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TONE SIGNAIL SYNTHESIZER

BACKGROUND ‘OF THE INVENTION
a) Field of the Invention

The present invention relates to a tone signal synthesizer
using a delayed feedback type tone signal synthesizing algorithm

for synthesizing a tone signal by waveform processing through

‘inputting a driving waveform signal into a c¢losed 1o0p

containing a delay means and a filter means and circulating the

driving waveform signal in the closcd loop. In particular, it

‘relates to a tone signal synthesizer adapted for an electronic

musical instrument capable of providing tone control to simulatc

musical tones of natural musical instruments.

b) Description of thc Prior Art g

In a waveform read typc tone signal synthesizer, lone
signals different in pitch are synthesized by rcading a
fundamental wavcform (for example. a sinusoidal wavcform) at:
differenl reading spéed. Becausc the number of polints samﬁied
Trom the fundamental waveform decreascs as the frequency
increases, the characteristics of the synthesized tonc signals
dctc;ioratc. Further., it is difficult to change the signal
waveform with Lhe_passage of time.

Japanese PPatent Postlexam. Publication No. Sho-58-58679 has
proposed a technique for synthesizing a tone signal by inputting

a driving waveform signal into a closed loop formed by a serial
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connection of a filter and a delay circuit and repeatcdly
circulating the driving waveform signal in the closed loop.
According to this_techniqﬁe, thg amplitude, high-frequency
content, high-frequency phase, étc. of the signal can be changed
widely with the passage of time, so that musical tones more
perfcctly approaching the imusical tones of natural musical
instruments can be generated compared with the waveform read
typc tone signal synthesizer.

1n recent electronic musical instruments, a technique for
changing various characteristics by touch has been popularized.
For example, the attack—decay—sustaiB—relcase waveform of a
musical tone in a natural musical jnstrumcnt can be simulated by
controlling a sound volume envelope corrgspondingly to the
touch. Further; the vibration of pitch caused by the touch can
be simulated.

In natural musical instruments such as a piano, not only a
sound volume changes in accordance with touch but the pitch and
harmoni; structure of a musical tone change jusl after key
depression and then return to the designated pitch and the
standard harmonic structure with the passage of Lime. With
respect to the harmonic structure, the musical tone just after
key depression containé many non-harmonic pitch components as
well as harmonics having pitches expressed by integers or simplc
fractional numbers with respect to the pitch of a fundamental
tone. The non-harmonic pitch components decrease with the

passage of time, so that a pure harmonic structure remains.
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SUMMARY OF THE INVENTION

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

Another object of the present invention is to provide a
tone signal synthesizer by which various characteristics can be
changed in accordance with touch to simulate the vibratién of
pitch and the generation of non-harmonic components caused by
touch in a naturallmusical-inerument..

According to an aspect of the present invention;'ghere is.
prdvided a tone signal synthesizer comprises a loop circuit for
circulating a tone signal, means for applying a driving waveform
to the loop circuit. a delay circuit connccted within the loop
circuit, for giving delay time corresponding to pitch to the
circulating tone signal, and a variable all-pass filter.
connected within the loop circuit and becing capable of changing

the phase of the tone signal corresponding to the frequency

thereof.
- This Sheet Has Been Replaced

Fig. 1 is a block diagram showing the outline of an

DESCRIPTLON OF THIL DRAWINGS

electronic musical instrument according to an embodiment of the
present invention;

Fig. 2 is a block diagram showing an example of the
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configuration of the tone generator circuit depicted in Fig. 1;
| Fig. 3 is a block diagram showing an examplc of the
configuration of the all-pass filter depicted in Fig. 2:

Fig. 4 is a blopk diagram showing an example of the
configuration 6f a conventional tone generator circuilt:

Fig. 5 is a block diagram showing an example of the
configuration of a touch detection circuit in a keyboard
instrument;

Fig. 6 is a schematic view showing an example of the
structure of first and sccond contacts in the keyboard;

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

Fig. 7B is an enlarged partial perspective view showing the
struclure of the end portion of the wind instrument type
electronic musical instrument;

