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Description
BACKGROUND OF THE INVENTICN
a) Field of the invention

The present invention relates 1o a tone signal syn-
thesizer using a delayed feadback type tone signal syn-
thesizing algorithm for synthesizing a tone signal by
waveform processing through inputting a driving wave-
form signal into a closed loop containing a delay means
and a fitter means and circuiating the driving waveform
signal in the closed loop. In particular, it relates to a tone
signal synthesizer adapted for an electronic musical in-
strument capable of providing tone control to simulate
musical tones of natural musical instruments.

b) Description of the Prior Art

In a waveform read type tone signal synthesizer,
tone signals different in pitch are synthesized by reading
a fundamental waveform (for example, a sinusoidal
waveform) at different reading speed. Because the
number ¢f points samplad from the fundamental wave-
form decreases as the frequency increases, the charac-
teristics of the synthesized tone signals deteriorate. Fur-
ther, it is difficult to change the signal waveform with the
passage of time.

Japanese Patent Postexam. Publication No.
Sho-58-58679 has proposed a technigue for synthesiz-
ing a tone signal by inputting a driving waveform signal
into a closed loop formed by a serial connection of a filter
and a delay circuit and repeatedly circulating the driving
waveform signal in the closed loop. According to this
technique, the amplitude, high-frequency content,
high-frequency phasse, etc. of the signal can be changed
widely with the passage of time, so that musical tones
more perfectly appreaching the musical tones of natural
musical instruments can be generated compared with
the waveform read type tone signal synthesizer.

Such a tone signal synthesizer is alsc known from
EP-A-0 248 527.

In racent electronic musical instruments, a tech-
nique for changing various characteristics by touch has
been popularized. For example, the attack-decay-sus-
tain-reloaso waveform of a musical tone in a natural mu-
sical instrument can be simulated by controlling a sound
volume envelope correspondingly to the touch. Further,
the vibration of pilch caused by the touch can be simu-
lated.

In natural musical instruments such as a piano, not
only a sound volume changes in accordance with touch
but the pitch and harmonic structure of a musical tone
change just after key depression and then retum to the
designated pitch and the standard harmonic structure
with the passage of time. With respect to the harmonic
structure, the musical tone just after key depression con-
tains many non-harmonic pitch components as well as
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harmonics having pitches expressed by integers or sim-
ple fractional numbers with respect to the pitch of a fun-
damental tone. The non-harmonic pitch components de-
crease with the passage of time, so that a pure harmonic
structure remains.

SUMMARY OF THE INVENTICN

Anobject of the present invention is to provide a tone
signal synthesizer using a delayed feedback type tone
synthesizing algorithm by which a musical tone can be
controlled in accordance with touch.

Ancther object of the present invention is to provide
a tone signal synthesizer by which various characteris-
tics can be changed in accordance with touch to simulate
the vibration of pitch and the generation of non-harmonic
components caused by touch in a natural musical instru-
ment.

These objects are achieved by the prasent invention
as defined in the appended independent ¢laims 1 and
10. Advantageous modifications of the present invention
are defined by the dependent claims.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is & biock diagram showing the outline of an
electronic musical instrument according to an
embodiment of the prasent invention;

Fig. 2 is a block diagram showing an example of the
configuration of the tone generator circuit depicted
in Fig. 1,

Fig. 3 is ablock diagram showing an example of the
configuration of the ali-pass filter depicted in Fig. 2;
Fig. 4 is a block diagram showing an exampls of the
configuration of a conventional tone generator cir-
cuit;

Fig. 5 is a block diagram showing an example of the
configuration of a touch delection circuit in a key-
beard instrument;

Fig. 6 is a schematic view showing an example of
the structure of first and second contacts in the key-
board;

Fig. 7A is a schematic view showing the extemal
appearance of a wind instrument type electronic
musical instrument;

Fig. 7B is an enlarged partial perspective view show-
ing the structure of the end portion of the wind instru-
ment type elactronic musical instrument;

Fig. 7C is a block diagram showing a touch detection
circuit adapted for the wind instrument type elec-
tronic musical instrument;

Fig. 7D is a graph for explaining the detection of an
initial touch signal;

Fig. BA is a block diagram showing an initial touch
detection circuit in a percussion insirument type
electronic musical instrument;

Fig. 88 is a graph for explaining the detection of ini-
tial touch;
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Fig. 9 is a block diagram showing an example of the
configuration of the address generator;

Fig. 1@A is a diagram for explaining the function of
the ail-pass filter depicted in Fig. 3;

Fig. 188 is a diagram showing a circuit equivalent
to the circuit of Fig. 10A;

Fig. 11 is a graph showing the relationship between
the sampling period and the change of T,

Fig. 12 is a graph showing the change of the ampli-
fication factor given to the all-pass filter, with the pas-
sage of time;

Fig. 13is a graph showing the change of the number
n of delay stages given to the all-pass filter, with the
passage of time;

Fig. 14 is a block diagrar showing the configuration
of a merory type envelope generator;

Fig. 15 is a diagram showing an example of the con-
figuration of the conversion table using the snvelope
generator,

Fig. 16 is a block diagram showing an example of
the configuration of a calculation type envelope gen-
erator;

Fig. 17 is diagrarn showing conversion tables;

Fig. 18 is a block diagram showing an example of
the configuration of the dslay circuit; and

Fig. 19 is a block diagram showing an example of a
loop cireuit constituted by a delay circuit and an
all-pass fifter.

DESCRIPTION CF THE PREFERRED
EMBODIMENTS

To facilitate understanding of the present invention,
first, a delayed feedback type tone signai synthesizer will
be described.

