 is provided for mixing waveform 

data for plural channels. Its output waveform data SWD is 
supplied to a multiplier 30A in which it is multiplied with a 
cross-fade control signal CFl. The waveform data SWD is 
supplied also to a resonance tone generation circuit 32 in 
which it is converted to resonance tone data RWD. The 
resonance tone data RWD from the resonance tone genera 
tion circuit 32 is supplied to a multiplier 30B in which it is 
multiplied with a cross-fade control signal CF2. 
The resonance tone generation circuit 32 is constructed. 

e.g.. as shown in FIG. 5. of digital delay circuits 31 (shown 
by square blocks). coef?cient multipliers 33 (shown by 
triangular blocks) and adders 35 (shown by circular blocks 
with “+" signs therein). By properly determining delay 
amounts Dll-Dln in a delay circuit group DlL receiving an 
input signal IN. coe?icients all-aln. delay amounts 
D2l-D2n in a comb-?lter group CFL and coe?icients 
a2l-a2n. a digital signal having a resonance or reverberation 
effect can be obtained as an output signal OUT. Accordingly. 
by inputting the waveform data SWD as the input signal IN. 
tone waveform data imparting an impression of expansion of 
a tone which is similar to a tone produced when a damper 
pedal is ON. i.e.. resonance tone data. can be obtained as the 
output signal OUT. 
A cross-fade control signal generation circuit 34 generates 

the cross-fade control signals CH and CF2 in response to 
the damper pedal signal DP. An example of the cross-fade 
control signals is shown in FIG. 4. The cross-fade control 
signal CFl is generated in such a manner that its level falls 
gradually from maximum value 1 to minumum value 0 
taking about one second when the damper pedal signal DP 
has been turned from “0” to “l” (i.e.. the damper pedal 26 
has been turned ON from the OFF state). maintains the 
minimum value “0” as long as the signal DP maintains “1" 
and rises from the minimum value “0" to the maximum 
value “1” taking about 0.2 second when the signal DP has 
been turned from “1” to “0” (i.e.. the damper pedal 26 has 
been turned OFF from the ON state). The cross-fade control 
signal CF2 is generated in the form of inverted cross-fade 
control signal CFl. 
The above described arrangement in which the level 

changes more gradually when the damper pedal 26 is turned 
ON from the OFF state than when it is turned OFF from the 
ON state is convenient for simulating the increasing expan 
sion of a tone due to resonance occurring when the damper 
has been released from all strings in playing a piano. 
As a result of multiplications in the multipliers 30A and 

3013. the waveform SWD is supplied to an adder 36 when the 
damper pedal 26 is OFF whereas the resonance tone data 
RWD is supplied to the adder 36 when the damper pedal 26 
In this case. during the periods of about one second and 
about 0.2 second shown in FIG. 4. there is provided mixed 
data of the data SWD and RWD which are mixed in the 
adder 36 at a mixing ratio determined by the values of the 
cross-fade control signals CPI and CF2. 
The waveform data as the output of the adder 36 is 

supplied to a sound system 38 including a digital-to-analog 
converter. an ampli?er and loudspeakers and is sounded 
therefrom as a tone. 
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The Second Embodiment (FIG. 6) 

FIG. 6 shows the second embodiment of the invention in 
which the resonance tone adding portion used in the circuit 
of FIG. 1 is modi?ed. In FIG. 6. the same component parts 
as in FIG. 1 are designated by the same reference characters. 

The second embodiment which is a modi?cation of the 
embodiment of FIG. 1 is different from the embodiment of 
FIG. 1 in the following two points. Firstly. waveform data 
SWD from the accumulator 28 is supplied to the adder 36 
without passing through the multiplier 30A. Secondly. the 
multiplier 30B is provided in a prior stage to the resonance 
tone generation circuit 32. In this case. a similar signal to the 
cross-fade control signal CF2 of FIG. 4 is supplied as a level 
control signal LC to the multiplier 30B. 

