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TCNE Si G4AL SYNTHESI ZER BACKGROUND OF THE I NVENTION a) Fiel dgghitdhe
Invegxlon The present invention relates to a tone signal syntheS|zer
usi®g a del ayed feedback type tone signal synthesizing algorithm for
synthesi zing a tone sikgnal by waveform processing through
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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 eiectﬁpnic
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 speed. Becausc the number of points sampled

Tfrom the fundamental waveform decreascs as the frequency
increases, the characteristics of the synthesized tonc signals
deteriorate. Further, it is difficult to change the signal

§ waveform with the passage of time.

sor mamans,

; 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 formcd by a serial
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inputting a driving waveformsignal into a closed |oop containing a delay
heans and a filter nmeans and circulating the driving waveformsignal in
t he® ¢Iosed |l oop. In particular, it relates to a tone signal synthesizer
adapted for an electronic nusical instrunment capable of providing tone

cont tol -

to simulate nusical tones of natural nusical instrunents. b)

Descihi pt i oonnécthenPpifop Ailter and|a dehavetbranitaandypereateddvgnal
synthe5|zer tone signals different in pitch are synthesized b{ readi ng a
O
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circulating the driving waveform signal in the closed op.
According to this_technlque, 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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fundanent al waveform (for exanple, a sinusoidal waveforn) at different
T'eading speed. Because the nunber of points sanpled fromthe fundanental
wavet orm decreases as the frequency increases, the characteristics of the
syntbesized tone signals deteriorate. Further, it is difficult to change
the signal- waveformw th the passage of tine. Japanese Pat ent

Post exam Publication No. Sho-58-58679 has proposed a techni que for
syntﬁe5|2|ng a tone signal by inputting a driving waveformsignal into a

cl Osed | OohwRkYCHr ¥uf $RVERTION

An object of the present inventioﬁ 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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2 connectlon of a filter and a delay circuit and repeatedly circulating
f he driving waveformsignal in the closed loop. According to this
techqlque t he anplitude, high-frequency content, high-frequency phase,
etc. iof the signal can be changed w dely with the passage of time, so that
'nu5|qal tones nore perfectly approaching the nusical tones of natural

nusi cal |qunﬁlsnrﬂtlgmn0ﬁetgenbwmeeﬂbmzwmmmthmw¢mith@em@ﬁb¢@rnnr5&§ 1;

Fig. 3 is a block diagram showing an examplc of the

[T PRI TRRONY

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 circuit:

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 instrument 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;

g

Fig. 7D is a grabh for explajining the detection of an

initial touch signal;

Fig. 8A is a block diagram showing an initial touch

N ARS I8, Aeuttiens

detection circuit in a percussion instrument type electronic
3 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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type-tome signal synthesizer. In recent electronic nusica

i nstgunments, a technique for changing various characteristics by touch has
beengpopul ari zed. For exanple, the attack-decay-sustain-rel ease wavef orm
of a§ nmusical tone in a natural nusical instrunent can be sinulated by
contgolling a sound vol une envel ope correspondingly to the touch. Further,

the yi bratdd@i¥ it idh stk adiesd Qialeatbr pe si nul at ed. I'n
nat ugal musical instrunents such as a piano, not only a sound vol une

changes in accargancep td 4 camnt&ﬂ fd1e SigIhi iy Wy P & IS Wt Ri of a

musi €éal tone change just after
H all-pass filter deplcted in Fig. 3;

Fig. 10B is a djagram showing a circuil equivalent to the

D L L L ey

circuit of Fig. 10A;

Fig. 11 1s a graph showing 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

e e Pv—t——— s b o s e

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; |
i 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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ssion and then return to the designated pitch and the standard

nic structure wth the passage of tine. Wth respect to the harnonic
ture, the nusical tone just after key depression contains many
arnnnic pitch conponents as well as harnonics having pitches

ssed I nt egers or nB fracti onal nunbers with respect to the

h of %E GREBREANAQOF ?HH REFERRER- EMBADAMEN®St ch conponents decr ease

withi the passage of time, so that a pure harnonic structure renains.
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 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 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

Thi; Sheet Hés Been Replaced
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SUMVARY OF THE | NVENTI ON An.obj ect of the present invention is
ovide a tone signal synthesizer using a del ayed feedback type tone
esi zing al gorithm by which a nusical tone can be controlled in
dance with touch. Anot her object of the present invention is to

de a
(CPU) 10. A read-only memory (ROM) 11, a random access memory

(RAM) 12, a kefboard 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
represcenting the key release speed.

The operation panel 16 is provided for switching tone color

- and for setting other parameters necessary for the electronic
musical .'L_nsl,ruman.

The tone generator circuit 17 synthesizes a musical tone

L
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t onegsi.gnal synt hesi zer by which various characteristics can be changed in
accogdance with touch to sinmulate the vibration of pitch.and the
genefat i on of non-harnoni ¢ conponents caused by touch in a natural nusical
I nstgument . According to an aspect of the present invention, there is
providded a tone signal synthesizer conprises a loop circuit for

circgl ati ng ghd0Nsh St Bas{BaGE pHFaiPBe s NEi Vel rdmha\SHDIB . to the
| oopfcircuit, a delay circuit connected within the loop circuit, for

gi'vitg del ay ti7He COBNESPEYEiaE 19 RbdFdri® diBi tL£ rdddAtduepd Oten stesm!

and g variable all-pass filter connected within the loop circuit and being

capalfl e of yhaid%enerator 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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thase of the tone signal corresponding to the frequency thereof.

PTI ON OF THE DRAW NGS Fig. 1 is a block diagram show ng the
e of an electronic mnusical instrunent according to an enbodi nent of
resent invention; Fig. 2 is a block diagramshow ng an exanpl e

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

This Sheet Has Been Replaced
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4. 'cqnffguration of the tone generator c{fcuit depicted in Fid. 1;
'Fig.§3 is a block diagram showi ng an exanple of the configuration of the
al I'-pass filter depicted in Fig. 2; Fig. 4 is a block diagram show ng
an ekanple of the configuration of & conventional tone generator circuit;
Fig.35 is a block diagram showi ng an exanple of the configurati.on of a
touch detebarsnteristic andatheydesnd chaseciiseistic 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 wvaluc. The threshold information T0 may be given

by a performer through the operation panel 18 or may be presct
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iIs a schematic view show ng an exanple of the " structure of first

cond contacts in the keyboard; Fig. 7Ais a schematic view
showifng t he external appearance of a wind instrunent type el ectronic

I nstrument; Fig. 7B is an enlarged partial perspective view

showijng the structure of the end portion of the wind instrunent type
el ecty oni dtmiBie ROV nkt reemresponding Q. thes tane ¢k di¥RFHA s &g af

t ouc
musi ¢

Al

detection <circuit adapted for the wind instrunment type el ectronic

ioistchuyreatised by touch is to be avoided, thc threshold
information TO may be set at the maximum on the operation pahel
16 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 1], a switch may be provided separately so

that thc comparator can be disabled when the change of pitech 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
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Fig. .fD is a graph for explaining the detection of an initial touch

sighag; Fig. 8Ais a block diagram showing an initial touch
detecfion circuit in a percussion instrunent type electronic nusical

i nstrpment ; Fig. 8B is a graph for explaining the detection of
~initi gl touch; Fig. 9 is a block diagramshow ng an exanple of the

"@" regardless of the output of the pitéh 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
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 Lhé 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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bnfiguration of the address generator; Fig. 10Ais a diagramfor
ning the function of the all-pass filter depicted in Fig. 3;

§0OB is a diagramshowing a circuit equivalent to the circuit of Fig.