Fig. 4 shows a tone generator circuit (tone signal
synthesizer) like that disclosed in the above Japanese
Patent Postexam. Publication No. Sho-58-58679. In the
drawing, an address generator 21 gensarates an address
signal according to a tone generation command, or the
like, given from an CPU (not shown), or the like. A driving
waveform memory 22 generates a driving waveform sig-
nal on the basis of the address signal and supplies the
driving waveform signa! into a closed loop constituted by
a delay circuit 23 and a filter 24. The driving waveform
signal circulates in the closed loop. The delay circuit 23
determines the time required for one circulation, that is,
the pitch of a tone signal 1o be generated. The low-pass
filter 24 gives such a decay characteristic in which the
decay rate becomes high as the pitch becomes high. The
tone signal can be picked up at a desired point in the
closed loop.

Embodiments of the present invention will be de-
scribed hersunder with reference to the drawings.

Fig. 1 is a block diagram showing the outline of an
alectronic keyboard instrument according to an embod-
iment of the present invention.

In the electronic keyboard instrument, the operation
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thereof is generally controlled by a central processing
unit (CPU) 1@. Aread-only memory (ROM) 11, a random
access memory (RAM) 12, a keyboard circuit 13, atouch
information detection circuit 14, an operation panel 16
and a tone generator circuit 17 are connected to the CPU
1@ through a two-directional bus line BUS. A sound sys-
tem 18 is connected to the tone generator circuit 17. A
speaker 19 is connacted to the sound system 18,

In Fig. 1, programs for controlling the CPU 10 and
data necessary for generating various kinds of musical
tones are stored in the ROM 11,

The RAM 12 is used as a temporary storage or reg-
ister necessary for generating various kinds of musical
tones.

The keyboard circuit 13 has a keyboard capable of
touch detection. The keyboard circuit 13 detects the op-
eration of a key on the keyboard and generates a key
code representing the operated key, a key-on signal
(KON) representing the state of key depression and a
key-off signal (KOFF)representing the state of key re-
lease.

The touch information detection circuit 14 detects
the key depression spaed or key release speed of the
key operated onthe keyboard and generates initial touch
information IT representing the key depression speed
and release touch information RT representing the key
release speed.

The operation panel 16 is provided for switching
tone color and for setling other parameters necessary
for the electronic musical instrument.

The tone generator circuit 17 synthesizes a musical
tone signal on the basis of parameters given from the
CPU 10.

The sound system 18 converts digital data outputted
from the tone generator circuit 17 into analogue data for
actuating the speaker 18, and, if necessary, amplifies the
analogue data.

Fig. 2 shows the configuration of the tone generator
circuit 17 depicted in Fig. 1. The tone generator circuit
17 changes the filter factor in accordance with touch. The
circuit of Fig. 2 is the same as the circuit shown in Fig. 4
in that a driving waveform is read from a driving wave-
form memory 22 on the basis of an address signai gen-
erated by an address signal 21 and is supplied to a loop
circuit. In the loop circuit, an all-pass filter 25 is connect-
ad in series to a filter 24. A filter factor generation circuit
for giving a filter factor is connected to the all-pass filter
25

The delay circuit 23, the low-pass filter 24 and the
ali-pass filter 25 constitute a feedback loop. The total de-
lay amount of the delayed feedback loop corresponds to
the pitch of the musical tone to be outputted. A conver-
sion table 26, a comparator 27 and a pitch envelope gen-
erator 28 constitute a filter factor generation circuit.

The all-pass filter 25 is a filter having such a flat am-
plitude charactaristic in which only the phase depends
on the frequency in a predstermined use band. When a
signal having a certain frequency circulates in the loop,
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the phase difference betwean the original signal and the
output signal depends on the delay characteristic of the
loop, that is, depends on the frequency characteristic of
the all-pass filter.

The operation of the circuit in Fig. 2 wili be described
hereunder. The address generator 21 receives informa-
tion such as a memory read starting signal ST, a memory
read starting point and a read data size DS from the CPU
1@ shown in Fig. 1 and generates address information
for reading the wavetorm signa! from the driving wave-
form memory 22 on the basis of the information.

The driving waveform memory 22 outputs a driving
wavelorm addressed by the address information and
supplies the driving waveform into the loop circuit includ-
ing the delay circuit 23, the filter 24 and the all-pass filter
25.

The delay circuit 23 is a circuit for delaying an input
by a predetermined time. The delay circuit 23 may be
constituted by a shift register, an RAM, or the like. DL
represents the number of delay stages in the delay circuit
23 generated in a conversion circuit 3@ on the basis of
the key code KC representing pitch. In the case where
the delay circuit 23 is constituted by a shift register, DL
represents the number of stages in the shift register.

The filter 24 is a filker having the same decay as that
of the filter 24 used in the tone generater in Fig. 4. To
give strong decay for high pitch, the filter 24 generally
constituted by a low-pass filter may be used in combina-
tion with a band-pass filter, or the like, for attaining a spe-
cific tone color. That is, the filter 24 is used for atlaining
both the frequency characteristic and the decay charac-
teristic of the output tons. The cut-off frequency, the de-
cay rate, orthe like, as thefilter parameter FPS, are given
to the filter 24 by the CPU 1@. Alternatively, in the case
where an ordinary digital filter difficull 1o process as an-
aloguse data, such as FIR or HR, Is used, a set of filter
factors are given as the filter parameter FPS.

The all-pass filter 25 is substantially different from
the filter 24 in that the filter 25 has no decay and gives
delay time depending on the frequency. The all-pass fil-
ter 25 is similar to the delay circuit in that it gives delay
time, but the filter 25 is different from the delay circuit in
that it can give frequency dependency to the delay time.

A filter factor generation circuit constituted by a con-
version table 26, a comparator 27 and a pitch envelope
generator 28 is provided for setting both a filter factor a
for controlling frequency dependency and a filter factor
n for designating delay time independent of the frequen-
cy.