In this construction. waveform data SWD is obtained as 
the output of the adder 36 when the damper pedal 28 is OFF. 
When the damper pedal 26 is ON. the waveform data SWD 
is supplied to the resonance tone generation circuit 32 
through the multiplier 30B so that the resonance tone data 
RWD is provided from the circuit 32. Accordingly. mixed 
data of the waveform data SWD and the resonance tone data 
RWD is supplied as the output of the adder 36. In this case. 
during the periods of about one second and about 0.2 second 
shown in FIG. 4. the mixing ratio of the resonance tone data 
RWD to the waveform data SWD is controlled in response 
to the level control signal LC (corresponding to the cross 
fade control signal CFZ). 

According to the construction of FIG. 6. when a desired 
key is depressed in the damper pedal ON state. waveform 
data which is a mixture of waveform data having the tone 
pitch corresponding to the depressed key and resonance tone 
data generated on the basis of this waveform data is 
obtained This waveform data has a greater ratio of tone 
component of the depressed key than in a case where. as 
shown in FIG. 1. resonance tone data alone is provided so 
that this construction is advantageous when it is desired to 
emphasize the tone of a depressed key. The multiplier 30B 
may be provided in a posterior stage to the resonance tone 
generation circuit 32. 

The Third Embodiment (FIG. 7) 

FIG. 7 shows the third embodiment of the invention in 
which the mixing ratio control portion used in the circuit of 
FIG. 1 is modi?ed. The same component parts as in FIG. 1 
are designated by the same reference characters. 
A feature of this embodiment is that a depression amount 

detection circuit 40 for detecting an amount of depression of 
the damper pedal 26 is provided and a detection output A of 
this detection circuit 40 is supplied to the multiplier 30B as 
a signal A2 instead of the cross-fade control signal CF2 
while a signal A1 obtained by inverting the detection output 
A by an inverting circuit 42 (Le. “1-A") is supplied to the 
multiplier 30A instead of the cross-fade control signal CF 1. 

According to this construction. in the process of increas 
ing of the value of the detection output Afrom the minimum 
value 0 to the maximum value 1 by depression of the damper 
pedal 26. the waveform data SWD from the accumulator 28 
is controlled by the multiplier 30A to decrease in its ampli 
tude level while the resonance tone data RWD from the 
resonance tone generation circuit 32 is controlled by the 
multiplier 30B to increase in its amplitude level. Thus, the 
adder 36 provides waveform data which is a mixture of the 
data SWD and RWD at a mixing ratio determined by the 
values of the signals A1 and A2. If the damper pedal 26 is 
not depressed. the adder 36 provides the waveform data 
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SWD and. if the damper pedal 26 is depressed most deeply. 
the adder 36 provides the resonance tone data RWD. 

According to the construction of FIG. 7. the performer 
can set the mixing ratio of the waveform data SWD and the 
resonance tone data RWD as desired by properly adjusting 
the amount of depression of the damper pedal 26 whereby a 
tone color change can be obtained in addition to the damper 
pedal ON/OFF effect as described with reference to FIG. 1. 

Circuit Construction of Electronic Musical 
Instrument of Another Embodiment (FIG. 8) 

FIG. 8 shows a circuit construction of another embodi 
ment of the electronic musical instrument according to the 
invention. In the same manner as in the above described 
embodiment. this electronic musical instrument can produce 
plural tones simultaneously by a time division multiplexing 
processing in plural channels (e.g.. eight channels). In FIG. 
8. the same component parts as in FIG. 1 are designated by 
the same reference characters. 

A damper pedal OFF waveform memory 10A is of a 
similar construction to the waveform memory 10in FIG. 1. 
storing waveform data for each key group in a damper pedal 
OFF state with respect to each of plural stages of touch 
levels. 
A damper pedal ON waveform memory 10B stores wave 

form data sampled from a piano as a natural musical 
instrument for each key group with respect to each of plural 
stages of touch levels in the same manner as in the waveform 
memory 10A except that the damper pedal is not in an OFF 
state but in an ON state. Since a key has been depressed in 
the damper pedal ON state in this case. each waveform data 
represents a mixed waveform of a tone produced by vibra 
tion of a string corresponding to the depressed key and tones 
produced by vibration of other strings due to resonance. 