Fig. 11 is a graph showi ng the relationship between the

ng period and the change of [err]T,; Fig. 12 is_a graph show ng
Fangedgpendéngnpnithgafrgguency 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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.given tojthe all-pass filter, mﬁth-lhe.passage of tine; ng.

a graph showi ng the change of the nunber n of delay stages given to

| -pass filter, with the passage of tineg; Fig. 14 is a block

m showi ng the configuration of a nenory type envel ope generator;

5 is a diagram showi ng an exanple of the configuration of the

si om3.abl e using the envel ope generator; ~ Fig. 16 is a block

m showi ng an exanple of the configuration of a calculation type

pe gener Aten 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 dccreases. 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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17 is diagram show ng conversion tabl es; Fig. 18 is a block

am showi ng an exanple of the configuration of the delay circuit; and
19 is a block diagram showi ng an exanple of a loop <circuit

ituted by a delay circuit and an all-pass filter.

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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af. t present invention, first, a delayed feedback type tone signal
synthesi zer will be described. Fig. 4 shows a tone generator circuit
(tone} signal synthesizer) |ike that disclosed in the above Japanese Pat ent
Post ekam Publication No. Sho-58-58679. In the drawi ng, an address

generpt or gl I 2lEive AeddHhSPSs S PR aPOLLI 1Y HLrQL P cdrFEsisHeI g | €5
conmehd, or the Iike, given froman CPU (not shown), or the like. A

drivi hg waMg] adp ey ﬁ?egi%hef@}lﬁ-éres wod et Ng wavef orm signal on the
basi s] of the address signal.

Fig. 7C shows a touch detection circuit adapted for the

DESC%P‘J’I ON OF THE PREFERRED EMBODI MENTS To facilitate understanding
h
h

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-
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suppf%es the driving wavef orm si gnal into a closed oop constituted by a

del a

circuit 23 and a filter 24. The driving waveform signal circul ates

in tlge cl osed | oop. The delay circuit 23 determines the tine required for

one
| ow-
rate
up at
i nver

irculation, that is, the pitch of a tone signal to be generated. The
pass filter 24 gives such a-decay characteristic in which the decay

becogBank! ¢h1ae pliilcan f@%ﬁp%ﬁ% hiiger 68c tohe byed?dl prrsHe-editaked
a desired point in the closed |oop. : Enbodi nent s OF t he present
tionapekl RBIBAGR] 6N 1RNES 1W UR1eR1RWCRSe1hetihe FoRMNNIS 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 detection of touch in the case of
a percussion instrument.

Fig. 8A shows an initial touch detection circuit in a
percussion instrument type elecctronic 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 éignal 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 CPU 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.

i
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Fig. 1is a block di agram showi ng the outline of an electronic keyboard
I'nsfrunent according to an enbodi nent of the  present invention. I n
t hefel ectroni c keyboard instrunent, the operation thereof is generally
contfrol l ed by a central processing unit :

7 (CPU) 10. Aread-only nenory (ROM 11, a random access nenory

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

“ﬁﬁiiﬁ‘li‘i‘i:ﬁnmﬂiu e




(RAN) 12, a keybohrd circuit 13, a touch information detection circuit 14,
an. operatlon panel 16 and a tone generator circuit 17 are connected to the
CPU-10} t hrough a two-directional bus |ine BUS. A sound system 18 is
connecfed to the tone generator «circuit 17. A speaker 19 is connected to

t he sojhnd system 18. In Fig. 1, prograns for controlling the CPU 10

and dafa necessary.for neratin i nds_of pnusical tones are
stored|in thec F@ﬁfé? By ¥ eTﬁ@ ?Eii 5@5 8.4 VBRBorBRyVELHFad® dhe

regi stpr necessarg I gner tin var|o¥s i nds of nusical tones.
loop reaches e output ol 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 represented by X, Y, k and #-1, rgspectively.

When thc respective values are represcnted as described

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

= kYZ-' + XZ ' - kX
Y(1 - kZ°') = X(Z2°' - K)
Y/X = (Z-' - k)/(1 - kZ2-1)

Fig. 10B shows a circuit cquivalent to the circuit of Fig.
10A and cxpressed by another circuit férm.
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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The keyboard cir¢dit 13 has a keyboard capabl e of touch detection. The
keybodqrd circuit 13 detects the operation of a key on the keyboard and
generdtes a key code representing the operated key, a key-on signal (KON
repregenting the state of key depression and a key-off signal

( KOFF)
det ect
of thd
i nforn
i nforn

representing the state of key rel ease. The touch information

o S o 8 el P SR By R eRE
B St SRR i N KB SR S Lt b A5 e
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. 12 is a graph showing an example of the change with

i the passage of time, of the ampiification factor a given to 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 cxponcntial function. When « is 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
fitlter 25. The number n of declay stages decrecases 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
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pperation panel 16 is provided for switching tone color and for
ng ot her paraneters necessary for the electronic nusical instrunent.

f one generator circuit 17 synthesizes a nusical tone
signal on the basis of paraneters given fromthe CPU 10.

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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The $ound system 18 converts digital data outputted from the tone
genejator circuit 17 into anal ogue data for actuating the speaker 19, and,
i f npcessary, anplifies the anal ogue dat a. Fig. 2 shows the
confjguration of the tone generator «circuit 17 depicted in Fig. 1. The
tonefgenerator circuit 17 changes the filter factor in accordance with
touch. TH cdrtag¢torosuppyicd fromhtheatebbe 9%he 80 rthat ghpihichnepvglonein
thatja driving waveformis read froma driving waveformmemory 22 on the
basi $ of Bh ackdreesrsngang genthat buibyahntedcheEE &% gpemepdtednd This
supplied to a.loop circuit. In the loop circuit, an all- pass filter 25 is
conngct edbitcheeneslopealTi | has @dchlafchseacteristic 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 shows an exampie of the configuration of the
conversion table using the envelope generator in Fig. 14. With
rcspect to the amplification factor a, the pitch envelope 1T’
suppl ied can bec used directly. With respect to the number n of
delay stages, a procedurc of subtraction from the fundamental
delay length N is required. Bccause 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 multiplier
103, is invertied in an amplifier 104, and then is added to (or
subtracted from) the fundamental delay length N. Thus, declay
length n is generated.