Fig. 7C is a block diagram showing .a touch detection
circuit adapted for the wind instrument type electronic musical
instrument:

Fig. 7D is a grabh for explaining fhe detection of an
initial touch signal; |

Fig. 8A is a block diagram showing an initial touch
detection circuit in a percussion instrument type electronic
musical instrument; -

Filg. 8B is a graph for cxplaining the detection of injitial
touch:

Fig. 89 1s a block diagram showing an example of the
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configuration of the address generator;

Fig. 10A is a diagram for explaining the function of the
all-pass filter depicted in Fi;. 33

Fig. 10B is a djagram showing a.circuiL equivalent to the
circuit of Fig. 10A;

Fig. 11 1s a graph_showlng the relationship between the
sampling period and the change of oT;

Fig. 12 is a graph showing the change of the amplification
factor given to the all-pass Tilter, with Lhe passage of time;

Fig. 13 is‘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 diagram showing the configufation of a
memory type envelope generator; | |

Fig. 15 is a diagram showing an example ol the
configuration of thc conversion table using the cnvelope-
generator; |

Fig. 16 is a block diagram showing an example of the
configuration of a calculation type enveclope gcnératdr:

Fig. 17 is diagram showing conversion tables;

Fig. 18 is a block diagram showing an example of the
configuration of the declay circuit; énd

Fig. 19 1s a block diagram showing an example of a loop

circuit constituted by a delay circuit and an all-pass f{ilter..
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DESCRIPTION OF THE PREFERRED EMBODIMENTS .

To facilitate understanding of the present invention,
first, a delayed fcedback type tone signal synthesizer will be
described. |

Fig. 4 shows a tone generator c¢ircuil (tone signal
synthesizer) like that disélosed in the above Japanese Patent
Postexam. Publication No. Sho-58-58679. 1In the drawing, an
address generator 21 generates 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 signal on the basis of the address signal and
supplies the driving waveform signal into a closcd loop
constituted by a delay circujt 23 and a filter 24. The driving
waveform signal circulates in the closed loop. The delay
circuit 23 dectermines the time required for one circulation,
that is, the pitch of a tone signal to be gecnerated. 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 described
hereunder with rcference to the drawings.

Fig. 1 is a block diagram showing the outline of an
electronic keyboard instrument according to an embodiment of the
prcsent invention.

In the electronic keyboard instrument, the opcrafion

thereof is generally controlled by a central processing unit
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(CPU) 10. A read-only memory (ROM) 11, a fandom access memory
(RAM) 12, a kéyboard circuit 13, a touch information detection
circuit 14, an operation panel 16 and a tone generator circuit
17 are connected to the CPU 10'through a two-directional bus
line BUS. A sound system 18 is connected to the tone generator
circuit 17. A speaker 19 is connected 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 registef
necessary fTor genefating various kinds of musical tones.

The keyboard circuit 13 has a keyboard capable of touch
detegtion. The keyboard circuit 13 detgcts the operation of a
key on the Kkeyboard and gcnerates a key code representing the
opcrated key, a key-on signal (KON) representing the state of
key depression and a kcy-off signal (KOFF)representing the state
of key releasc.

The touch information deteétion circuil 14 detects the key
depression speed or key relcase speed of the key operated on the
keyboard and generates initial touch information IT representing
the Key depression speed and releasc touch information RT
representing the key felease speed.

The operation panel 16 is provided for switching tone color

- and for setting other parameters neccssary for the electronic

musical instrumcnt.

The tone generator circuit 17 synthesizes a musical tone

L
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signal on the basis of parameters given from the CPU 16@.

The sound system 18 converts digital data outputted from
ithe tone generator circuit 17 into analogue data for actuating
the speaker 19, and, if necessary. amplifies the analogue data.

Fig. 2 shows the configuration or_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 circuil shown in Fig. 4 in that a
driving waveform is read from a driving waveform memory 22 on
the basis of an address signal generated by an address signal 21
and is supplicd to a loop circuit. In the loop circuit, an all-
pass [ilter 25 1is connected in series to a filter 24. A filter
factor generation circuit for giving a filter factor is
connected to the all-pass filier 25.