In the same manner as in the above described 
embodiment. in the waveform memories 10A and 1013. a 
waveform to be read out is designed in response to wave 
form designation data WS from the waveform selection 
control circuit 18. 

In the same manner as in the above described 
embodiment. waveform data designated by the waveform 
designation data WS are read out in parallel from the 
waveform memories 10A and 103 in response to the address 
signal AD from the address generation circuit 20. 
The waveform data WD read out from the waveform 

memory 10A is supplied to a multiplier 21A in which it is 
multiplied with the cross-fade control signal CFl. The 
waveform data WDB read out from the waveform memory 
10B is supplied to a multiplier 21B in which it is multiplied 
with the cross-fade control signal CF2. 
The cross-fade control signals CPI and CFZ are. in the 

same manner as in the above described embodiment. gen 
erated by the cross-fade control signal generation circuit 34. 
An example of these cross-fade control signals are shown in 
FIG. 4. 
As a result of multiplications in the multipliers 21A and 

21b. the waveform data WDA is supplied to the adder 23 
when the damper pedal 26 is OFF and the waveform data 
WDB is supplied to the adder 23 when the damper pedal 26 
is ON. In this case. during the periods of about one second 
and about 0.2 second shown in FIG. 4. a mixture of the 
waveform data WDA and WDB which are mixed together 
by the adder 23 at a mixing ratio determined by values of the 
cross-fade control signals CPI and CF2. 
The waveform data as the output of the adder 23 is 

supplied to a multiplier 25 in which it is multiplied with the 



Re. 35.813 

envelope shape data ED which is generated from the enve 
lope shape generation circuit 24 as shown in FIG. 3. 
As a result of the multiplication in the multiplier 25. 

waveform data EWD which has been imparted with enve 
lope in accordance with tone pitch. touch level and damper 
pedal state is obtained. This waveform data EWD is supplied 
to the sound system 38. 

In the embodiment of FIG. 8 also. the construction of the 
mixing ratio control portion can be modi?ed as shown in 
FIG. 7. In this case. the output A2 of the depression amount 
detection circuit 40 is applied to the multiplier 21B instead 
of the cross-fade control signal CF2 and the outputAl of the 
inversion circuit 42 is applied to the multiplier 21A instead 
of the cross-fade control signals CFl. By this arrangement. 
in the same manner as in the above described embodiment. 
the performer can set the mixing ratio of the waveform data 
WDB including resonance tone to the waveform data WDA 
as desired by properly adjusting the amount of depression of 
the damper pedal 26 whereby a tone color change according 
to the mixing ratio can be obtained in addition to the damper 
pedal ONIOFF elfect shown in FIG. 8. 

Modi?cations 

The present invention is not limited to the above 
described embodiments but can be carried out in various 
other forms. For example. the following modi?cations are 
possible: 

(1) As to storing and reading of tone waveforms. as shown 
in US-P 4.633.749. a waveform of plural periods of attack 
portion and subsequent several segment waveforms (partial 
waveforms) may be stored in a memory and the waveform 
of plural periods of the attack portion may be read out and 
then the segment waveforms may be read out. performing a 
smooth interpolation between them. 

(2) As to recording and reproducing of a tone. a system by 
which data compression is possible may be employed. Such 
system includes. for example. a differential pulse code 
modulation (DPCM) system. an adaptive differential pulse 
code modulation (ADPCM) system. a delta modulation 
(DM) system. an adaptive delta modulation (ADM) system. 
a linear predictive coding (LPC) system or a combination of 
these systems (e.g. combination of LPC and ADPCM). 

(3) As to controlling of touch response and key scaling. a 
system of processing data read out from a waveform 
memory by a digital ?lter as disclosed by US-P 4.738.179 or 
a system of controlling a mixing ratio of data read out from 
two waveform memories as disclosed by Japanese Prelimi 
nary Patent Publication No. 60-55398. for example. may be 
employed. 

(4) In the above described embodiments. waveform data 
designated by the waveform selection control circuit 18 is 
read out in response to the address signal from the address 
generation circuit 20. Alternatively. the function of the 
waveform selection control circuit 18 may be provided to 
the address signal generation circuit 

(5) This invention is applicable also to a monophonic 
electronic musical instrument. 

