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PIANO TONE-SYNTHESIZING SYSTEM FOR 
ELECTRONIC MUSICAL INSTRUMENTS 

BACKGROUND OF THE INVENTION 

This invention relates to a piano tone-synthesizing 
system for electronic musical instruments. 

In an electronic musical instrument fundamental 
tone signals produced by the tone generators are com 
bined in various combinations to provide musical tone 
signals bearings various tone colors, using ?lters having 
different frequency characteristics. To elevate the ef 
fect of performance, selection is further made, for ex 
ample, of couplers, filters and envelopes associated 
with musical tones being played. 
To produce musical tones resembling piano tones by 

the prior art electronic musical instrument, tone signals 
generated by the tone generators with rectangular 
waves are delivered through a keyer upon key opera 
tion while being accompanied with the so-called per 
cussive envelope attenuating immediately after the rise. 
The tone signals are later passed through a ?lter to be 
supplied with, for example, the color of flute tones. 
This process provides musical tones like percussive 
tones, one of the characteristics of piano tones. Musi 
cal tones thus obtained indeed present such volume 
change or envelope change as simulates piano tones. 
However, those musical tones only bear a simple tone 
color, falling short of actual piano tones. 

SUMMARY OF THE INVENTION 

It is accordingly the object of this invention to pro 
vide a piano tone-synthesizing system enabling musical 
tones bearing tone colors more truthful to the charac 
teristics of piano tones than possible with prior art elec 
tronic musical instruments. 
The piano tone-synthesizing system of this invention 

essentially comprises a keyboard provided with a plu 
rality of keys; tone generators; a keyer for deriving 4’, 
8' and 16’ tone signals from the tone generators in re 
sponse to operation of each key on the keyboard; a ?rst 
tone coloring filter for imparting the color of ?ute 
tones to the 4’ tone signal; a second tone coloring filter 
for supplying the color of flute tones to the 8' tone sig 
nal; a third tone coloring ?lter for giving the 16’ tone 
signal the color of ?ute tones; a fourth tone coloring fil 
ter for furnishing the 4' and 8' tone signals with the 
color of brass tones; a ?fth tone coloring ?lter for sup 
plying the 4’ and 8' tone signals with the color of string 
tones; and means for mixing output signals from the 
first to fifth tone coloring ?lters. 
According to the piano tone-synthesizing system of 

this invention, the 8' ?ute tone signal de?nes the pitch 
of musical tones, and the 16' ?ute tone signal empha 
sizes the low compass of musical tones, thereby causing 
the musical tones to display forcefulness and massive 
ness. The 4' tone signal renders particularly the high 
compass prominent, providing the effect of string 
tones. Addition of the color of string tones to the musi 
cal tones enables the listener to feel such vibrations as 
are derived from piano strings. Further, the color of 
brass tones supplied to the musical tones renders par 
ticularly the high compass thereof very brilliant. 
The system of this invention enables musical tones 

including the percussive tones, strong tones and the 
tones derived from the sound boards which character 
ize piano tones to be produced over a range from the 
low to the high compass, namely, provides forceful per 

25 

30 

35 

40 

45 

50 

60 

65 

2 
cussive tones in the low compass and resounding per 
cussive tones in the high compass always in a brilliant 
state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a piano tone-synthesizing 
system according to an embodiment of this invention; 

FIGS. 2A to 2C are mixing characteristics of mixers 
of FIG. 1 used in combining tone signals of 4', 8’ and 
16' respectively; 
FIG. 2D is a circuit diagram of a mixer for the tone 

signals; 
FIG. 3A is a circuit diagram of one mixer of FIG. 1 

for the tone signals of 4’ and 8’; 
FIG. 3B shows characteristics of the mixer of FIG. 