To determine the filter factor @, the initial touch in-
formation IT supplied from the CPU 1@ is compared with
threshold information TO in the comparator 27. in the
case of a piano, an output "1" is generated only when
initial touch is not weaker than a predetermined thresh-
ok, in accordance with the fact that a change of pitch
occurs when key touch is not weaker than a certain val-
ue. The threshold information TO may be given by a per-
former through the operation panel 16 or may be preset
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in the ROM 11 corresponding 1o the tone color. When a
change of pitch caused by touch is to be avoided, the
threshold information TO may be set at the maximum on
the operation panel 16 so that an output signal "@" is al-
ways generated because IT is always smaller than TO
in the case whare the threshold information TO is to be
set on the operation panel 16. Altematively, in the case
where the threshold information TO is preset in the ROM
11, a switch may be provided separately so thai the com-
parator can be disabled when the change of pitch is to
be avoided.

The pitch envelope generator 28 outputs a pitch en-
velope curva corresponding to the initial touch IT and the
key code KC. To meet with the phenomenon that the
change of pitch becomes larger as the touch becomes
stronger in the performance of a natural musical instru-
ment, the pitch envelope curve is provided which de-
pends on the initial touch IT, Because the pitch envelope
must be changed rapidly in high pitch region in which
decay is generally rapid, the pitch envelope curve is pro-
vided which depends on the key code KC, that is, key
scaling is made.

A multiplier 29 following the pitch envelope genera-
tor 28 multiplies the output of the pitch envelope gener-
ator 28 by the output ("@" or *1") of the comparator 27 so
that a signal for giving the change of pitch to the filter 25
can be supplied to the conversion table when the initial
touch IT is not weaker than the threshold TO. That is,
when the output of the comparator 27 is "@", the output
of the multiplier 29 becomes "@" regardless of the output
of the pitch envelope generator 28 so that there occurs
no change of pitch. When the output of the comparator
27 is "1, the output of the pitch envelope generator 28
is directly used as the output of the multiplier 29 to be
given to the conversion table 28.

The conwersion table 26 is a table for converting the
pitch envelope outputted from the pitch envelope gener-
ator 28 into the filter factor « of the all-pass fifter 25 cor-
respondingly to the real change of pitch. The conversion
table 26 serves also as a table for converting the key
code KC into the number n of dalay stages as the other
filter factor. The width of the pitch change is limited by
the parameter n. The factors « and n given by the table
26 are fod 10 the fifter 25.

Fig. 3 shows an example of the configuration of a
general first order all-pass filter. Adders 34 and 35 are
connected respectively 1o the input side and the output
side of a delay circuit 33. The output is fed back to the
input-side adder 34 in phase through an amplifier 32 hav-
ing an amplification factor «. The input is fed forward to
the output-side adder 35 in opposite phase through an
amplifier having the amplification factor ¢t. The frequency
characteristic of the phase change can be changed var-
iously by changing the amplification factor « of the am-
plifiers 31 and 32. When, for example, the amplification
factor o is zero, the all-pass filter is simply a delay circuit
to give delay time equal for all frequencies. In general,
in the all-pass filter having this structure, the phase dif-
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ferance depending on the frequency is widened as the
amplification factor o approaches 1.

The number n of delay stages corresponding to the
key code KC as the number of stages in the delay circuit
(for example, a shift register) 33 and the factor « variable
with the passage of time and outputted from the pitch
envelope generator 28 (Fig. 2) corresponding to the key
code KC and the initialtouch I T as the amplification factor
o of the amplifiers 31 and 32 are supplied from the con-
version table 26 of Fig. 2 to the all-pass filter of Fig. 3.
As a result, a musical tone in which pitch changes cor-
responding 1o the factors o and n is synthesized in the
tone generator circuit 17 of Fig. 2.

As described above, in an electronic musical instru-
ment as shown in Fig. 1, having a tona generator circuit
as shown in Fig. 2, using an all-pass filter as shown in
Fig. 3, amusical tone can be changed finely correspond-
ing to the touch in the performance manipulation. In the
following, important paris therecof are described more in
detail in conjunction with modifications thereof.

Means for detecting a touch signal is described now.
Fig. 5 shows an example of a touch detection circuit in
a keyboard instrument. A keyboard 40 has a large
number of keys. A first contact and a second contact are
provided in each of the keys. A group 41 of first contacts
and a group 42 of second contacts are connectedto a
keyboard CPU 43. A counter 48 continuously counts a
clock signal CL. and supplies the count value o the GPU
43.

When the CPU 43 detects touch at the first contact
of a certain key, the value of the running counter at the
time of detection is stored. When the CPU 43 then de-
tects touch at the second contact of the key, the value of
the running counter at the time of detection is stored. The
number of counts from the touch at the first contact to
the touch at the second contact, that is, the time required
from the touch at the first contact to the touch at the sec-
ond conlact, is detected by subtracting the value of the
counter at the time of detection of the touch at the first
contact from the value of the counter at the time of de-
tection of the touch at the second contact. As the touch
becomes stronger, the number of counts decreases. On
the contrary, as the touch becomes weaker, the number
of counts increases. The number of counis exprassing
the strength of the touch is converted into touch informa-
tion by the CPU 43. The touch information is stored in a
predetermined area of a dual port memory 46. These
procedures are carried out according to a program
stored in a program storage 44. The dual port memory
46 is also connected to the bus BUS. Data are ex-
changed between the CPU 1@ of the musical instrument
and the CPU 43 of the keyboard 4@ through the memory.

Fig. 6 schematically shows an example of structure
of the first and second contacts in the keyboard. Each
key 51 is supported by a fulcrum 52 5o as to be rotatable.
When the key 51 is pressed down, a hammer 53 sup-
ported by a fulcrum 54 so as to be rotatable is pressed
down. Two projections 55 and 56 are provided in the low-
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or surface of the hammer 53. At least those projections
55 and 56 are formed of elastic substance. When urged
down, the hammer 53 touches the first contact 57 to
make it and then touches the second contact 58 10 make
it. Such touches at the first and second contacts 57 and
58 are detected by the CPU shown in Fig. 5.

Fig. 7A shows the extemal appearance of a wind in-
strument type electronic musical instrument. A large
number of keys 62 tor designating pitches are provided
in a main portion of a wind instrument body 8@. A mouth-
piece 61 is connected to one end of the body 6@. A de-
sired tone signal is generated by holding the mouthpiece
in the mouth, giving breath into the mouthpiece 61 and
manipulating the keys 62.