The delay circuit 23, the low-pass filter 24 and the all-
pass filter 25 constitute a feedback loop. The total delay
amount of the delayed feedback loop corresponds to the pitch of
the musical tone to be outputted. A conversion table 26, a
comparator 27 and a pitch envelopc generator 28 constitute a
filter fgctor generation circuit.

The all-pass filter 25 is a filter having such a flat
amplitude characteristic in which only the phasc_depends on the
frequency in a predetermined use band. When a signal having a
certain frequency circulates in the loop, the phase difference
between the original signal and the output sighal depends on the

delay characteristic of the loop. that is, depends on the

—
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frequency characteristic of the all-pass filter.

The operation of the circuit in Fig. 2 will be described
hereunder. The address generator 21 receives information such
as a memory read starting signai ST, a memory read starting point

and a read data size DS from the CPU 10 shown in Fig. 1 and
generates address information for reading thc waveform signal
from the driving waveform memory 22 on the basis of the
information.

The driving waveform memory 22 outputs a driving waveform
addressed by the address information and supplies the driving
waveform 1nto the loop circuit including the delay circuit 23,
the filter 24 and the all-pass filter 25.

The delay circuit 23 is a circuit for delaying an inpul by
a predetermined time. The delay circuit 23 may be constituted
by a shift register, an RAM, or thc 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. Tn the case wherc the delay circult 23 is
constituted by a shift register. DL represents the number of
stages in the shifti fegister.

The filter 24 is a filter having the same decay as thatl of
the filter 24 used in the tonc generator in Fig. 4. To give
strong decay for high pitch, the filter 24 generally constituted
by a low-pass filter may be used in combination with a band-pass
filter, or the like. for attaining a specific tone color. Thal

is, the filter 24 is used for attaining both the frequency
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characteristic and the decay characteristic of the output tone.
The cut—off'frequency, the decay rate; or the like, as the
filter parameter FPS, are given to the filter 24 by the CPU 10.
Alternatively., in the case whefe an ordinary digital filter
difficult to process as analogue data, such as FIR or IIR. 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 filter 25 is
similar to the delay circuit in that it gives delay timec, but
the filter 25 ié different from the delay circuit in that it
can give frequency dcpendency to the delay time.

A filter factor generation circuit constituted by a
conversion table 28, a comparator 27 and a pitch cnvelope
generator 28 is provided for setting both a filter factor a for
controlling frequency dependency and a filter factor n for
designating delay time indepéndent of the [requency.

To determine the filter factor «, the initial touch
information IT supplied from the CPU 1@ is compared with
threshold information TO in the comparator 27. In the casc of a
piano, an output "1" is generated only when initial touch is not
weaker than a prcdetermined threshold, in accordance with the
fact that a change of pitch occurs whcn key touch is not weaker
than a certain valuc. The thrcshold information T0 may be given

by a performer through the operation panel 18 or may be presct
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in the ROM 11 corresponding to 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 pahel
186 so.that an output signal "04 is always generated because IT
i1s always smaller than TO in the case where the Lhreshold
information 10 is to be sct on the operation panel 186.
Alternatively. in the case wherc the threshold infermation TO
is preset in thc ROM 11, a switch may be provided separately so
that thc'comparator can be disabled when the change of pitch is
"to be avoided. |

The pitch envelope'generator 28 outputs a pitch cnvelope
curve corresponding to the initial touch IT and the kecy 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 instrument, the pitch envelope curve is provided
which depends on the initial touch IT. DBccause the pitch
envglope must be changed rapidly in high piteh region in which
decay is generally rapid, the pitch envclope curve is provided
which depends on the key code KC, that is. key scaling is made.