_Fig. 18 shows an example of the configuration of a
calculation type envelope generator. A Tull adder 108, a delay
circuit 107 and an AND circuit group 108 constitute a loop

circuit. The output of a table 199 for deducing an accumulation

value from the key code is applied to the full adder 106. The

. This Sheet Has Been RT
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factef .generation circuit for giving a filter factor is connected to the
all -ppss filter 25. The delay circuit 23, the |owpass filter 24 and
the ajl - pass filter 25 constitute a feedback | oop. The total delay
anoun{ of the del ayed feedback ] oop corresponds to the pitch of the

musi cpl  t gagy tQod¥ mtpytéxgéblfe&%wem Ofti B! Fod SshPouSPTPAL A OK 1 réhfca
pi tchyenvel ope generat or onstitute a filter factor generation circuit.

The a}l-pagsg fi 'dﬁvﬁé oEhér TRARET ORVING; S wdf @oﬁéﬁtnafmﬁwﬁed to a
charagteristic in i ch only the phase depends on

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 ritch envelope in Fig. 16, an output dccreasing
linearly is gcncrated. 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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pacy in a predetermned use band. Wen a signal having a certain
>ncy circulates in the | oop, the phase difference between the

hal signal and the out put signal depends on the delay characteristic
b | oop, that is, depends on the

pquensy st acf ethéttebDésthe Bl k- ppSsarfe Ipesvided beddesepehat downof

rcuit in Fig. 2 will be described
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. ThlsSheetHasBeenReﬂ
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nder. The address generator 21 receives information such as a nenory
starting signal ST, a nenory read starting point and a read data size
omthe CPU 10 shown in Fig. 1 and generates address information for
ng the waveformsignal fromthe driving waveform menory 22 on the

s of the _infornm

! tion. The dri,vi f 22 t.put
g waverBiAr  AHaPEO¥EGB, SKABPIAGPESS PAPE: RAFFBh aRANSUAERCEY PRo®

drivfng waveforminto the |l oop circuit inc¢luding_the delax circuit 23,

t he

fi114¢129 GhACUAE 2P 2pdsanfplispags 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 fcedback 1oop'and. in
particular, controlling non-harmonic components on the basis of
touch information.

1t 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 filter 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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The deLay circuit 23 is acircuit for delaying an-input by a predeterm ned

tine.

The delay circuit 23 may be constituted by a shift register, an RAM

or thellike. DL represents the nunber of delay stages in the delay circuit
23 generated in a conversion circuit 30 on the basis of the key code KC

representi phaligdd), dubdtereesehdheitrdr Y Gigrdldmeitd Sangonsti tut ed

by a

shift register, DL represents the nunber of stages in the shift

register. combinmadétﬁe%éssl@lé'htﬁmhamé@ﬁﬂqtsme dfcappSatbgt of

the f

ifter 24 used in the tone generator in Fig. 4. To give strong decay

for high pidighmd he filter 24 generally constituted
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by'a1IJMFpass firter may be used in conbination with a bands«pass filter,

or the
s use
10 C
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g a specific tone color. That is, the filter 2
AT ™

haract ery stm c san
frequency, the decay rate, or the like, as the

t he decay characteristic of the output tone. The

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 quanﬁity corresponding
Lo the touch signal simultaneously with the starting of

performance manipulation and then decrcases the pitch in the

[
i
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fjlte given to the filter 24 by the CPU 10.
Al t er pat mﬂmilﬂimmﬂgumge where an ordinary digital filter difficult to
proceps as analkogue , such as FIRor IIR is wused, a set of filter
factofs are given as the filter parameter FPS. The all-pass filter
25 is sub ant i differen ilter 24 in that the filter 25 has
no defa r?(fnb Qa}le e?’é&on?lf% jc’i &A%ﬁngﬁ on the frequency. The all-pass
filte 25 is simlar to the delay circuit in that it gives delay tine, but

the filter 25 is different fromthe delay circuit in that it can give

frequ=ncy49epquqa§ etéﬁéﬁgic§§ﬁ%hcsf§%r accordlng 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 accoi‘ding to Claim 5, in which:
sald performance manipulator has a large number of Keys, and
said touch signal forming mcans includes means for detecting the

speed of key depression.

7. -4 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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A f|| er f circuit constituted by a conversion table 26, a
‘corrpa atorlmfmillﬂimgumumlenvel ope generator 28 is provided for setting

| t«er cf act o controlling frequency dependency and a filter
facto n for designating delay tinme independent of the frequency. To
det er 'ne he fjl f a ERLLEabcEQHEM Nl REOETRE OB | TnsWRRldKed
from U 1OA|E8é8n%g%ﬁ§l sgh@ﬁeh?géh Fg ?nngﬁatlonmgépig'thg v

conpay atoragzg hOrEBEnERRS BhndpuibBBe. 1ABIGHLEUL V1belB1ANGLANSY Ol

when ijn not han predeterm ned t
accorqances&&&htEU%h signal forming means includes means for forming an

envelope of vibration generated 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 Rei
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facf  hat a change of pitch occurs when key touch is not weaker than a

cert:

n value. The threshold information TO may be given by a perforner

t hrough the operation panel 16 or may be preset’

11
pitch

in the ROM 11 corresponding to the tone color. Wen a change of
caused by touch is to be avoided, the threshold

ABSTRACT OF THE DISCLOSURE

A 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 comnected 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 being capable of éhanging
the phase of the tone signal corresponding to the frequecncy
thereof, so that muéical tone can be céntrolled iﬁ accordance
with touch, and various characteristics can be changéd in
'accordanéc with touch to simulate the vibration of pitch and the
generation of non-harmonic components causecd by touch in a

natural musical instrument.
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fmation TO may be set at the nmaxi numon the operation panel 16 s hat
it put signal "0" is always generated:because IT is always snalle han
n the case where the threshold infofrmaiion TOis to be set ‘on the
htion panel 16. Alternatively, in the case whére the threshol d

mation TO is preset in the IﬁOZI?# a switch may be provided

ately so that the conparator 4 be di sabl ed when the change of pitch
o0 be avoi ded. The pitch envel ope generator 28 outputs a pitch
ope curve corresponding to the initial touch IT and the key code KC
bet with the phenomenon that the change of pitch becones

—
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| arper_as the touch becones stronger in the performance of a natural