Fig. 7B schematically shows a structure of the end
portion of the wind instrument type electronic musical in-
strument 80 in the case where the mouthpiece 61 is de-
tached. A pressure sensor 63 detects the pressure of
breath of the performer. A cantilever 64 is formed so that
the lever moves forth and back corresponding to the de-
gree of closing of the performer's mouth to thereby give
an output corresponding to the position of the lever. That
is, the cantilever 64 detects the embouchure of the per-
formaer. The cantilever 64 being in contact with a lead of
the wind instrument type manipulator detects the motion
of the lead. The lead in the slectronic musical instrument
does not vibrate though the !ead in a natural wind instru-
ment vibrates. In short, the lead moves substantially
merely corresponding to the state of the performer's
mouth.

Fig. 7C shows a touch detection circuit adapted for
the wind instrument type elaectronic musical instrument.
The pressure sensor 63 and the cantilever 64 supply an-
alogue signals corresponding to the pressure of breath
and the embouchure to analog-to-digital converters 65
and 66, respectively. The analog-to-digital converters 65
and 66 convert input analogue signals into digital signals
and supply the digital signals to a CPU 67. A timer 68
counts a clock signal CL and supplies the count value to
the CPU B7. The CPU 67 detects the change of the pres-
sure and the change of the embouchure in a period of a
predetermined count value and forms a touch signal to
be stored in @ memory 69. The memory 69 is connected
to the bus of the electronic musical instrurment body to
make data exchange between the memory 69 and the
CPU of the electronic musical instrument body.

In the case of the wind instrument, the touch signal
can be generated based on the breath pressure signal
detecied by the pressure senscr 83. Fig. 7D is a graph
for explaining the detection of an initial touch signal IT.

The graph shows the case where the breath pres-
sure rises gradually with the passage of time and then
decreases slowly afier reaching its maximum. The
change of the breath pressure in a predetermined time
Tw after exceeading a threshold level BR® is detected.
The passage of time Tw is detected by counting the count
value supplied from the timer 68. The breath pressure IT
after the passage of time Tw is detected as initial touch.
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The detection of such initial touch is made by interrupt
processing at the time of detection of the breath pres-
sure.

Figs. 8A and BB show the detection of touch in the
case of a percussion instrument.

Fig. BA shows an initial touch detection circuit in a
percussion instrument type electronic musical instru-
ment. A vibration sensor 71 provided in a performanca
portion of the percussion instrument type slectronic mu-
sical instrument delects vibration and supplies a detec-
tion signal to an analog-to-digital converter 72. The an-
alog-to-digital converter 72 converts the signal into a dig-
ital signal and supplies the digital signal to a CPU 73. A
timer 74 counts a clock signal and supplies a time signal
to the CPU 73. The CPU 73 dstects initial touch and
makes an RAM 75 stare initial touch information.

Fig. 8B is a graph for explaining the detection of in-
itial touch. In the case of percussion instrument, the sig-
nal thus detected is a kind of alternating-current signal
as shown in Fig. 8B. Because the datection signal is a
kind of alternating-current signal, an envelops signal as
shown by a broken line in Fig. 8B can be acquired by
once subjecting the detection signa!l to a low-pass filter.
A initial touch signal is detected by using the envelope
signal in the same manner as described above with ref-
erence to Fig. 7D.

Although description is made upon the case of a per-
cussion instrument, the aforementioned detection meth-
od can be also applied to a string instrument type elec-
tronic musical instrument in which vibration of a string is
detected.

As described abovs, initial touch signals can be re-
spectively detected from performancs portions of elec-
tronic musical instruments having various parformance
styles. It is obvicus to those skilled in the art that key
code KC representing pitch and cother tone forming pa-
rameters can be detected correspondingly to the form of
the musical instrument,

In the following, main constituent members of the
tone generator circuit shown in Fig. 2 are described. Fig.
9 shows an example of the configuration of the address
generator 21. A fuil adder 81, a delay circuit 82 and an
AND circuit group 83 are connected in series 1o consti-
tute a loop circult. A comparator 84 compares an input-A
with an input-B and supplies "1" to the full adder 81 when
the input-A is larger than the input-B. The input-A of the
comparator 84 is connected to a latch circult 85, The out-
put of the loop circuit is fed out as an address signal
through an adder 88, The output of a latch circuit 86 is
applied to the adder 88. The latch circuits 85 and 86 latch
the data size DS and the starting pointer SP, respectively.

When a starting pulse SP is given, the data in the
loop circuit is reset by the AND circuit group 83. There-
after, if the value in the loop is smallerthan DS, the signal
is increased by "1" in the full adder 81. When the value
in the loop reaches DS, the output of the comparator 84
becomes zero sothat the increment operation of the loop
stops. The value in the loop is added to the starting point-
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er SP representingan address starting point by the adder
88 to thereby genarate an address signal AD.

Fig. 10A is a diagram for explaining the function of
the all-pass filter shown in Fig. 3. The input, the output,
the amplification factor and the delay constant of the de-
lay circuit are represented by X, Y, k and Z-1, respsciive-
Iy.

When the respective valuos are represented as de-
scribed above, the output Y can be expressed by the fol-
lowing equation.

Y=kYZ" + X2 - kX
Y(i-kZYy=x2Z" -K

viX= (27 - ki -z
Fig. 18B shows a circuit equivalent to the circuit of

Fig. 18A and expressed by another circuit form.
The delay characteristic of a transfer function

H@) =" -Kky(1 - k2"
is expressed by the equation:
t(®X) = T(1 - k2)/(1 - 2kcoswT + k2)
in which o represents the angular velocity, and t{wX)
represents the delay time for the angular velocity aX.

Fig. 11 is a graph in which the ratio of the delay time
to the sampling period T is plotted with respect to the
change of oT. This relationship is the relationship be-
tween the phase angle and the frequency. When this re-
lationship is rearranged to the relationship between the
frequency and the delay amount, a curve as shown by a
broken line is acquired.