A multiplier 29 fo;lowing the pitch cnvelope generator 28
multiplies the output of tﬁe pitch envelope generator 28 by tLhe
output ("0" or “1") of the comparator 27 so that a signal for
giving the change of pitch to the filier 25 can be supplied to
the conversion table when the 'initial touch IT is not wcaker
than the threshold TO. That is. when thc output of the

comparator 27 1is "0", the output of the multiplicr 29 becomes

T —




"@" regardless of the output of the pitéh envelope generator.zs
so that there occurs no change of pitch. When the output of the
comparator 27 is "1", the output of the pitch envelope
gencrator 28 is d1rect1y used as the output of thc multiplicr 29
to be given to the conversion table 26.

The conversion table 26 is a table for converting the pitch
cnvelope outputted from the pitch envelope gemerator 28 into the
filter factor a« of the all-pass filter 25 correspondingly to
the real change of pitch. ‘The conversion table 28 serves also
as a table for converting the Key code KC into the number n of
delay stages as the other filter faétor. The width of the pitch
change is 1imited by the parameter n. The factors a« and n
given by the table 26 are fed to the filter 25.

Fig. 3 shows an example of Lhe configuration of a gencral
first order all-pass filtcer. Adders 34 and 35 are connected
respectively to the input side and the output side of a delay
circuit 33. The output is fed back io the input-side adder 34
in phase through an émplifierlSZ having an amplification factor
«. The input is fed forward to the éutput—siﬁc adder 35 in
opposite phasc through an amplificr having the amplification
Tactor a.  The frequency characteristic of the phase change can
be changed variously.by éhanging the amplification factor a of
the amplifiers 31 and 32. When, for example, the amplification
factor a is zero, the all-pass filter is simply a delay circuit
to give declay time equal for all {requencies. TIn general, in

the all-pass filter having this structure, the phasc difference
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depending on the fréquency is widened as the amplification
factor a approaches 1.

The number n of delay stages corresponding to the key code
KC as the number of stages in ﬁhe delay circuit (for example, a
shift register) 33 an& the factor a variable with the passage
of time and outputted from the pitch envelopc generator 28 (Fig.
2) corresponding to ilhe key code KC and the initial touch 1T as
the amplification factor a of the amplifiers 31 and 32 are
supplied from the conversion table 26 of Fig. 2 to the all-pass
filter of Fig. 3. As a result, a musical tone in which pitch
changes corresponding to the factors a and n 1s synthesized in
the tone generator circuit 17 of Fig. 2.

As described above, in an electronic musical instrument as
shown in Fig. 1, having a tone generator circult as shown in
Fig. 2, using an all-pass filter as shown in Fig. 3, a musical
tone can be changcd finely correspopding to the touch in the
performance manipulatjon. 1In the following, jimportant parls
thereof are dcscribed more in detail in conjunction with
modifications thereof.

Means for detecting a touch signal is described now. Fig.
5 shows an cxample of a touch detection cireuit in a keyboard
instrument. A Kkeyboard 4@ has a large number of keys. A first
contact and a sccond contact are provided in each of the keys.
A group 41 of first contacts and a group 42 of §céond contacts
are connected to a keyboard CPU 43. A countcr 48 continuously

counts a clock signal CL and supplies the count value to the CPU
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43.

When the CPU 43 detects touch at the first contact of a
certain key, the value of the runniﬁg counter at the time of
detection is stored. When the CPU 43 then detects touch at the
second contact of the key, the value of the rﬁnning counter &t
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 1s, the timc required from the touch at the first contact
to the touch at the second contact, 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 detection of the touch at thc second contact. As the touch
becomes stronger, the number of counts dqpreaSes. On the
contrary, as the iouch becomes weaker, the number'of counts
increases. The number of counts cxpressing the strength of the
touch is converted into touch information by the CPU 43. The
touch information is stored in a predctermined arca of a dual
port memory 46. These procedures arc carricd out according to a
program stored in & program storage 44. The dual port memory 46
is also connected to the bus BUS. Data are exchanged between
the CPU 1¢ of the musical instrument and the CPU 43 of the
keyboard 40 through the memory.