(6) In the above described embodiments. a piano tone is 
employed. The invention is applicable also to other tone 
colors. 

(7) In the embodiment of FIG. 1. read out waveform data 
for plural channels are mixed by the accumulator 28 and 
thereafter are supplied to the resonance tone generation 
circuit 32. Alternatively. a resonance tone generation circuit 
may be provided independently for each channel and read 
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10 
out waveform data of a corresponding channel may be 
supplied to each resonance tone generation circuit. In this 
case. in each resonance tone generation circuit. it is prefer~ 
able to properly control internal connection. coef?cients etc. 
in accordance with the tone pitch. 

(8) the cross-fade control as shown in the embodiment of 
FIG. 1 may be omitted and the read out waveform data and 
the resonance tone data may be simply switched. 

(9) In the embodiment of FIG. 1. tone signals of two 
systems consisting of the read oui waveform data and the 
resonance tone data may be supplied to separate sound 
systems and sounded after being mixed in space instead of 
being sounded from a single sound system after mixing. 

(10) In the embodiment of FIG. 8. in’ reading out the 
designated waveform data from the waveform memories 
10A and 10B. these data may be read out on a time shared 
basis instead of being read out in parallel. 

(II) The cross-fade control as shown in the embodiment 
of FIG. 8 may be omitted. In this case. the waveform 
memory 10A or 10B may be selected in response to the 
damper pedal signal DP and Waveform data may be read out 
from the selected waveform memory. 

(12) In the embodiment of FIG. 8. tone signals of two 
systems based on read out data from the waveform memo 
ries 10A and 10B may be supplied to separate sound systems 
and sounded after being mixed in space instead of being 
sounded from a single sound system after being mixed. 

According to the invention. a desired tone or a resonance 
tone corresponding to this tone can be generated as desired 
and. accordingly. simulation of a damper pedal effect as in 
a piano can be achieved with high fidelity. 
By performing the cross-fade control so that the ampli 

tude level of resonance tone data increases gradually from 
start of operation of the operator as shown in the embodi~ 
ment of FIG. 1 or FIGS. 6 and 8. a closer simulation of the 
damper pedal effect can be realized 
By controlling the mixing ratio of tone signals of two 

systems in accordance with the operation amount of the 
operator as shown in the embodiment of FIG. 7. the feeling 
of expansion of a tone can be controlled as desired. 
What is claimed is: 
[1. A tone signal generation device comprising: 
memory means for storing waveform information corre 

sponding to a desired tone waveform; 
readout means for reading out the waveform information 

from the memory means at a desired readout speed in 
response to externally provided note selection informa 
tion; 

resonance tone generation means for generating reso 
nance tone information in accordance with the read out 
output of the waveform information; 

an operator. operable independently of note selection; 
detection means for detecting the presence or absence of 

operation of said operator and delivering out a detec 
tion output exhibiting a different value depending upon 
presence or absence of operation of said operator; and 

output means for delivering out the read out output of the 
waveform information as a ?rst tone signal when the 
detection output exhibits one value and delivering out 
the resonance tone information as a second tone signal 
when the detection output exhibits another value] 

2. [A tone signal generation device as de?ned in claim 1] 
A tone signal generation device comprising: 

memory means for storing waveform information corre 
sponding to a desired tone waveform; 
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readout means for reading out the waveform information 
from the memory means at a desired readout speed in 
response to externally provided note selection informa 
tion; 

resonance tone generation means for generating reso 
nance tone information in accordance with the read out 
output of the waveform information; 

an operator; operable independently of note selection, 
which is movable from a normally unoperated state to 
an operated state and returns to the unoperated state 
upon release thereof”; 

detection means for detecting the presence or absence of 
operation of said operator and delivering out a detec 
tion output exhibiting a di?’erent value depending upon 
presence or absence of operation of said operator; and 

output means for delivering out the read out output of the 
waveform information as a ?rst tone signal when the 
detection output exhibits one value and delivering out 
the resonance tone information as a second tone signal 
when the detection output exhibits another value, 
wherein the one value and the other value exhibited by 
the detection output correspond respectively to the 
presence and absence of operation of said operator and 
said output means gradually increases the amplitude 
level of the resonance tone information from the start of 
operation of said operator. 