3A; 
FIG. 4 is a block diagram of a piano tone-synthesizing 

system according to another embodiment of the inven 
tion; and 
FIG. 5 as a fractional circuit diagram of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, numeral 11 denotes the known 
tone generators for producing tone signals. Output sig 
nals from the tone generators 11 are conducted to the 
known keyer 12, which, upon key depression, selec 
tively draws out from the tone generators tone signals 
having a pitch corresponding to a depressed key and 
including 4', 8’ and 16' tone signals mutually bearing 
a coupler relationship. From the keyer 12 are jointly 
delivered tone signals falling within the predetermined 
compass or a half octave compass. Supposing that the 
keyboard 13 has five octave compasses, then the keyer 
12 is provided with 10 output terminals for the 4' tone 
signal, and also l0 output terminal for the 8' and 16' 
tone signals respectively. The fundamental pitch of the 
note of a depressed key is determined by the 8’ tone 
signal. The 16' tone signal has a frequency one octave 
lower than that of the 8’ tone signal and the 4’ tone sig 
nal has a frequency one octave higher than that of the 
8’ tone signal. The keyer 12 may be so designed as to 
produce tone signals bearing such a percussive enve 
lope as indicated by numeral 14. 
A plurality of 4’ tone signals delivered from the keyer 

12 are properly combined by a mixer 15. A mixed out 
put signal is supplied to a tone coloring filter 16 to be 
furnished with the color of ?ute tones. Similarly, a 
group of 8' tone signals and that of 16’ are combined 
by mixers 17 and 19 respectively, and than conducted 
to tone coloring filters 18 and 20 respectively so as to 
be given the color of ?ute tones. 
A group of4i' tone signals and that of 8' tone signals 

are further combined by mixers 21 and 23 respectively. 
These mixers 21 and 23 are each provided with a first 
output terminal H f0 mainly deriving tone signals of 
high frequency and a second output terminal L for 
mainly deriving tone signals of low frequency. The first 
and second output terminals H and L of the mixers 21 
and 23 are connected to a tone coloring filter 22 for im~ 
parting the color of brass tones to the 4' and 8’ tone sig 
nals. Further the second output terminals L of the mix 
ers 21 and 23 are connected to a tone coloring ?lter 24 
for supplying the color of string tones to the 4' and 8' 
tone signals. Musical tone signals from the tone color 
filters 16, 18, 20, 22 and 24 are properly combined by 
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resisters 25 to 29 and then conducted to an ampli?er 
30. 
The mixer 15 for the 4' tone signals is preferred to 

have such a frequency characteristic as cause the levels 
of mixed tone signals progressively to decrease, as 
shown in FIG. 2A, as the frequencies thereof fall. The 
mixer 17 for the 8' tone signals de?ning the fundamen 
tal pitch of musical tones is designed to have a ?at fre 
quency characteristic indicated in FIG. 28 whereby 
tone signals having different frequencies are mixed 
with an equal level. On the’ other hand, the mixer 19 for 
the 16’ tone signals is desired to display, as shown in 
FIG. 2C, the opposite frequency characteristic to that 
of the mixer 15 for the 4" tone signals. 
The mixers 21 and 23 are arranged, as illustrated, for 

example, in FIG. 3A. These mixers 21 and 23 each 
have ten input terminals to match the keyboard 13 hav 
ing ?ve octave compasses. Resistors R of equal resistiv 
ity are connected at one end to the input terminals. The 
resistors R are connected at the other end successively 
to resistors R1 of equal resistivity. The input terminals 
are supplied with tone signals whose frequencies pro 
gressively increase from the ?rst to the tenth input ter 
minal. The ?rst output terminal H is connected to that 
terminal a serial circuit consisting of resistors R1 which 
is located at the side of the tenth input terminal sup 
plied with a tone signal of highest frequency. The sec 
ond output terminal L is connected to that terminal of 
the serial circuit consisting of resistors R1 which is lo 
cated at the side of the first input terminal, supplied 
with a tone signal of lowest frequency. 
Where, therefore, the input terminals are supplied 

with tone signals having an equal level, then there are 
delivered, as shown in FIG. 38, from the ?rst output 
terminal H a plurality of tone signals whose levels pro 
gressively fall as their frequencies decrease, and from 
the second output terminal L a plurality of tone signals 
whose levels are successively reduced as their frequen 
cies increase. ' ' 

Musical tone signals delivered from the tone coloring 
filters 16, 18, 20, 22 and 24 may be combined by the 
resistors 25 to 29 in the following proportions: 