Fig. 6 schematically shows an examplc of structure of the
first and second contacts in the keyboard. FEach key 51 is
supported by a fulcrum 52 so as to be rotatable. When the key

51 is pressed down, a hammer 53 supported by a fulcrum 54 so as
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to be rotatable is pressed down. Two projections 55 and 58 are
provided in the lower surfacc of the hammer 53. At least those
projections 55 and 56 are formed of elastic substance. Wheﬂ
urged down., the hammer 53 touchés the first contact 57 to make
it and then touches the second contact 58 to make 1t. Such
touches at the first and second contacts 57 and 58 are detected
by the CPU shown in Fig. 5.

Fig. 7A shows the external appearance of a wind instrument
type electronic musical instrument. A large number of keys 62
for designating piltches are provided in a main portion of a wind
instrument body 60. A mouthpiece 81 is connected to one end of
the body 6@. A desired tone signal is generated by holding the
mouthpiece in the mouth, giviﬁg breath into the mouthpiece 81
and manipulating the keys 62. |

Fig. 7B schematically shows a structure of Lhe end portion
of the wind instrument type clecctronic musical instrument 8@ in
the case where the mouthpiece 81 is detached. A pressure sensor
63 detects the pressure of breath of the performer. A
cantilever 64 is forﬁcd-so Lthal Lhe lever moves fofth and back
corresponding to the degree of closing of the performer's mouth
to thereby give aﬁ output corresponding to the position of the
lever. That is, the cantilever 64 detects the embouchure of the
performer. . The cantilever 64 being in contact with a lcad of
the wind instrumcent type manipulator detects the motion of the
lead. The lead in the electronic musical instrument does not

vibrate though the lead in a natural wind instrument vibrates.
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In short, the lead moves. substantially merely corrcsponding to
the state of the performer's mouth.

Fig. 7C shows a touch detegtion circuit adapted for the
wiﬁd instrument typc electronic.musical instrument. The
pressure sensor 83 and the cantilever 64 supply analogue signals
corresponding'to the pressure of breath and tﬁe 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 supbly the digital signals to a
CPU 87. A timer 68 counts a clock signal CL and supplies Lhc
count value to the CPU 67. The CPU 67 detects the change of the
pressufe and the change'of'the embouchurc in a period of a
predetermined count value and forms a touch signal to be stored
in a memory 69. ‘The memory 69 is connected to the bus of the
electronic musical instrument body Lo make data exchange betwccen
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 Lhe breath pressure signal detected by the
pressure sensor 83. Fig. 7D is a graph for explaining the
detection of an initial touch signal IT.

The graph shows'the case where the breath prcssure rises
gradually with the passage of timc and then decreases slowly
after reaching its maximum. The change of thc brealh pressure
in a prcdetermined time Tw after exceeding a threshold level BR®

is detected. The passage of lime Tw is detected by counting the-

~16-
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count value supplied from the timer 68. The breath pressure IT
after the passage 6f time Tw is detécted as initial touch. The
detection of such initial touch_is made by interrupt processing
at the time of detegtion of thc.breath pressure. |

Figs. 8A and 8B show the detectjon of touch in thg case of
a percussion instrument.

Fig. 8A shows an initial touch detection circuit in a
percussion instrument type elcctronic musical instrument. A
vibration sensor 71 provided in a performance portion of the
percussion instrument type electronic musical instrument detects
vibration and supplics a detection signal to an analog-to-
digital converter 72. Thc analog-to-digital converter 72
converts the signal inlto a digital signal and subplies the
digital signal to a CPU 73. A timer 74 counts a élock signal
and supplies a timc signal to the CPU 73. The CP.U 73 detecls
initial touch and makes an RAM 75 store initial touch
information.

Fig. 8B is a graph for explaining the detection of initial
touch. In the case of percussion instrument, the signal thus
deteccted is a kind of alterpating-current signal as shown in
[Fig. 8B. Becausc the detection signal is a kind of altcrnating-
current signal. an envelope signal as éhown by a brokecn line in
Fig. 8B can be acquired by once subjecting the detection signal
to a low-pass filter. A initial touch signal is detected by

using the envelope signal in the same manner as described above

with reference to Fig. 7D.
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Although description is made upon the case of a percussion
instrument, the aforementioned dctection method can be also
applied to a string inslrument type electronic musical
instrument in which vibration of:a string is detected.