[3. A tone signal generation device comprising: 
memory means for storing waveform information corre 

sponding to a desired tone waveform; 
readout means for reading out the waveform information 

from the memory means at a desired readout speed in 
response to externally provided note selection informa 
tion; 

resonance tone generation means for generating reso 
nance tone information in accordance with the read out 
output of the waveform information; 

an operator. operable independently of note selection; 
detection means for detecting an amount of operation of 

this operator and delivering out a detection output 
corresponding to the amount of operation; 

?rst level control means for controlling the level of the 
read out output of the waveform information in one 
direction in accordance with increase in the amount of 
operation exhibited by the detection output; and 

second level control means for controlling the amplitude 
level of the resonance tone information in a direction 
which is opposite to said one direction in accordance 
with increase in the amount of operation exhibited by 
the detection output. 

the outputs of said ?rst and second level control means 
being delivered out as a ?rst tone signal and a second 
tone signal. respectively] 

[4. A tone signal generation device comprising: 
memory means for storing ?rst waveform information 

corresponding to a waveform of a desired tone and 
second waveform information corresponding to a 
mixed waveform of said tone and a resonance tone 

thereof; 
an operator. operable independently of note selection; 
detection means for detecting the presence or absence of 

operation of said operator and delivering out a detec 
tion output exhibiting a different value depending upon 
presence or absence of operation of said operator; and 

tone signal generation means for generating a ?rst tone 
signal in accordance with the ?rst waveform informa 
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12 
tion when the detection output exhibits one value and 
a second tone signal in accordance with the second 
waveform information when the detection output 
exhibits another value] 

5. [A tone signal generation device as de?ned in claim 4 
wheein] A tone signal generation device comprising: 
memory means for storing ?rst waveform information 

corresponding to a waveform of a desired tone and 
second waveform information corresponding to a 
mixed waveform of said tone and a resonance tone 

thereof; 
an operator; operable independently of note selection, 

which is moveable from a normally unoperated state to 
an operated state and returns to the unoperated state 
upon release thereof; 

detection means for detecting the presence or absence of 
operation of said operator and delivering out a detec 
tion output exhibiting a different value depending upon 
presence or absence of operation of said operator; and 

tone signal generation means for generating a ?rst tone 
signal in accordance with the ?rst waveform infomta 
tion when the detection output exhibits one value and a 
second tone signal in accordance with the second 
waveform information when the detection output exhib 
its another value, wherein said tone signal generation 
means comprises: 

readout means for reading out the ?rst waveform infor 
mation and the second waveform information in par 
allel from said memory means at a desired speed; and 
selection means for selecting the read out output of the 
?rst waveform information and delivering it out as the 
?rst tone signal when the detection output exhibits a 
value corresponding to absence of operation of said 
operator and selecting the read out output of the second 
waveform information and delivering it out as the 
second tone signal when the detection output exhibits a 
value corresponding to presence of operation of said 
operator. said selection means gradually decreasing the 
level of the read out output of the ?rst waveform 
information from start of operation of said operator 
while gradually increasing the level of the read out 
output of the second waveform information. 

[6. A tone signal generation device comprising: 
memory means for storing ?rst waveform information 

corresponding to a waveform of a desired tone and 
second waveform information corresponding to a 
mixed waveform of the tone and a resonance tone 

thereof; 
readout means for reading out the ?rst and second wave 

form information from the memory means at a desired 
speed in response to externally provided note selection 
information; 

an operator. operable independently of note selection; 
detection means for detecting an amount of operation of 

this operator and delivering out a detection output 
corresponding to the amount of operation; 

?rst level control means for controlling the level of the 
read out output of the ?rst waveform informan'on and 
for changing it in one direction in accordance with an 
increase in the amount of operation exhibited by the 
detection output; and 

second level control means for controlling the level of the 
read out output of the second waveform information 
and for changing it in a direction which is opposite to 
said one direction in accordance with an increase in the 
amount of operation exhibited by the detection output. 
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the outputs of said ?rst and second level control means 
being delivered out as a ?rst tone signal and a second 
tone signal. respectively] 