"nusy cal instrunent, the pitch envel ope curve is provided which depends on
thejinitial touch IT. Because the pitch- envel opé nust ‘be -changed: rapidly
in nigh pitch region in which decay is generally rapid, the pitch envel ope

curje is provided which depends on the key code KC, that is, key scaling
S de. Amltiplier 29 folloaa'ﬁdl’n he pitch envel ope generator 28
mulfiplies the output of the pitch envel ope generator 28 by the output
("Of or "1") of the conparator 27 so that a signal for giving the change
of pitch to the filter 25 can be supplied to
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shold TO. That i s,
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'-corgversi on table when the initial touch IT is not weaker than the
when t he out put of t he corrparator 27 is 0 t he

ut of the multiplier 29 becones
"0" regardl ess of the output of the pItCh envel ope generat or 28 so0
t here occurs no change of pltc§ /V'\V‘gn t he out put of the
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dire¢tly used as the output of the multiplier 29 to be given to the
convérsion table 26. The conversion table 26 is -.a tdble for
convérting the pitch envel ope outputted fromthe pItCh envel ope generator
28 into the filter factor a of the all-pass filter 25 correspondingly to
the teal change of pitch. The conver s#of ¥3bl e 26 serves also as a table
for fonvertlng the key code KC into the nunber n of delay stages as the -
othet filter factor. The width of the pitch change is limted by the
parafreter n. The factors a and n given by the table 26 are fed to the
filter 25.

o FIG. 5

) b
Qonpgrator 27 is "1", the output of the pitch envel ope generator 28 is
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@ as the nunber of stages in the delay circuit (for exanple, a shift
_alster) 33 and the factor a varlable with the passage cof time and
?_putted fromthe pitch envel ope generator 28 (Flg 2) corresponding to
B key code KC and the initial touch IT as the anplification factor a of
@ anplifiers-31 and 32 are supp%ifigromthe conversion table 26 of Fig.
%0 the all-pass filter of Fig a result, a nusical tone in which
# ch changes corresponding to the factors a and n is synthesi zed in t he
&ne generator circuit 17 of Fig. 2. As descri bed above, in an
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shown. i.n Fig. 1, having a tone generator circuit as showmm in Fig. 2, using
an ald - pass fllter as shown in Fig. 3, a nusical tone can be changed
finely corresponding to the touch in the per f or mance mani pultation.” In the
fol | owi ng, inportant parts thereof are described nore in detail in
conjunctian_ with nodifications therﬁg. Means for detecting a touch
signal is descri bm\‘ﬁrgr 5 sho aé]“g(arrpl e of a touch detection

circuit in ThislSBebRa Bde, trunent. A keyboard 40 has a | arge nunber of
keys. A fi r “d second contact are provided in each of the
keys. A gr I””,

contacts and a group 42 of second contacts

FIG. Il
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L ion is stored When t he CPU 43 then det ects touch at the second
1 '.t of the key, the value of the running counter at the tinme of
(&% 'i on is stored. The nunber of counts.fromthe teuch.at-the- fifst
Eapt to the touch at the second contact, that is, the tinme required

the touch at the first contact tq the touch at the second contact, is
ed by subtracting the value of 1Che t&unter at the time of detectlon
of t.hg touch - at the first contact fromthe value of the counter at the
time §of detection of the touch at the second contact. As the touch
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kY, as the touch beconmes weaker, the nunber of counts increases. The
Bf counts expressing the strength of the touch is converted into
Enf or mation by the CPU 43. The touch'infornation:is.stored:in a

& mi ned area of a dual port nenory 46. These procedures are carried
grding to a programstored in a program storage 44. The dual port
16 is also connected to the but 1BUSt3Data are exchanged bet ween

¥ 10 of the nusical instrunment and the CPU 43 of the keyboard 40

t he menory. Fig. 6 schematically shows an exanple of structure
first and second contacts in tFélcgbeESd. Each key 51 is
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supported by a fulcrum52 so as to be rotatable. Wen the key 51 is
pr.essed down, a hanmmer 53 supported by a fulcrum54 so as
15 to be rotatable is pressed down. Two projections 55 and 56- are provided
i n the_lower surface—oef—the hammer 53. At | east those projections 55 and
56 are forned of elastic substance. When urged down, the hammer 53 touches
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ﬁ.\d t hen touches t he second contact 58 to make it. Such touches at the
t and second contacts 57 and 58 are detected by the CPU shown in Fig.

Ltronic nusical instrument. A |arge nunber of keys 62 for designating
hes are provided in a main portL? vvi nd instrument body 60. A

>i¥ hpi ece 61 is connected to one ehd oOf the body 60. A desired tone

Eghal is generated by holding the nouthpiece in the nouth, giving breath

ntp the nouthpiece 61 and manipul ating the keys 62.

FIG. 19
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Fig. 7A shows the external appearance of a wind instrunent type .»
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‘Fig. 7B schematical ly shomsg;

ticture of the end,pgrtlon of t heRogrft®
sical - i'nst runeht 60 A"t he case where the
~nmout hpi ece 61 is detached pressure sens@é 63 def®ctis the pressure of
‘breath of the performer. A "cantil ever. ‘forred-3o /that the | ever noves
forth and back correspondlﬁg to the degred of ¢losihg of the perforner's
mouth to thereby give an:output corresponding to the p05|t|on of the

i nstrument type el ectronic |

| ever. That is, the cantil ever_ 64 detects i hur e e
performer. The cantil ever 64 b'\g@% $:F’Ié t%glf’Tws?ﬁQéﬁl'e’ad af RE?WEMENE SHEET.
I nstrument type mani pul ator detects the notion of the lead. | The lead in
the electronic nusical instrunent does not 06 NOV 1996

BACKGROUND OF THE INVENTION

a) Field of thé 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 processiné through
inbutting a driving waveform signal into a closed loop
containing a delay means and a filter means and circulating the
driving waveform signal in the closed loop. In particular, it
relates to a tone signal synthesizer adapted for an electronic
musical instrument capable of providing tone contrql 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 of points sampled

- from the fundamental waveform decreases as the frequency

increases, the characteristics of the synthesized tone signals
deteriorate. Further, it is difficult to change the signal
waveform with the passage of time.

Japanese Patent ﬁ@sfgxam Publicatlon No. Sho-58-58679 has

proposed a technique for synthés121ng a tone 51gnal by inputting

a driving waveform signal into a closed loop formed by a serial



Vi brate though the lead in a natural w nd instrunent ) i
16 'In short, the |lead noves substantially nerely corrggg NH@T %‘r
state of the perforner's nouth. Fig. 7C shows a {tguch detection!

circuit adapted for the w nd instrunent type el ectronj c| ngg RaV 1996
I nstrument. The
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connection of a filter and a delay circuit ahd repeatedly
circulating the driving waveform signal in the closed loop.
According to this technique, the amplitude, high-frequency
content, high-frequency phase, etc. of the signal can be changed
widely with the passage of time, so that musical tones more
perfectly approaching the musical tones of natural musical
instruments can be generated compared with the waveform read
type tone signal synthesizer.