As described above, initial touch signals can be
respectively detected from performance porLjons of electronic
musical instruments having various performance styles. It is
obvious to those skilled in the art that key code KC
rcpresenting pitch and other tone forming parameters can be
detected correspondingly to the form of the musical instrument.

In the following, main constituent members of thc tonc
gencrator circuit shown in Fig. 2 are described. Fig. 9 shows
an cxample of the configuration of the address generator 21. A
full adder 81, a delay circuif 82 and an AND circuit group 83
are connecled in series to constitute a loop circujit. 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 conpnected to a
lateh circuit 85. The output of the loop circuit is fed out as
an address signal through an adder 88. The output of a }atch.
circuit 86 is applied to the adder 88. The lalch circujits 85
and 86 latch the data sizc DS and the sltarting pointer SP,
respeclively.

When a starting pulse SP is given, the data in the loop
circult is rcset by the AND circuit group 83. Thereafter, if

the value in the loop is smaller than DS, the signal is
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increased by "1" in the full adder 81. Whén the valuc in the
loop reaches DS, the output of the comparator 84 becomes zcro so
that the increment operation of the loop stops. The value in
the loop is added to the staréing pointer SP representing an
addrcss starting point by the adder 88 to théreby generate 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 delay circuit
arc rcpresented by X, Y, k and 21, rgspectively.

When thc respective values are represcnted as described

above, the output Y can be expressed by the following equation.

Y = kYZ-' + XZ ' - kX
Y(1 - KZ°') = X(Z27' - K)
Y/X = (Z-' - k)/(1 - kZ2-1)

Fig. 10B shows a circuit cquivalent to the circuit of Fig.
19A and cxpressed by another circuit form.
The delay characteristic of a transfer function
H(Z) = (Z-' - k)/(1 - KZ-!)
is expressed by Lhe equation:
T(wX) = T(1 - k2)/(1 - 2kcoseT + k2)
in which ¢ represents the angular velocity. and T(wX) represents
the delay time for the angular velocity oX. |
Fig. 11 is a graph in which the ratio of the delay timc Lo
the sampling period T is plotted wiih respect to the change of

ol. This relationship is the relationship between the phase
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angle and the frequency. When this relationship 1s rearranged
to the relationshib between the frequenéy and the delay amount.
a curve as shown by a broken line is acquired.

It is obvious from Fig. 11.that the phase angle changes
widely correspondingly to the frequency when the amplification
. factor a{k in the aforementioned equation) of the amplifiers 31
and 32 in the circuit of Fig. 3 is changed.

Fig.'lz is a graph showiﬁg an example of the change with
the passage of time, of the amplification factor a given fo the
all-pasé filter 25. 'The amplification factor « rises to a
value near to 1 in response Lo the key 6n KON corresponding to
key depressidn on Lhe keyboard {or thg lTike) and then dccrecases
in he form of an cxponential function. When « 1s near 1. many
non-harmonic components are generaled as is obvious from Fig.
11. The amplification faclor « must be smaller than 1, because
the all—p:.iss filter becomes divergent for a dircct currcnt when
a ls 1.

Fig. 13 is a graph showing the change with the passage of
time, of the number n of delay stages given to the all-pass
filter 25. The number n of dclay stages decrcases by a
predetermined amounf from a reference delay value N
corresponding to- the key on KON and then increases gradually to
approach the original rcferencé delay value N.

In general, in a piano or the like, pitch rises at the time
of string touch and then is g-.radually converged to a

predetermined value. 1In order to realize this phenomenon by

This Sheet Has Been Reﬂlaced )

o (A



using the number of delay stages, it is necessary to reduce the
number of delay stages at the time of key on KON and then
converge the pitch Lo a predelermined value gradually.

fﬁg. 14 shows the configuration-of a memory type envelope
generator 28.