Itis obvious from Fig. 11 that the phase angle chang-
es widely correspondingly to the frequency when the am-
plification factor a(k in the aforementioned equation) of
the amplifiers 31 and 32 in the circuit of Fig. 3is changed.

Fig. 12 is a graph showing an example of the change
with the passage of time, of the amplification factor « giv-
eniotheall-passfilter 25. The amplification factor ¢ rises
to a value near to 1 in response 1o the key on KON cor-
responding to key depression on the keyboard (or the
like) and then decreases in he form of an exponential
function. When a is near 1, many non-harmonic compo-
nents are generated as is obvious from Fig. 11. The am-
plification factor e must be smaller than 1, because the
all-pass filter becomes divergent for a direct current
when o is 1.

Fig. 13 is a graph showing the change with the pas-
sage of time, of the number n of delay stages given to
the all-pass filter 25. The number n of delay stages de-
creases by a predetermined amount from a reference
delay value N corresponding to the key on KON and then
increases gradually to approach the original reference
delay vaiue N.

In general, in a piano or the like, pitch rises at the
time of string touch and then is gradually converged to
a predetermined value. In order to realize this phenom-
enon by using the number of delay stages, it is necessary
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to reduce the number of delay stages at the time of key
on KON and then converge the pitch to a predstermined
value gradually. Fig. 14 shows the configuration of a
memory type envelope generator 28,

Afull adder 81, a delay circuit 92 and an AND circuit
group 93 constitute a loop circuit which is the same as
in Fig. 8. Lateh circuits 98 and 97 laich key code KC in-
formation and initial touch IT information and supply
them to a table 94 for deducing an accumulation value
fromthe key code KC and a table 95 for deducing a factor
from the initial touch I T, respectively. These latch circuits
96 and 97 are enabled by receiving a starting pulse ST.
The starting pulse ST aiso serves to reset a counter 98.
The counter 98 receives "carry out" from the full adder
91. A value corresponding to KC is accumulated by the
loop to theraby generate a carry signal from the full adder
91 tothereby increass the value of the counter 8. When
the value of the counter 98 reaches its maximum, the
counting operation of the counter stops to keep the max-
imumvalue. Asthe key code KC becomes larger, a larger
value is set to the table 94 for deducing an accumulation
vaiue from the key code KC. Accordingly, the envelope
advances more rapidly as the pitch becomes higher. The
count value of the counter 98 is used as an address of
a memoery 99, so that a signal having a waveform as
shown in Fig. 14 is read from the memory 99. In a mul-
tiplier 10@, the signal read from the memory 99 is multi-
plied by a factor supplied from the table 95, so that a
pitch envelope IT' corresponding fo the initial touch IT is
generated. This pitch envelope IT' has such a character-
istic as shown in the right side of Fig. 14, in which the
pitch changes more widely as the input becomes larger.
When the pitch envelope IT' is "@", the total pitch be-
comes equal to the pitch of the key code KC.

In the following, examples of configuration of the
conversion table 26 shown in Fig. 2 are described.

Fig. 15 shows an example of the configuration of the
conversion table using the envelopse generator in Fig. 14
With respect to the amplification factor o, the pitch en-
velope IT" supplied can be used directly. With respect to
the number n of delay stages, a procedurs of subtraction
from the fundamental delay length N is required. Be-
cause it is necessary to scale the range of the change of
delay length correspeonding to the key code KC, a factor
corresponding 1o the key code Is generated by using a
table 102 for deducing a factor from the key code KC.
This facter is multiplied by the pitch envelope in a multi-
plier 163, is inverted in an amptifier 1@4, and then is add-
&d to (or subtracted from) the fundamental delay length
N. Thus, deiay length n is generated.

Fig. 16 shows an example of the configuration of a
calcuiation type envelope generator. A full adder 106, a
delay circuit 187 and an AND circuit group 108 constitute
a loop circuit. The output of a table 189 for deducing an
accumulation vaiue from the key code is applied to the
fuil adder 1@6. The key code KC is supplied to the table
109 through a latch circuit 111. Cn the other hand, the
initial touch IT is supplied to a table 113 for deducing a
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factor, through a latch circuit 112. The output ¢f the table
113 is given to a down counter 114. The starting pulse
ST is supplied to the latch circuits 111 and 112 and the
down counter 114. When the starting pulse ST is *1*, the
down counter 114 loads the value of IT. Thersafter, the
down counter 114 makes such a down counting opera-
tion whenever a carry rises from the full adder 106. A
decreasing function having linear characteristic in a
range of from a certain value to zero is acquired by; ini-
tially setting a value corresponding to the initial touch I T
to the down counter; and decreasing the value of the
down counter one by one in the timing corresponding to
the key code KC. Here, the down counter is defined as
a counter in which the counting operation thereof stops
1o keep the output of the counter zero when the value of
the counter reaches zero.

Inthe pitch anvelope in Fig. 16, an oulput decreasing
linearly is generated. In order to change this to the form
of U as shown in the waveform in the right side of Fig.
14, conversion tables as shown in Fig. 17 can be used.
The conversion tables 116 and 117 receive the output of
the counter 114 shown In Fig. 16 and generate a factor
a having U-shaped characteristic and a factor n having
reversed-L)-shapad characteristic.

In the case of Fig. 16, tables having a time axis re-
verse to that of the tables in Fig. 12 are provided because
the down counter is used. The reason why theories in
Figs. 16 and 17 are reversed with respect to the time axis
is as follows. It is considered that the output values of
these tables may become zero correspondingly to the
output of the comparator. In this case, the aforemen-
tioned tables are required for outputting standard values.
Thetable 117 for the number of delay stages is arranged
so that some curves can be selected from the key code
KC.