4' tone signals supplied with 
the color of ?ute tones l 

8' tone signals supplied with I 
the color of ?ute tones I 
I6‘ tone signals supplied with 
the color of ?ute tones 0.2 (l/5) 
Tone signals supplied with the 
color of brass tones ' 0.l6 (l/6) 
Tone signals supplied with th 
color of string tones O.l4 (H6) 

The mixers 15 and 19 of FIG. 1 may be arranged as 
shown in FIG. 3A. In this case, the mixer 15 need not 
be provided with the second output terminal L, nor the 
mixer 19 requires the ?rst output terminal H. The 
mixer 17 may have the arrangement of FIG. 3A. In this 
case, both first and second output terminals H and L 
are connected to the tone color filter 18. Or the mixers 
15, 17 and 19 may consist of mixers including as shown 
in FIG. 2D, ordinary mixing resistors r1 to r10. In this 
case, the mixers l5 and 19 include mixing resistors r1 
to r10 having sequentially different values and the 
mixer 17 include mixing resistors rll to r10 having an 
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of active elements or transistors having different ampli 
fication factors. Either of the mixers 15 and 21 for the 

4 
4' tone signals may be concurrently used as a substitute 
for the other. Similarly either of the mixers 17 and 23 
for the 8'. tone signals may be concurrently used as a 
substitute for the other. Further, either of the mixer 21 
for the 4’ tone signals and the mixer 23 for the 8' tone 
signals may be used in mixing the 4’ and 8' tone signals 
at the same time. Supply of the 4' and 8’ tone signals 
to the brass tone coloring ?lter 22 may be effected by 
two mixers each having the same ?at frequency charac 
teristics as those of the mixer 17. In this case, supply of 
4’ and 8' tone signals to the string tone coloring filter 
24 is carried out using a mixer having the same arrange 
ment as shown in FIG. 3A but only provided with the 
second output terminal L or a mixer including the mix 
ing resistors r1 and r10 of FIG. 2D having different val 
ues. 

In the embodiment of FIG. 1, there were used the 
mixers 15, and 19 having the frequency characteristics 
shown in FIGS. 2A and 2C as means for varying the lev 
els of 4’ and 16' tone signals supplied to the ?ute tone 
coloring ?lter l6 and 20 according to their frequencies. 
However, these mixers are not always necessary. 
Namely, the same effect can be attained by supplying, 
as shown in FIG. 4, the 4' and 16’ tone signals directly 
to the ?ute tone coloring ?lters l6 and 20 and provid 
ing a high pass filter 31 and low pass filter 32 on the 
output side of the ?ute tone coloring filters 16 and 20. 
The high pass filter 31 delivers tone signals having such 
frequency characteristics as shown in FIG. 2A, and the 
low pass ?lter produces tone signals having such fre 
quency characteristics as illustrated in FIG. 2B. The 
high and low pass ?lters 31 and 32 may be disposed on 
the input side of the ?ute tone coloring filters 16 and 
20. ‘ 

FIG. 5 illustrates the circuit arrangement of the high 
and low pass filters 31 and 32, brass tone coloring filter 
22 and string tone coloring ?lter 24. The high pass filter 
31 is desired to have a cutoff frequency of 600 to 700 
Hz (-—6 db/oct) and the low pass ?lter a cutoff fre 
quency of 100 to 200 Hz (—-6 db/oct). 
What is claimed is: 
1. A method for synthesizing piano tones using an 

electronic musical instrument including a keyboard 
means having a plurality of keys for initiating tone gen 
eration and a plurality of tone generators comprising 
the steps of: - 

coupling out tone signals of 4', 8' and 16' from said 
tone generators in response to operation of at least 
one key on said keyboard; - 

imparting the color of ?ute tones to the 4' tone signal 
having a predetermined amplitude and forming a 
?rst musical tone signal; 

imparting the color of ?ute tones to the 8' tone signal 
having a predetermined amplitude and forming a‘ 
second musical tone signal; 

imparting the color of ?ute tones to the 16’ tone sig 
nal having a prescribed amplitude and forming a 
third musical tone signal; , 

imparting the color of brass tones to the 4' and 8' 
tone signals, each having a predetermined ampli 
tude, and forming a fourth musical tone signal; 

imparting the color of string tones to the 4' and 8' 
tone signals, each having a predetermined ampli 
tude, and forming a fifth musical tone signal; and 
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combining said ?rst to fifth musical tone signals in a 
predetermined ratio for producing a synthesized 
tone signal. 