A full adder 91. a delay circuit 82 and an AND circuit
group 93 constitute a loop circuit which is the same as in Fig.
9. Latch circuils 96 and 87 latch key code KC information and
initial touch IT information and supply.them to a table 94 for
deducing an accumulation value from the key code KC and a table
95 for deducing a factor from the initjial touch IT.
respectively. These latch circuits 98 and 97 are enabled by
receiving a starting pulse ST. The starting pulse ST also
serves to reset a counter 98. The counter 88 receives “carry
out™ from the full adder 91. A value corresponding to KC is
accumulated by the loop to thereby generate a carry signal from
the full adder 91 to thereby increasc the valuc of the counter
98. When thc value of the counter 98 reaches its maximum, the
counting operation of the counter stops to keep the maximum
value. As the key code KC becomes larger, a larger value is sct
to the table 94 for deducing an accumulatién value from the key
code KC. Accordingly, the envelope advances more rapidly as the
pitch becomes higher. The count valuc of the counter 98 is used
as an address of a mcmory 99, so that a signal having a
wavelform as shown in Fig. 14 1s read from the memory 99. In &

multiplier 1990, thc signal read from the memory 99 is multiplied
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by a factor supplied from thec table 95, so that a pitch envelope
IT® corresponding to the initial touch IT is generated. This
pitch envelope IT' has such a characteristic 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 "o",
the Lotal pitch becomes equal to the pitch of the key code KC.

In the following, examples of configuration of the
conversion table 28 shown in Fig. 2 are described.

Fig. 15 showé an exampie ol the configuration of the
conversion table using the envelope generator in Fig. 14. With
rcspect to the amplification factor a, the pitch envelope 1T’
supplied can be used directly. With respect to the number n of
delay stages, a procedurc of subtraction from the fundamental
delay length N is required. Bceccause it is necessary to scale
the range of the change of delay length corrcsponding to the key
code KC, a factor corresponding to the key code is generated by
using a table 102 for deducing a factor from the key code KC.
This factor is multiplied by the pitch chvclope in a multipli;r
.193, is in?erted in an amplifier 124, and then is added to (or
subtractéd from) the fundamental delay iength N. Thus, dclay
length n is gene_rated.

_Fig. 18 shows an example of the configuration of a
calculation type envelope generator. A full adder 106, a delay
circuit 107 and an AND circﬁit group 198 constjitute a loop
circuit. The output of a table 1¢9 for deducing an accumulation

value from the key code is applied to the full adder 106. The
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key code KC is suppliéd to the table 1¢9 through a latch circuit
111. On the other hand, the initial touch IT is supplied to a
table 113 for deducing a factor, through a latch circuit 112.
The output of the table 113 is éiven 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 "17,
the down counter 114 loads the value of IT. Thércaftcr. the
@own counter 114 makes such a down counting operation whenever a
carry rises from the full adder 1@6. A decfeasiné function
having linear characteristic in a range of from a certain wvalue
to zero is acquired by: initially setting a value corresponding
To the initial touch 1T to the down counter; and.decreasing the
value of thec down counter onc by one in the timing corresponding
to the key code KC. . Here, the down counter is defincd as a
counter in which the counting operation thereof stoﬁs to Keep
the output of the counter zero when thc¢ value of the counter
reaches zero.

In ;he pitch envelope in Fig. 16, an output dccreasing
linearly is gencrated. 1In order to change this Lo the form of U
as shown in the waveform in the right side of ¥ig. 14.
conversion tables as shown in Fig. 17 can be used. The
conversion tables 116 and 117 rcceive 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-U-shaped
characteristic.

Io the case of Fig. 16, tables having a time axis reverse

=
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to that-or the tables in Fig. 12 are provided because the down
counter is used. The rcecason why theories in Figs. 16 and 17 are
reversed with respect to the time axis is as follows. It is
considcecred that the output valu;s of these tables may become
zero correspondingly to the output of the comparator. 1In this
casc. the aforementioned tables are required for outputting
standard values. The table 117 for the number of delay stages
is arrahged so that some curves can be selected from the key
code KC.