7. An electronic musical instrument comprising: 
tone pitch designation means for designating a tone pitch 

of a tone to be generated; 
tone signal generation means for generating a tone signal 

in accordance with the tone pitch designated by said 
tone pitch designation means; 

an operator for controlling a tone. operable independently 
of note selection, which is movable from a normally 
unoperated state to an operated state and returns to the 
unoperated state upon release thereof; 

resonance tone adding means responsive to operation of 
said operator for adding a resonance tone to the tone 
signal to be generated by said tone signal generation 
means; and 

envelope changing means. for changing the shape of an 
amplitude envelope of the tone signal generated by said 
tone signal generation means in response to the opera 
tion of said operator. 

8. An electronic musical instrument as de?ned in calim 7 
wherein said tone signal generation means comprises 
memory means for storing waveform information for a 
desired tone waveform and delivering out the waveform 
information in accordance with the tone pitch designated by 
said tone pitch designation means and generates a tone 
signal in accordance with the read out waveform informa 
tion and 

said resonance tone adding means comprises resonance 
tone generation means for generating a resonance tone 
signal on the basis of the waveform information read 
out from said memory means so that the resonance tone 
signal is at least included in the tone signal generated 
by said tone signal generation means when said opera 
tor is operated. 

9. An electronic musical instrument as de?ned in claim 8 
wherein said resonance tone adding means further comprises 
mixing means for mixing the resonance tone signal with a 
tone waveform signal corresponding to the waveform infor 
mation read out from said memory means. 

10. An electronic musical instrument as de?ned in claim 
9 wherein said mixing means timewise changes. within a 
predetermined time length when said operator is operated. a 
ratio of mixing of the resonance tone signal and the tone 
waveform signal corresponding to the waveform informa 
tion read out from said memory means so that the ratio of the 
resonance signal gradually increases whereas the ratio of the 
tone waveform signal gradually decreases. 

11. An electronic musical instrument as de?ned in claim 
10 wherein said mixing means timewise changes. within a 
predetermined time length when operation of said operator 
has ceased. a ratio of mixing of the resonance tone signal and 
the tone waveform signal corresponding to the waveform 
information read out form said memory means so that the 
ratio of the resonance tone signal gradually decreases 
whereas the tone waveform signal gradually increases. 

12. An electronic musical instrument as de?ned in claim 
9 which further comprises means for detecting an amount of 
operation of said operator within the operated state and 
wherein said mixing means determines the mixing ratio of 
the resonance tone signal and the tone waveform signal 
corresponding to the waveform information read out from 
said memory means in accordance with the detected amount 
of operation of said operator. 

13. An electronic musical instrument as defined in claim 
8 wherein. when said operator is operated. the resonance 
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14 
tone signal generated by said resonance tone generation 
means is delivered as the tone signal from said tone signal 
generation means. 

14. An elecronic musical instrument as de?ned in claim 8 
wherein said resonance tone generation means comprises a 
?lter. 

15. An electronic musical instrument as de?ned in claim 
7 wherein 

said tone signal generation means comprises memory 
means for storing ?rst waveform information corre 
sponding to a desired tone waveform and second wave 
form information corresponding to a waveform having 
characteristics of a resonance tone for the tone 
waveform. reads out at least one of the ?rst waveform 
information and the second waveform information in 
accordance with the tone pitch designated by said tone 
pitch designation means. and generates a tone signal in 
accordance with the read out waveform information. 
and 

said resonance tone adding means causes the tone signal 
to be generated in accordance with the ?rst waveform 
information in said tone signal generation means when 
said operator is not operated and causes the tone signal 
to be generated in accordance with at least the second 
waveform information in said tone signal generation 
means when said operator is operated. 

16. An electronic musical instrument as de?ned in claim 
15 wherein said resonance tone adding means causes the 
tone signal to be generated by mixing a signal based on the 
?rst waveform information and a signal based on the second 
waveform information. 

17. An electronic musical instrument as de?ned in claim 
16 wherein said resonance tone adding means timewise 
changes. within a predetermined time length when said 
operator is operated. the mixing ratio of the signals based on 
the ?rst and second waveform information so that the ratio 
of the signal based on the second waveform information 
gradually increases and the ratio of the signal based on the 
?rst waveform information gradually decreases. 