Fig. 18 shows an example of the configuration of the
delay circuit 23 of Fig. 2. A plurality of delay circuits 121,
122, ..., 126 are connected in series, so that the respec-
tive outputs thereof are suppliad o a selector circuit 128,
The selector circuit 128 supplies an output for a prede-
termined number of delay stages correspondingly to the
selective input. Thus, there is formed a delay circuit var-
iable in the number of delay stages.

The circuit of Fig. 2 or a circuit equivalent to the cir-
cuit of Fig. 2 can be formed by using constituent mem-
bers as described above.

Inorder to realize the non-harmonic just after the key
on, it is important that the phase of the all-pass filter 25
is changed so as to depend on the frequency. Although
the loop circuit of Fig. 2 contains the delay circuit 23, the
low-pass filter 24 and the all-pass filter 25, the low-pass
filter 24 is not always necessary.

Fig. 19 shows an example of a loop circuit constitut-
ed by a delay circuit 23 and an all-pass filter 25. The
change after the key on can be realized by such a circuit.

As described above, a musical tone closely resem-
bling that of a natural musical instrument can be control-
led by providing an all-pass fitter in a delayed fesdback
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loop and, in particular, controlling non-harmonic compo-
nents on the basis of touch information.

Itis to be understood that the invention is not limited
to the aforementioned embodiments and that changes
thereof may be made suitably within the scope cf the in-
vention as defined by the appended claims.

Although, for exampte, the aforementioned embod-
iments have shown the case where the pitch is modulat-
ed by changing the factor of the all-pass filter corre-
sponding 1o the touch, the change of frequency in a larg-
er range can be obtained by changing the delay time of
the delay circuit corresponding to the touch,

The objects of the inventicn can be attained not only
by software using CPU but by hardware.

Although the above description has been made
upon the case where a linear all-pass filter is used, the
invention can be applied 1o the case where a multi-di-
mensionai ail-pass filter is used.

Although description has been made on limited
number of embodiments, the preset invention is not lim-
ited thereto. It will be apparent for those skilled in the art
that various changes, substitutions, alterations, improve-
ments and combinations are possible within the scope
of the appended claims.

Claims
1. Atone signal synthesizer comprising:

a loop circuit (23,24,25) for circuiating & tone
signal;

means (21,22) for applying a driving waveform
1o said loop cireuit;

a delay circuit (23) connected within said loop
circuit, for giving delay time corresponding to
pitch to the circulating tone signal;

touch signal generation means (14) for gener-
ating a touch signal,

a variable all-pass filter (25) connected within
said loop circuit and being capable of changing
the phase of the tone signal corresponding to
the frequency thereof, based on said touch sig-
nal;

a factor generation means (26,27,28,29) for
generating an amplification factor o which
changes with the passage of time correspond-
ingly to a touch signal: and

means (26) for applying said amplification factor
a to said all-pass filter.

2. A tone signal synthesizer according to Claim 1, in
which said factor generation means inciudes means
for generating a pitch envelope which increases
pitch by a quantity corresponding to the touch signal
simultaneously with the starting of performance
manipulation and then decreases the pitch in the
form of an exponential function.
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10.

A tone signal synthesizer according to Claim 2, in
which said factor generation means controls the
decay of the pitch envelope correspondingly to pitch.

A tone signai synthesizer according to Claim 1, fur-
ther comprising:

said touch signal generation means forming the
touch signal on the basis of performance infor-
mation given by a performance manipulator in
correspondence with a performance; and
means for supplying said touch signal to said
factor generation means,

A tone signal synthesizer according to Claim 4, in
which: said performance manipulator has a large
number of keys, and said touch signa! forming
means includes means for detecting the speed of
key depression.

A lone signal synthesizer according to Claim 4, in
which: said performance manipulator includes a
mouthpiece applied to a mouth and for giving out
breath there through, and said touch signal forming
means includes a pressure sensor for detecting the
pressure of the breath.

A tone signal synthesizer according to Claim 4, in
which: said performance manipulator includes a
vibrating member, and said touch signal forming
means includes means for forming an envelope of
vibration generated on the vibration member and for
detecting a change of the envalops,

A tone signal synthesizer according to Claim 1, in
which said all-pass filter includes: a delay element
for delaying an input signal; a first amplifier for ampli-
fying the input signal with said amplification factor ¢;
a first adder for adding the amplified input signal to
the output of said delay element in reversed phase;
a second amplifier for amplifying the output of said
first adder with the amplification factor ¢;; and a sec-
ond adder for adding the oulput of said second
amplifier to the input signal in phase at the input side
of said delay element, the delay time of said delay
element and the amplification factor o of the first and
second amplifiers being controlled on the basis of
an externally applied controf signal.

A tone signal synthesizer according to Claim 8, fur-
ther including means for receiving a signal repre-
senting pitch and a signal representing touch and for
supplying to said all-pass filter a signal for controlling
the amplification factor o and the delay time.

A tone signal synthesizer for an electronic musical
instrument comprising:
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a loop means (23,24,25) for circulating a tone
signal;

aapplying means (22) for applying a driving sig-
nal to the loop means;

a delay means (23) connected within the loop
means, for delaying the circulating tone signal
for a delay time corresponding to a tone pilch of
a tons signal to be generated,

an all-pass filter means (25) connected within
the loop means, for changing the phase of the
circulating tone signat corresponding to the fre-
quency thereof according to an all-pass filter
characteristic;

a touch signal generation means (14) for gen-
erating a touch signal representing a degree of
a perlormance;

a control means (26,27,28,29) for controlling the
all-pass filter characteristic in response to the
touch signal.

A tone signal synthesizer for an electronic musical
instrument according te claim 10, wherein the
all-pass filter means changes the phase of the cir-
culating tone signal during a lapse of time in
response to the touch signal.

A tone signal synthesizer for an electronic musical
instrument according to claim 10, whersin the touch
signal generation means having a performance
manipulation means for providing a performance
and a touch signal forming means for forming a
touch signal on the basis of a degree of the perform-
ance.

Patentanspriiche

1.