Fig. 18 shows an examplc of the configuration of the delay
circuit 23 of Fig. 2. A plurality of delay circuits 121, 122.
..., 128 are connected in scries, so that the respeciive outputs
thereof are supplied to a selector circuit 128. The selector
circuit 128 supplies an output [or a predetermined number of
delay stages corresbonding]y to the seleclive input. Thus,
there iIs formed a delay circuit variable iﬁ the number of delay
stages.

The circuit of Fig. 2 or a circuit cquivalent to the
circuit of Fig. 2 can be formed by using constituent members as
described above.

In order 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 depcnd on the frcquency. Although the loop
circuit of Kig. 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. - This Sheet Has Been Repl.
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Fig. 19 shows an example of a loop circuit constituted 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 closcly resembling that
of a natural musical instrument can be controlled by providing
an all-pass filter in a delayed fcecedback 1oop'and. in
particular, controlling non-harmonic components on the basis of
touch information.

Tt is to be understood that the invention is not limited to
the aforementioned embodiments and that chénges thereof may be
made suitably.

Although, for cxample., the aforementioned embodimcnté have
shown the case where the pitch is moduiated by chanélng the
factor of the all-pass filter corresponding to the touch, the
change of frcquency in a larger range can be obtainced by
changing the delay time of thc delay circuit corresponding to
the touch.

The objects of the invention 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
applicd to the case where a mulii-dimensional all-pass [ilter is
used.

Although description has been made on limited number of
embodiments, the preset invention is not limited thereto. Lt

will be apparcnt for those skilled in tLhe art that various
—_—
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changes, substitutions, alterations. improvements and
combinations are possible within the spirit of the appcared

claims.
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What is claimed is:

1. A tone signal synthesizer:comprising:

a loop circuit for circﬁlating a tone signal:

means for applying a driving wavcform_to said loop circuit;

a delay circuit comnected within said loop circuit, for
giving delay time correspondiné to pitch to the circulating tone
signal; and

a variable'all—pass filter connected within said Loop
circuit and being caﬁable of changiﬁg the phase of the tone

signal corresponding to the frequency thereof.

2. A tone signal synthesizer according to Clsim 1, further
comprising:

a factor gencration means for generating an amplification
factor a which ghanges with the passage of time correspondingly
to a touch signal; and

means for applying said amplification factor a to said

all-pass filter.

3. A tonc signal synthesizer according Lo Claim 2, in which
said factor generation means includes means for generating a
pitch envelope which increases pitch by a quantity corresponding
Lo the touch signal simultaneously with the starting of

performance manipulation and then decrcases the pitch in the
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form of an exponential function.

4. A tone signal synthesizer according to Claim 3, in which
said factor generation means controls the decay of the pitch

envelope correspondingly to pitch.

5. A tone signal synthesizer according to Claim 2, furtherl
comprising:

a performance manipulator for giving a performance;

a touch signal forming mcans for forming a touch signal on
the basis of performance information given by sald performance
manipulator: and

means for supplying said touch signal to said factor

generation mecans.

6. A tonc signal synthesizer accofding to Claim 5, in which:
said performance manipulator has a large number of Keys, and
sald toueh signal forming mcans includes means for detecting the

speed of key depression.

7. -A tone signal synthesizer according to Claim 5, in which:
said performance manjpulator includes a mouthpiece appliecd to a
mouth and for giving out breath there through. and said touch

signal forming means includes a pressure sensor [or detecting

the pressure of the breath.
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8. A tone signal synthesizer according to Claim 5, in which:
said performance manipulator includes 'a vibrating member, and
said touch signal forming means includes means for forming an
envelope of vibration generateé on'the vibration member and for

detecting a change of the envelope.

9. 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 amplifying the input signal
with an 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 thce output of
said first ddder with the amplification factor «; and a second
adder [or adding thc output of said second amplifier to the
input signal in phase at thce input side of said delay clcment,
the delay time of said delay clement and the amplification
factor a of the first and second amplificrs belng controlled

on the basis of an externally applied control signal.

1@. A lone signal synthesizer according to Claim 9, further
including means for receiving a signal representing pitch and a
signal representing touch and for supplying to said all-pass

filter a signal for controlling the amplification factor a and

the delay time.
This Sheet Has Been Reilaced

(i