In recent electronic musical instruments, a technique for
changing various characteristics by touch has been popularized.
For example, the attack-decay-sustain-release waveform of a
musical tone in a natural musical instrument can be simulated by
controlling a sound volume envelope correspondingly 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
harmonic structure of a musical tone change just after key
depression and then return 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 contains many'non—harmonic pitch components as
well as harmonics having pitches expressed by iﬁtegers or simple
fractional numbers with respgcflfo-tﬁeﬁﬁiﬂghgpf a fundamental
tone. The non-harmonic pitch comﬁonenég éécrease with the

passage of time, so that a pure harmonic structure remains.
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pressure sensor 63 and the cantilever 64 supply anal ogt

gHe—stohe T
corresponding to the pressure of breath and the enbou:HﬂﬂéAg JENT SHEET

anal og-to-digital converters 65 and 66, respectively.|T

e
anal og-to-digital converters 65 and 66 convert input anal hapaal
al signa BRI

DL o

digital signals and supply the digital signals to a ¢P

S
68

counts a clock signal CL and supplies the count val ug te—t+he—€Pd-67
CPU 67 detects the change of the pressure and the change of the enmbouc

in a period of a predeterm ned count value and forns & touch SIgna

stored in a nenory 69. The nenory 69 is connected to the bus of the

el ect r oni gyMMAREaOF | PEE' ¥RCRNTPERY t0 nake data exchange between

to

An object of the present invention is to provide a tone

signal synthesizer using a delayed feedback type tone

i nto

The
ure '

be

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 vibration of

pitch and the generation of non-harmonic components caused by

touch in a natural musical instrument.

According to an aspect of the present invention, there is

provided 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 connected 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 being capable of changing

the phase of the tone signal corresponding to the frequency

™~ thereof.

DESCRIPTION OF THE DRAWINGS

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

electronic musical instrument according to an embodiment of the

present invention;

Fig. 2 is a block diagram showing an example of the



the menory 69 and the CPU of the electronic nusical i
In the case of the wind instrunent, the touch signal
based on the breath pressure signal detected by the
Fig. 7D is a graph for explaining the qetection of a
| T. The graph shows the case where_ihe breath pr
gradually with the passage of tine and then decreases
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NehURBMENTOSHET
%%F —generatqd
essure sensor 163.
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sure ri ses
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reaching its maxi rum The change of the breath pressu
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oWy after

n-a predeter
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time Tw afdrefigxeeetbmooR tis eshoe dgéweedt&R0circulit depicted in Fig. 1;

Fig. 3 is a block diagram showing an example of the
configuration of the all-pass filter depicted in Fig. 2;

Fig. 4 is a block diagram showing an example of the
configuration of a conventional tone generator circuit;

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 second contacts in the keyboard;

Fig. 7A is a schematic view showing the external appearance
of a wind 1nstrument type electronic musical instrument;

Fig. 7B is an enlarged partial perspective view showing the
structure 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 graph for explaining the 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;

Fig. 8B is a graph for explaining the detection of initial
touch;

Fig. 9 is a block diagram showing an example of the



is detected. The passage of tine Twis detected by fcqunting the
count value supplied fromthe tinmer 68. The brjedt mgr,@@?u’gﬁ IT Jafter

t he passage of tine Twis detected as initial touch. |[The dete o]

initial

17

NEFLALEMEN ) SHEST

1 ¢f such
touch is made by interrupt processing at f§he trme—of—detett|on of

the breath pressure. Fi gs. 8A and38B show't hé_detection of toufh in

t he case of

configuration of the address generator;

Fig. 10A is a diagram for explaining the function of the
all-pass filter depicted in Fig. 3;

Fig. 10B 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 oT;

Fig. 12 is a graph showing the change of the amplification
factor given to the all-pass filter, with the 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 configuration of a
memory type envelope generator;

Fig. 15 is a diagram showing an example of the
configuration of the conversion table using fhe envelope
generator;

| Fig. 16 is a block diagram showing an example of the
configuration of a calculation type envelope generator;

Fig. 17 is diagram showing conversion tables;

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

Fig. 19 is a block diagram showing an example of a loop

circuit constituted by a delay circuit and an all-pass filter.



‘a percussion instrunent. Fig. 8A shows an initidl el Tde-0nN
ciPcuit In a percussion instrunegt type electronic npsﬁigﬁﬁﬁﬁ§ﬁiu ﬁe.
vi bration sensor 71 provided in a performance portionjoff the percussioh
i nstrunent type el ectronic nusical instgpunment detects{ Vi (QatNOW 1996
supplies a detection signal to an analQg-to- digital |cqnverter 72. The
anal og-to-digital converter 72 converts the signal into a dargital signg
and supplies the digital signal to a CPU 73. A tiner |74 counts a clock

signal aDpESORIFTION DR ITHE PRERERKED HMBOTAMENTS The CPU 73 detects

To facilitate understanding of the present invention,
first, a delayed feedback type tone signal 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 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 signai and
supplies the driving waveform signal 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 fone signal to 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 described
hereunder with reference to the drawings.

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

In the electronic keyboard instrument, the operation

thereof is generally controlled by a central processing unit



initial touch and makes an RAM 75 store initial touc REp@QﬁNENTdHWET

Fig. 8B is a graph for explaining the detection of i t'"' touch. tthe
case of percussion instrunent, the signal thus deted b%bﬁ g.@g
alternating-current signal as showmn in Fig. 8B. Becapus 9 t ?

signal is a kind of alternating- currept signal, an gnyelaope si-ghad as
shown by a broken line in Fig. 8B can be acquired by{once subjectlng the
detection signal to a lowpass filter. Ainitial touth-sigrat—TS delected

“S'”g(ﬁﬁﬁgeﬂﬁe'ORer%hﬁ”%hl&”m%ﬂ8r§a?§oM§”Eﬁr 35 rdeuth 38deARCHRmoy "

reference
(RAM) 12, a keyboard 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 1¢ 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 register
necessary fer generating various kinds of musical tones.

The keyboard cifcuit 13 has a keyboard capable of touch
detection. The keyboard circuit 13 detects the operation of a
key on the keyboard and generates a key code representing the
operated key, a key—en signal (KON) representing the state of
key depression and a key-off signal (KOFF)representing the state
of key release.

The touch information detection circuit 14.detects the key
depression speed or key release epeed of the key operated on the
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 sefting other parameters necessary for the electronic
musical instrument. .

The tone generator circuit 17 synthesizes a musical tone



18 Al t hough description is nmade upon the i%% AG E@ﬁrg@n
i nstrument, the aforenenti oned detecti on nethod dan idd to a

string instrunment type electronic nusical instrupent in whi%B vilbriati on of
a string is detected. As described above, ihili 86 NOYc 8i gnal s can
be 8

signal on the basis of parameters given from the CPU 10.