2. A system according to claim 1 comprising combin 
ing the respective musical tone signals in a ratio of sub 
stantially lzlztllz?l??ld. 

3. A system according to claim 1 comprising deriving 
said 4', 8’ and 16' tone signals from said tone genera 
tors with respective percussive envelopes. 

4. A piano tone synthesizing system for electronic 
musical instruments comprising: 
keyboard means having a plurality of keys for initiat 
‘ing tone generation; 

a plurality of tone generators; 
keyer means for coupling out tone tone signals of 4', 

8’ and 116' from said tone generators in response to 
operation of each key of said keyboard means; 

a first tone coloring ?lter means coupled to said 
keyer means for supplying said 4' tone signal with 
the color of ?ute tones; 

a second tone coloring ?lter means coupled to said 
keyer means for supplying said 8' tone signal with 
the color of flute tones; 

a third tone coloring ?lter means coupled to said 
keyer means for suppying the color of flute tones 
to said 16; tone signal; 

a fourth tone coloring ?lter means coupled to said 
keyer means for supplying the 4' and 8’ tone sig 
nals with the color of brass tones; 

a fifth tone coloring ?lter means coupled to said 
keyer means for supplying said 4' and 8' tone sig 
nals with the color of string tones; and 

means for combining output signals from said ?rst to 
fifth tone coloring ?lters to generate a synthesized 
tone signal. 

5. A system according to claim 4 further comprising 
amplitude varying means coupled to said ?rst tone col 
oring filter means for progressively reducing the ampli 
tudes of a plurality of 43’ tone signals delivered from 
said keyer means in response to operation ofa plurality 
of keys on said keyboard means as their frequencies de 
crease. 

6. A system according to claim 5 wherein said ampli 
tude varying means comprises a high pass ?lter. 

7. A system according to claim 5 wherein said ampli 
tude varying means comprises a mixer coupled be 
tween said keyer and said first tone coloring ?lter. 

8. A system according to claim 7 wherein said mixer 
includes a plurality of input terminals; one output ter 
minal coupled to the input of said ?rst tone coloring fil 
ter; a plurality of first resistors of equal resistance con 
nected at one end to the plural input terminals respec 
tively; and a plurality of second serially connected re 
sistors of equal resistance successively interconnecting 
the opposite ends of said first resistors with at least one 
second resistor coupled between successive opposite 
ends of said ?rst resistors, one end of said serial con 
nection of said second resistors being connected to said 
output terminal, and said input terminals being sup 
plied with the 4’ tone signals whose frequencies pro 
gressively decrease from the input terminal coupled to 
the ?rst resistor which is connected at its said other end 
to the output end of said serial connection of said sec 
ond resistors toward the input terminals successively 
coupled at points along said serial connection of said 
second resistors. 
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9. A system according to claim 8 wherein said input 

terminals of said mixer are each supplied with a plural 
ity of a’ tone signals falling within a predetermined 
compass collectively. 

10. A system according to claim 4 further comprising 
amplitude varying means coupled to said third tone col 
oring ?lter means for progressively reducing the ampli 
tudes of a plurality of 16' tone signals delivered from 
said keyer means in response to operation of a plurality 
of keys on said keyboard means as their frequencies in 
crease. 

lll. A system according to claim 10 wherein said am 
plitude varying means is a low pass ?lter. 

12. A system according to claim 10 wherein said am 
plitude varying means is a mixer connected between 
said keyer means and said third tone coloring filter. 

13. A system according to claim 12 wherein said 
mixer includes a plurality of input terminals, one out 
put terminal coupled to the input of said third tone col 
oring ?lter means, a plurality of ?rst resistors of equal 
resistance connected at one end of said plural input ter 
minals respectively; and a plurality of second serially 
connected resistors of equal resistance successively in 
terconnecting the opposite ends of said ?rst resistors 
with at least one second resistor coupled between suc 
cessive opposite ends of said ?rst resistors, one end of 
said serial connection of said second resistors being 
connected to said output terminal, and said input ter 
minals being supplied with 16’ tone signals whose fre 
quencies progressively increase from the input terminal 
coupled to the first resistor which is connected at its 
said other end to the output end of said serial connec 
tion of said second resistors toward the input terminals 
successively coupled at points along said serial connec 
tion of said second resistors. 