Tonsignalsynthesizer, der folgendes aufweist:

aine Schleifenschaltung (23, 24, 25) zur Zirku-
lation eines Tonsignals;

Mittel (21, 22) zum Einspeisen einer Treiberwel-
lenform in die Schleifenschaltung;

eine in die Schleifenschaltung geschaltste Ver-
zégerungsschaitung (23) zur Festlegung einer
der Tonhdhe des zirkulierenden Tonsignals ent-
sprechenden Verzégerungszeit;
Anspielsiarkesignalerzeugungsmittel (14) zur
Erzeugung eines Anspielstirkesignals;

ain in die Schleifenschaitung geschaltetes
variables Allpafifiter (25), das geeignet ist, die
Phase des Tonsignals entsprechend dessen
Frequenz auf der Grundlage des Anspislstarke-
signals zu &ndem;

Faktorerzeugungsmittel (28, 27, 28, 29) zur
Erzeugung eines Verstarkungsfaktors o, der
sich im Laufe der Zeit entsprechend einem
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den Verstarkungsfaktor dem AllpaGfilter zuzu-
fohren.

Tonsignalsynthesizer nach Anspruch 1, bai dem die
Faktorerzeugungsmittel Mittel zur Erzeugung einer
Tonhéhenhdllkurve autweisen, durch die die Ton-
héhe um einen dem Anspielstarkesignal entspre-
chenden Wert gleichzeitig mit Beginn der Spielbeta-
tigung gesteigert und dann nach einer exponentiel-
len Funktion verringert wird.

Tonsignalsynthesizer nach Anspruch 2, bei dem die
Faktorerzeugungsmittel das Abfallen der Tonhohen-
hallkurve entsprechend der Tonhdhe steuern.

Tonsignalsynthesizer nach Anspruch 1, bei dem die
Anspialstarkesignalerzeugungsmitiel das Anspiel-
starkesignal auf der Grundlage von Spielinformation
bilden, die durch eine Spieleinrichtung entspre-
chend einem Spiel geliefert wird, und bei dem ferner
Mittel vorgesshen sind, um das Anspielstérkesignal
den Faktorerzeugungsmitteln zuzulsiten.

Tonsignalsynthesizer nach Anspruch 4, bei dem dis
Spieleinrichtung eine groBe Zahl von Tasten auf-
weist, und die Anspislstarkesignalbildungsmittel
Mittel zur Feststellung der Geschwindigkeil des
Tastenanschlags aufweisen.

Tonsignalsynthesizer nach Anspruch 4, bei dem die
Spieleinrichtung ein Mundstiick aufwesist, durch das
mit dem Mund Luft geblasen wird und die Anspiel-
starkesignalbildungsmittel einen Drucksensor zum
Feststellen des Blasdrucks autweisen.

Tonsignaisynthesizer nach Anspruch 4, bei dem die
Spisleinrichtung ein Vibrationsteil aufweist, und die
Anspieistarkesignalbildungsmittel Mittel aufweisen,
um eine Hillkurve fir die am Vibrationsteil erzeugte
Vibration zu bilkden und eine Anderung der Hillkurve
festzustellen.

Tonsignalsynthesizer nach Anspruch 1, bei dem das
AllpaBfilter tolgendes aufweist: ein Verzégerungs-
element zur Verzdgerung eines Eingangssignals;
einen ersten Verstarker zum Verstdrken des Ein-
gangssignal mit dem Verstarkungsfaktor o, einen
ersten Addierer zum Addieren des verstarkien Ein-
gangssignals zu dem Ausgangssignal des Verzége-
rungselements in Gegenphase; einen zweiten Ver-
starker zur Verstdrkung des Ausgangssignals des
ersten Addierers mit dem Verstarkungstaktor o, und
einen zweiten Addierer, um das Ausgangssignals
des zweiten Verstarkers zu dem Eingangssignal in
Phase an der Eingangsseite des Verzégerungsele-
ments zu addieren, wobei die Verzégerungszeit des
Verzdgerungselements und der Verstérkungsfaktor
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o.des arsten und zweiten Verstarkers auf der Grund-
lage eines von auBen angelegten Steuersignals
gesteuert werden.

Tonsignalsynthesizer nach Anspruch 8, der famer
Mittel aufweist, um ein Signal, das die Tonhdhe
représentiert, und ein Signal, das die Anspielstarke
reprasentiert, zu empfangen und dem Allpaf3filter
ein Signal zur Steuerung des Verstarkungsfaktors o
und der Verzdgerungszeit zuzuleiten.

Tonsignalsynthesizer fiir ein slektronisches Musik-
instrument, der folgendes aufweist:

Schleifenmitte! (23, 24, 25) fur die Zirkulation
eines Tonsignals;

Einspeisemittsl (22) zum Einspeisen eines Trei-
bersignals in die Schleifenmittel;

in die Schleifenmittel geschaltele Verzoge-
rungsmittel (23), um das zirkulierende Tonsi-
gnal um eine Verzdgerungszeit zu verzégern,
die der Tonhdhe eines zu erzeugenden Tonsi-
gnals entspricht;

in die Schleifenmittel geschaltete Allpaffilter-
mittel (25) zur Anderung der Phase des zirku-
lierenden Tonsignals entsprechend seiner Fre-
quenz geman einer Allpaifiltercharakteristik;
Anspielstarkesignalerzeugungsmittel (14) zur
Erzeugung eines Anspielstarkesignals, das den
Grad einer Spielbetatigung reprasentiert;
Steuermitte! (26, 27, 28, 29) zur Steusrung der
AllpaBfitercharakteristik im Ansprechen auf
das Anspielstarkesignal.

Tonsignalsynthesizer fiir ein alektronisches Musik-
instrument nach Anspruch 10, bei dem die
AllpagBfiltermittel die Phase des zirkulierendan Ton-
signals im Laufe der Zeit im Ansprechen auf das
Anspielstarkesignal &ndern.