The sound system 18 converfs digital data outputted from
~the tone generator circuit 17 into analogue data for actuating
the speaker 19, 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 waveform memory 22 on
the basis of an address signal generated by an address signal 21
and is supplied to a loop circuit. In the loop circuit, an all-
pass filter 25 is connected 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 all-
pass filter 25 constitute a feedback 1oop; 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 envelope generator 28 constitute a
filter factor generation circuit.

The all-pass filter 25 is a filter having such a flat
amplitude characteristic in which only the phase 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 signal depends on the

delay characteristic of the loop, that is, depends on the
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I nstrunents having various performance styles. It is ofRALAUE™ E)

formi ng paraneters can be detected correspondingly t¢ theyé oy @994 h

skilled in the art that key code KC representing pit¢hland ot her tonE
f

musi cal i nstrunent. In the follomﬁhg, mai n consgli fuent nenbers t he
tone generator circuit shown in Fig. 2 are described. g9 SNOWS  an
exanpl e of the configuration of the address generator[Zl. A full adderi8i,

a delay crredhiendy 2RdraRreRPstikCulr! teoWl19Pasd 1qtRRRCted N series to

constitute a 'l oop circuli

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

and a read data size DS from the CPU 10 shown in Fig. 1 gnd
generates address information for reading the 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 into the loop circuit including the delay circuit 23,
the filter 24 and the all-pass filter 25.

Thé delay circuit 23 is a circuit for delaying an inpﬁt 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 filter having the éame decay as that of
the filter 24 used in the tone generator in Fig. 4. To give
strong decay for high pitch, the filter 24 generally consfituted
by a low-pass filter may be used in combination with a band-pass
filter, or the like, for attaining a specific tone color. That

is, the filter 24 is used for attaining both the frequency



conparator 84 conpares an'input-A with an input-B an $#ppNW$Hﬂ*"iﬂ.Uo t he
full adder 81 when the input-Ais larger than the i nput~B—¥he--Apth- A of
the conparator 84 is connected to a latch circuit 85 | The output ofi tlhe
|l oop circuit is fed out as an address sjgnal through dn B&dNOVeEY6 THe
output of a latch <circuit 86 is appllqﬂlio t he adder BB: The latch
circuits 85 and 86 |atch the data size DS and the starting pointer
respectively. When a starting pulse SP is given

circuit 'Scﬁ&f&étgyiébfcAﬁﬁyctﬁéudécg§OH?aﬁéctngéffgt8? tht ohBfutatéfe. N

the loop is small s1 gnal
The cut-off frequency, the decay rate, or the like, as the

SP,

filter parameter FPS, are given to the filter 24 by the CPU 10.
Alternatively, in the case where 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 time, but
the filter 25 1is different from the delay circuit in that it
can give frequency dependency to the delay time.

A filter factor generation circuit constituted by a
conversion table 26, a comparator 27 and a pitch envelope
generator 28 is provided for setting both a filter factor « for
controlling frequency dependency and a filter factor n for
designating delay time independent of the frequenc&.

To determine the filter factor «, the initial touch
information IT supplied frdm the CPU 10 is compared with
threshold information TO in the compafator 27. In the case of a
piano, an output "1" is generated oniy when initial tquch is not
weaker than a predetermined threshold, in accordance with the
fact that a éhange of pitch occurs when key touch is not weaker
than a certain value. The threshold information TO may be given

by a performer through the operation panel 16 or may be preset

| oop
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I ncreased by "1" in the full adder 81. Wen the vﬁEgéAqErMEtrﬂeS’-‘"ih"ﬁop
reaches DS, the output of the conparator 84 beconmes Zerfo so that th
i ncrement operation of the |oop stops. The value in |the mgonovs%qu dito
the starting pointer SP representing an address starftijng point by the
adder 88 to thereby generate an 11

——

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 ét the maximum on the operation panel
16 so that an output signal "@" is always generated because IT
is always smaller than TO in the case where the threshold
information TO is to be set on the operation panel 16.
Alternatively, in the case where the threshold information TO

is preset in the ROM 11, a switch may be provided separately so
that the comparator can be disabled when the change of pitch is
to be avoided.

The pitch envelope generator 28 outputs a pitch envelope
curve corresponding to the initial touch IT and the key code KC.
To meet with the phenomehon 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. Because the pitch
envelope must bé changed rapidly in high pitch region in which
decay 1s generally rapid, the pitch envelope curve is provided
which depends on the key code KC, that is, key scaling is made.

A multiplier 29 following the pitch envelope generator 28
multiplies the output of the pitch envelope generator 28 by fhe
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



address signal AD. Fig. 10A is a diagramfor exphaReRAGEVMRYT fEEL i bn
of the all-pass filter shown in Fig. 3. The input, th UT”'t e i
anplification factor and the delay constant of the del gy CI6§ v 1996
represented by X, Y, k and Z[err], respectively. - he respec iye
val ues are represented as descrlbed abde, the output {Y
by the foll ow ng equati on. Y = kYZ[err] + [err] - kX
Y(1 - kZ[err]) = X(Z[err] - k) YIX = (Z[err]|—=—F®)7TT - kZ err])

Fig. 10B shgus,.ge£lafsst GAUENG 68Ephe bPetfib’ 6YtEnCbnFhlope 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 286. |

The conversion table 26 is a table for converting the pitch
envelope outputted from the pitch envelope generator 28 into the
filter factor a of the all-pass filter 25 correspondingly 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
delay stages as the other filterlfactor7 The width of the pitch
change is limited by the parameter n. The factors « and n
given by the table 26 are fed to the filter 25.

Fig. 3 shows an example of the configuration of a general
first order all-pass filter. 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 to the input-side adder 34
in phase tﬁrough an amplifier 32 having an amplification factor
a; The input is fed forward to the output-side adder 35 in
opposite phase through an amplifier having the amplification
factor a. The fréquency characteristic of the phase change can
be changed variously by changing the amplification factor « of
the amplifiers 31 and 32. When, for example, the amplification
factor a is zero, the all—pasé 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 difference
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of a transfer function HZzZ) = (Zerr] - k}/ r i
expressed by the equation: T([err]X) = T(
2kcos[err]T + k2) in which [err] represents the ang
[err]([err]X) represents the delay tind.for the angul r X

Fig. 11 is a graph in which the ratio of the delay ti
period T is plotted with respect to the change of [e

rel ati ongfifedindon o1t | PRSI O BRI VEER1 48 Ee®NASCthe amplification
factor a« 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 a« variable with the passage
of time and outputted from the pitch envelope generator 28 (Fig.
2) corresponding to the key code KC and the initial touch IT as
the amplification factor a of the amplifiers 31 and 32 are
supplied from the conversion table 28 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 is synthesized in
theltone generator circuit 17'of Fig. 2.