14. A system according to claim 10 wherein said 
input terminals of said mixer are each supplied with a 
plurality of 16’ tone signals falling within a predeter 
mined compass collectively. 

15. A system according to claim 4 further including 
amplitude varying means coupled to said fifth tone col 
oring ?lter means for progressively reducing the ampli 
tudes of a plurality of 4' tone signals and those of a plu 
rality of 8' tone signals delivered from said keyer in re 
sponse to operation of a plurality of keys on said key 
board means as their frequencies increase. 

16. A system according to claim 4 further comprising 
a first amplitude varying means connected between 
said keyer means and said fourth tone coloring filter 
means and a second amplitude varying means con 
nected between said keyer means and said fifth tone 
coloring ?lter means; said ?rst and second amplitude 
varying means each having a plurality of input termi 
nals, a first and a second output terminal, a plurality of 
first resistors successively connected at one end to the 
plural input terminals respectively, and a plurality of 
second serially connected resistors of equal resistivity 
successively interconnecting the opposite ends of said 
plural ?rst resistors with at least one second resistor 
coupled between successive opposite ends of said first 
resistors; said first and second output terminals being 
connected to the end terminals of the serial circuit 
comprised of said serially connected second resistors; 
said plural input terminals of each of said ?rst and sec 
ond amplitude varying means being so connected to 
said keyer means as to receive a group of 4' tone signals 
and that of 8’ tone signals respectively whose frequen 
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cies progressively decrease from the input terminal 
which is coupled to the first resistor which is connected 
at its said other end to said ?rst output terminal toward 
the input terminal which is coupled to the ?rst resistor 
which is connected at its said other end to said second 
output terminal; said ?rst and second output terminals 
of said ?rst and second amplitude varying means being 
connected to said fourth tone coloring ?lter; and said 
second output terminal of each of said ?rst and second 
amplitude varying means being connected to said ?fth 
tone coloring ?lter. 

17. A piano tone-synthesizing system for electronic 
musical instruments comprising: 
keyboard means having a plurality of keys for initiat 

ing tone generation; 
a plurality of tone generators; 
keyer means for coupling out tone signals of 4’, 8' 
and 16' from said tone generators in response to 
operation of at least one key of said keyboard 
means; 

means coupled to the output of said keyer means for 
forming a ?rst musical tone signal, said means in~ 
cluding a tone coloring ?lter means for supplying 
the 4' tone signals with the color of ?ute tone and 
means coupled to said tone coloring ?lter means 
for varying the levels of the 4' tone signals as a 
function of their frequencies over a given range of 
frequencies; 

means coupled to the output of said keyer means for 
forming a second musical tone signal, said means 
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8 
including a tone coloring ?lter means for supplying 
the 8’ tone signals with the color of ?ute tones; 

means coupled to the output of said keyer means for 
forming a third musical tone signal, said means in 
cluidng a tone coloring filter means for imparting 
the color of ?ute tones to the 16' tone signals and 
means coupled to said tone coloring ?lter for vary 
ing the levels of the 16’ tone signals as a function 
of their frequencies over a given range of frequen 
cies; 

means coupled to the output of said keyer means for 
forming a fourth musical tone signal, said means 
including a tone coloring filter means for supplying 
the 4’ and 8’ tone signals with the color of brass 
tones; 

means coupled to the output of said keyer means for 
forming a fifth musical tone signal, said means in 
cluding a tone coloring ?lter means for supplying 
the 4’ and 8' tone signals with the color of string 
tones and means coupled to said tone coloring fil 
ter means for varying the levels of the 4' 8’ tone 
signals as a function of their frequencies over a 
given range of frequencies; and . 

means for combining said first to ?fth musical tone 
signals in a predetermined ratio to generate a syn 
thesized tone signal. 

18. A system according to claim 17 wherein said pre 
determined ratio in which the respective musical tone 
signals are combined in substantially 1:1:0.2:0.16:0.l4. 

* * * * * 