Tonsignalsynthesizer fir ein elektronisches Musik-
instrument nach Anspruch 10, bei dem die Anspiel-
stérkesignalerzeugungsmittel Spielbetdtigungsmit-
tel zum Durchfilhren eines Spiels sowie Anspielstar-
kesignalbildungsmittel zur Bildung eines Anspiel-
stérkesignals auf der Grundlage der Starke des
Spiels aufweist.

Revendicatlons

1.

Synthétiseur de signal scnore comprenant

un circuit en boucle (23, 24, 25) pour la circula-
tion d'un signal sonore ;

des dispositifs (21, 22) pour appliguer un signal
de commande audit circuit en boucle ;

un cireuit de retard (23) raccordé dans ledit cir-
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cuit en boucle destiné & donner un temps de
retard correspondant pour accorder ledit signal
sonore circulant ;

un dispositif de génération de signal tactile (14)
pour générer un signal tactile ;

un filtre passe-bande variable {25) raccordé
dans ledit circuit en boucle et étant capable de
modifier la phase du signal sonore correspon-
dant & la fréquence de celui-ci en fonction dudit
signal tactile ;

des dispositifs de génération de facteur (26, 27,
28, 29) pour générer un facteur d'amplification
o qui varie avec le passage du temps corres-
pondant & un signal tactile ; et

un dispositif (26) pour appliquer ledit facteur
d'amplification a audit fittre passe-bande.

2. Synthétiseur de signal sonore conforme 4 la reven-

dication 1, dans lequel ledit dispositif de génération
du tacteur comprend un dispositif pour générer une
enveloppe d'accord qui augmente l'accord d'une
grandeur correspondant au signal tactile simultané-
ment avec le début de la manipulation de contréle
et réduit ensuite f'accord sous la forme d'une fonc-
tion exponentielle.

Synthétiseur de signal sonore conforme 4 ia reven-
dication 2, dans lequel fedit dispositif de génération
de facteur commande la décroissance de l'enve-
loppe d'accord de manidre correspondante &
l'accord.

Synthétiseur de signal sonore conforme 2 la reven-
dication 1, comprenant en plus :

ledit dispositif de génération de signal tactile for-
mant le signal tactile sur la base des informa-
tions de contrdle délivrées par un manipulatsur
de contrdle en correspondance avec un
contrble ; et

un dispositif pour tournir ledit signal tactile audit
dispositif de génération de factaur.

Synthétiseur de signal sonore conforme 4 la reven-
dication 4, dans lequel :

ledit manipulateur de contrdle est muni d'un
grand nombre de touches et ledit dispositif de for-
mation du signal tactile comporte un disposiif pour
détecter la vitesse d'enfoncement des touches.

Synthétiseur de signal sonore conforme & la reven-
dication 4, dans lequel

ledit manipulateur de contrdle comporte un
ambout buccal appliqué sur une bouche et destiné
a laisser sortir le souffle au travers de |ui, et ledit dis-
positif de formation du signal tactile comporte un
capteur de pression pour détecter la pression du
souffle.
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Synthétiseur de signal sonore conforme 2 la reven-
dication 4, dans lequel :

ledit manipulateur de contréle comporte un
élément vibrant, et ledit dispositif de formation de
signal tactile comporte un dispositif pour former une
enveloppe de vibrations générée sur I'élément
vibrant et pour détacter une moedification de l'enve-
loppe.

Synthétiseur de signal sonore conforme 4 la reven-
dication 1, dans lequel ledit filtre passe-bande
comporte : un élément de retard pour retarder un
signal d'entrée; un premier amplificateur pour
amplifier le signal d'entrée avec ledit facteur d'ampli-
fication o ; un premier additionneur pour additionner
{e signal d'entrée amplifié & la sortie dudit élément
de retard en inversion de phase; un deuxidbme
amplificateur pour amplifier la sortie dudit premier
additionneur avec le facteur d'amplification « ; et un
deuxidme additionneur pour additionner la sortie
dudit deuxiéme amplificateur au signal d'entrée en
phase du cbté de l'entrée dudit élément de retard,
le temps de retard dudit élément de retard et ie fac-
teur d'amplification o du premier et du deuxidme
amplificateurs étant commandés sur la base d'un
signal de commande appliqué depuis l'extérieur.

Synthétiseur de signal sonore conforme 2 la reven-
dication 8, comportant en plus un dispositif pour
recevoir un accord représentant un signal et une
impulsion représertant un signal et pour amener
audit fittre passe-bande un signal destiné & com-
mander le facteur d'amplification o et le temps de
retard.

Synthétiseur de signal sonore pour un instrument de
musiguse électronique comprenant :

un dispositif en boucle (23, 24, 25) pour la cir-
culation d'un signal sonore ;

un dispositif d'application (22) destiné & appli-
quer un signal de commande au dispositif en
boucle;

un dispositif de retard (23) raccordé au sein du
dispositif en boucle pour retarder le signal
sonore circulant d'un temps de retard corres-
pondant & un accord sonore d'un signal sonore
devant étre généré ;

un dispositif filtre passe-bande (25) raccordé au
sein du dispositif en boucle pour modifier la
phase du signal sonore circulant correspondant
a la fréquence de celui-ci conformément aux
caractéristiques d'un filtre passe-bande ;

un dispositif de génération de signal tactile (14)
pour générer un signal tactile représentant un
niveau de contrdie ;

un dispositif de commande (26, 27, 28, 29) pour
commander les caractéristiques du filtre
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passe-bande en réaction au signal tactile.

Synthétiseur de signal sonore pour un instrument de
musique &lectronique conforme & la revendication
10, dans lequel le dispositif filire passe-bande modi-
fie la phase du signal sonore circulant pendant un
intervalle de temps en réaction au signal tactile.

Synthétiseur de signal sonore pour un instrument de
musique électronique conforme & la revendication
10, dans lequel le dispositif de génération de signal
tactile comporte un dispositif de manipuiation de
contrdle pour fourmir un contrble et un dispositif de
formation de signal tactile pour former un signal tac-
tile basé sur un niveau de contrédle.
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