As described above, in an electronic musical instrument as
shown in Fig. 1, having a tone generator circuit as shown in
Fig. 2, using an all-bass filter as shown in Fig. 3, a musical
tone can be changed finely corresponding to the touch in the
performance manipulation.l In the following, important parts
thereof 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 connected to a keyboard CPU 43. A couﬁter 48 continuously

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



20

angl e and the frequency. Wen this relationship i et—10"1 he
relatlogshlp bet ween tﬂe frequency and the del ay anmouit REPLACEUE B AEEEhpwn
by a broken line is acquired. It is obvious fro
phase angl e changes wi dely correspondingly to the fr Iﬂﬁ?q%%he
anplification factor [err](k in the afdfenentioned e u tlon)

anplifiers 31

|g IT that the

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 QPU 43 then detects 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 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 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 counts expressing the strength of the
touch is converted into touch information 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 exchanged between
the CPU 10 of the musical instrument and the CPU 43 of the
keyboard 40 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 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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anplification factor a given to the all-pass filter}{2%. The a [ fi
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provided in the lower 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 to make it. Such
touches at the first and second contacts 57 and 58 are detected
by the CPU shown in Fig. 5.

Fig. TA shows the external appearance of a wind instrument
type electronic musical instrument. A large number of keys 62
for designating pitches are provided in a main portion of a wind
instrument body 6@. A mouthpiece 61 is connected to one end of
thelbody 60. A desired 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 instrument 60 in
the case where the mouthpiece 61 is detached. 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 degree 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
performer. 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 electronic musical instrument does not

vibrate though the lead in a natural wind instrument vibrates.
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time, of the nunber n of delay stages given to the all - ——ti-bter- 251 The
nunber n of delay stages decreases by a predeterm ne mpunt froma |
reference delay value N corresponding to the key on B8dNONel?%ncr eases
gradually to approach the original refeéence delay vialuye N. I n
general, in a piano or the like, pitch TTses at the t{me of string todch
and then is gradually converged to a predeterm ned v der

realize this PRENOMEAAN Y 4 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 electronic musical instrument. The
pressure sensor 63 and the cantilever 64 supply analogue 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 67. The CPU 67 detects the change of the
pressure and the change of the embouchure 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 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 siénal can be
generated based on the breath pressure signal detected by the
pressure sensor 683. Fig. 7D is a graph for explaining the
detection of an initial touch signal IT.

The graph shows the case where the breath pressure rises
gradually with the passage of time and then decreases slowly
after reaching its maximum. The change of the breath pressure
in a predetermined time Tw after exceeding a threshold level BRO

is detected. The passage of time Tw is detected by counting the
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usi ng the nunber of delay stages, it is necessarrLﬁEPUAéﬂﬂE%Tﬁ%@ﬂ*
nunber of delay stages at the tinme of key on KON and

pitch to a predeterm ned value gradually. Fig. 14 shg
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count value supplied from the timer 68. The breath pressure

IT

after the passage of time Tw is detected as initial touch. The

detection of such initial touch is made by interrupt processing

at the time of detection of the breath pressure.

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

Fig. 8A shows an initial touch detection circuit in a
percussion instrument type electronic musical instrument. A

vibration sensor 71 provided in a performance portion of the

of

percussion instrument type electronic musical instrument detects

vibration and supplies a detection signal to an analog-to-
digital converter 72. The analog-to-digital converter 72

converts the signal into a digital signal and supplies the

digital signal to a CPU 73. A timer 74 counts a c¢lock signal

and supplies a time signal to the CPU 73. The CPU 73 detects

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

detected is a kind of alternating-current signal as shown in

Fig. 8B. PBecause the detection signal is a kind of alternating-

current signal, an envelope signal as shown by a broken 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.



group 93 constitute a loop circuit which is the samejagppipEgNT 9ii-Latch
circuits 96 and 97 latch key code KC information and iﬂ%%%ﬂh"rontﬁ“ﬁTi
i nformati on and supply themto a table 94 for deducilng a tiio
value fromthe key code KC and a table 95 for deduciing aBﬁgﬁﬁg?Bbgoﬁ1the
initial touch IT, respectively. These Y&tch circuits| 96 and 97 are—€éngbl ed
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t he value of the counter

instrument, the aforementioned detection method can be also

applied to a string instrument type electfonic musical
instrument in which vibration of a string is detected.

As described above, initial touch signals can be
fespectively detected from performance portions of electronic
muéical instruments having various performance styles. It is
obvious to those skilled in the art fhat key code KC
representing pitch and other tone forming parameters 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 éddress generator 21. A
full adder 81, a delay circuit 82 and an AND circuit group 83
are connected in series to constitute a loop circuit. 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 circuit 85. . The output 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. Thereafter, if

the value in the loop is smaller than DS, the signal is
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loop reaches DS, the output of the comparator 84 becomes zero so
that the increment operation of the loop stops. The value in
the loop is added to the starting pointer SP representing an
address starting point by the adder 88 to thereby 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
are represented by X, Y, k and Z~*, respectively.

When the respective values are represented as described
above, the output Y can be expressed-by the following equation.

Y = kYZ-* + XZ7! - kX

Y(1 - KZ™*) = X(Z™* - k)
Y/X = (Z7* - k)/(1 ; kzZ™*)

Fig. 10B shows a circuit equivalent to the circuit of Fig.
10A and expressed by another circuit form.

The delay characteristic of a transfer function

H(Z) = (Z27* - k)/(1 - kZ7%)
is expressed by the equation:

T(wX) = T(1 - k2)/(1 - chosmT-+ k2)
in which o 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 time to
the sampling period T is plotted with respect to the change of

wT. This relationship is the relationship between the phase
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22 by a factor supplied fromthe table 95 so that g
corresponding to the initial touch IT is generated. TH
| T has such a characteristic as shown in the right

whi ch the pitch changes nore widely as the input bec tthe
pitch envelope IT is "0", the total pP@ch becomes equal_ : f
the key code KC. In the follow ng, exanpl es of cpnfiguration of the

angle and the frequency. When this relationship is rearranged
to the relationship between the frequency 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. 12 is a graph showing an example of the change with
‘the passage of time, of the amplification factor « given to the
all-pass filter 25. The amplification factor « rises to a
value near to 1 in response fo the key on KON corresponding to
key depression on the keyboard (or the like) and then decreases
in he form of an exponerntial function. When a is near 1, many
non-harmonic components are generated as is obvious from Fig.
11. The amplification factor a must be smaller than 1, because
the all-pass filter becomes divergent for a direct current when
a is 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 delay stages decreases 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 value 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 phenomenon by



conversion table 26 shown in Fig. 2 are descri bed.