18. An electronic musical instrument as de?ned in claim 
17 wherein said resonance tone adding means timewise 
changes. within a predetermined time length when the 
operation of said operator has ceased. the mixing ratio of the 
signals based on the ?rst and second waveform information 
so that the ratio of the signal based on the second waveform 
information gradually decreases and the ratio of the signal 
based on the ?rst waveform information gradually increases. 

19. An electronic musical instrument as de?ned in claim 
16 which further comprises means for detecting an amount 
of operation of said operator within the operated state and 
wherein said resonance tone adding means determines the 
mixing ratio of the signal based on the ?rst waveform 
information and the second waveform information in accor 
dance with the detected amount of operation of said opera 
tor. 

20. An electronic musical instrument as de?ned in claim 
15 wherein said resonance tone adding means causes the 
signal corresponding to the second waveform information to 
be generated as the tone signal from said tone signal 
generation means when said operator is operated 

21. An electronic musical instrument as de?ned in claim 
7 wherein said envelope changing means changes the decay 
rate of an amplitude envelope of the tone signal to be 
generated in said tone signal generation means. 

[22. A tone signal generation device for simulating the 
tone color characteristics of a piano of the type having a 
damper pedal. comprising: 
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memory means for storing waveform information corre 
sponding to a tone waveform having piano type tone 
color characteristics; 

readout means for reading out the waveform information 
from the memory means at a desired readout rate; 

a switching mechanism; 
means. responsive to operation of said switching 

mechanism. for modifying the read out tone waveform 
information so as to simulate the resonance effect of 
operation of a damper pedal in a piano; and 

output means for delivering the read out waveform infor 
mation or the modi?ed waveform information based on 
the operation of said switching mechanism] 

23. A musical tone control system for controlling a 
musical tone generated from a tone generator means, com 
prising: 

a pedal means which is movable from a normally unop 
erated state to an operated state and returns to the 
unoperated state upon release thereo? and which is 
operable for designating addition of an envelope and 
an e?'ect to said musical tone; 

operated~amount signal generator means, coupled to said 
pedal means, for detecting an operated amount of said 
pedal means and for generating an operated-amount 
signal; 

system control means, coupled to said operated-amount 
signal generator means, for outputting an envelope 
control signal and for also outputting an e?'ect control 
signal for changing a parameter in accordance with 
said operated-amount signal; 

envelope control means, coupled to said tone generator 
means and to said system control means, for controlling 
an envelope of said musical tone which is generated 
from said tone generator means, in accordance with 
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said envelope-control signal output from said system 
control means; and 

e?'ect adding means, coupled to said tone generator 
means and to said system control means, for adding 
said e?‘ect to said musical tone in accordance with said 
parameter which is changed by said eject control 
signal which is output from said system control means, 
said parameter thereby controlling the addition of said 
e?’ect to said musical tone as a function of the operated 
amount of said pedal means. 

24. The musical tone control system of claim 23 wherein 
said system control means includes an envelope signal 
generation circuit for receiving the operated-amount signal 
and outputting said envelope-control signal and an eject 
signal generating circuit for receiving the operated-amount 
signal and outputting said ejfect control signal. 

25. The musical tone control system of claim 23, wherein 
said pedal means comprises a damper pedal. 

26. The musical tone control system of claim 23, wherein 
said operated-amount signal generator means includes 
means for detecting two ON/OFF statuses of said pedal 
means as the operated amount of said pedal means. 

27. The musical tone control system of claim 23, wherein 
said operated-amount signal generator means includes 
means for detecting at least two statuses of said pedal means 
within the operated state as the operated amount of said 
pedal means. 

28. The musical tone control system of claim 23, wherein 
said e?’ect adding means includes reverberation e?’ect add 
ing means. 

29. The musical tone control system of claim 28, wherein 
said reverberation e?‘ect adding means includes means for 
generating parameters for determining a reverberation 
depth in accordance with said effect control signal output 
from said system control means. 

* * * * * 