EPLACEMENT BHEENals an

exanpl e of the configuration of the conversion tabple el ope
generator in Fig. 14. Wth respect to the anplifig¢ation factor a,}the
pitch envel ope I'T' supplied can be used directly. |WtHHeNDI% ot he

nunber n

of delay stages, a procedure mﬁ subtractijorp fromthe f atment al

delay length Nis required. Because it TS necessaryl to scale the rapge of
t he change of del ay Iength correspondlng to the keyi__code KC —a—faetor

correspongj t h en rated .using a table 102 for
. ggpgg th EU%EFH g zgge &ges, 1S hecessary %0 reduce the

deducing a

tor fro
number of delay stages at the time of key on KON and then

converge the pitch to a predetermined value gradually.
Fig. 14 shows the configuration of a memory type envelope
generator 28.

A full adder 91, a delay circuit 92 and an AND circuit
group 93 constitute a loop circuit which is the same as in Fig.
9. Latch circuits 96 and 97 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 initial touch IT,
respectively. These latch circuits 96 and 97 are enabled by
receiving'a starting pulse ST. The starting pulse ST also
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 thereby generate a carry signal from
the full adder 91 to thereby increase the value Qf the counter
98. When the 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 set
to the table 94 for deducing an accumulation value 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 memory 99, so that a signal having a
waveform as shown in Fig. 14 is read from the memory 99. 1In a

multiplier 100, the signal read from the memory 99 is multiplied
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037i s
inverted in an anplifier 104, and then is added to (OREPEHENk§Et$dV$rI
the fundanental delay length N. Thus, delay Ilengthin generatéa' |
Fig. 16 shows an exanple of the conflguratlon of a |c Icgb qnpgg |
envel ope generator. A full adder 106, a2glelay circuyit} 1 d an A@De
circuit group 108 constitute a loop ciTcuit. The ouf p 109 for

deduci ng an accunul ation value fromthe key code is}applied to the fdl
adder 106 The

factor supplied from the table 95, so that a pitch envelope
IT' corresponding to the initial touch IT is generafed. This
pitch envelope IT' has such a chgracteristic 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 "05,
the total pitch becomes 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 envelope generator in Fig. 14. With
respect to the amplification factor «, the pitch envelope IT'
supplied can be used directly. With respect to the number n of
delay stages, a procedure of subtraétion from the fundamental
delay length N is required. Because it is necessary to scale
the range of the change of delay length corresponding 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 envelope in a multiplier
103, is inverted in an amplifier 104, and then is added to (or
subtracted from) the fundamental dela& length N. Thus, delay
length n is generated.

Fig. 16 shows an ekample of the éonfiguration of a
calculation type envelope generator. A full adder 106, a delay
circuit 107 and an AND circuit group 108 constitute a loop
circuit. The output of a table 109 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 suppliied to the table 109 throug gE‘meENWr&HEEF
On the other hand, the initial touch IT is supplied f{o

deducing a factor, through a latch circuit 112. The jout put L@g t ablie
b G0y B3

113 is given to a down counter 114. The starting pulke
the latch circuits 111 and 112 and th@3down counter {1l
pulse ST is "1", the down counter 114Tbads the val ug¢ of

t he

iddito

| T. Thereafte

key code KC is supplied to the table 109 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 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. Thereafter, the
down counter 114 makes such a down counting operation 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: initially setting a value corresponding
to the initial touch IT 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 to keep

the output of the counter zero when the value of the counter
reaches zero.

In the pitch envelope in Fig. 18, an output 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 « having U-shaped
characteristic and a factor n haﬁing reversed-U-shaped
characteristic.

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



‘down counter 114 makes such a down counting operati nR@hanE%ﬁ%”axiwarﬂy
rises fromthe full adder 106. A decreasing function Himear
characteristic in a range of froma certain value tjo
initially setting a value corresponding to the initj o :the
down counter; and decreasing the valuedof the down [

the tinming corresponding to the key code KC. Here, fhe down counter ijs
defined as a counter in which the counting operatlo keep

t he outp f the nter ro when the value of t unt er aches zero.
In the pitocFRER) RES g L ook i aaridied, Becatse 'Y Com

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 aforementioned tables are required for outputfing
standard values. The table 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 respective outputs
thereof are supplied to a selector circuit 128. The selector
circuit 128 supplies an output for a predetermined number of
delay stages correspondingly to the selective input. Thus,
there is formed a delay circuit variable in the number of delay
stages.

The cireuit of Fig. 2 or a circuit equivalent 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 depend on the frequency. Although the loop
circuit of Fige 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.
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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 closely resembling that
of a natural musical instrument can be controlled by providing
an all—paes filter in a delayed feedback loop and, in
particular, controlling non-harmonic components on the basis of
touch information.

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

Although, for example, the aforementioned embodiments have
shown the case where the pitch is modulated by changing the
fécfor of the all-pass filter corresponding to the touch, the
change of frequency in a larger range can be obtained by
changing the delay time of the 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
applied to the case where a multi-dimensional all-pass filter is
used.

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

will be apparent for those skilled in the art that various
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changes, substitutions, alterations, improvements and

combinations are possible within the spirit of the appeared

claims.
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What is claimed is:

1. A tone signal synthesizer comprising:

a loop circuit for circulating a tone signal;

means for applying a driving waveform to said loop circuit;

a delay_circuit connected within said loop circuit, for
giving delay time corresponding'to pitch to the circulating tone
signal; and

a variable all-pass filter connected within said loop
circuit énd being capable of changing the phase of the tone

signal corresponding to the frequency thereof.

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

a factor generation means for generating an amplification
factor a which changes with the passage of time corresﬁondingly
to a touch signal; and

means for applying said amplification factor a to said

all-pass filter.

3. A tone signal synthesizer according to Claim 2, in which
sald factor generation means includes 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
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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, further

comprising:

a performance manipulator for giving a performance;

a touch signal forming means for forming a touch signal on

the basis of performance information given by said performance

mani

pulator; and

means for supplying said touch signal to said factor

generation means.

6.

A tone signal synthesizer according to Claim 5, in which:

- salid performance manipulator has a large number of keys, and

said touch signal forming means includes means for detecting the

speed of key depression.

7.

A tone signal synthesizer according to Claim 5, 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.



: i g. 19 shows an exanple of a loop circuit dongpLgugmgw}by a _

deW}lMﬂUﬂﬂﬂlﬂjﬂ an all-pass filter 25. The change |a -t-e-r——-t-heu-key on
uch acircuit. As descri bed gbqv a nusi cal tone

‘closely resenbling that of a natural nusical instrumerdt cd@ H$0Y6m96ol

by providing an all-pass filter in a &9l ayed feedback op and., in

particular, controlling non-harnonic coOmMponents on the lbasis of touch'
i nf or mat i on.

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 generated 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 de;aying an
input signal; a first amplifier for amplifying the input signal
with an amplification factor a; 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 a;: and a second
adder for adding the output of said second amplifier to the
input signal in phase at the input side of said delay element,.
the delay tinme of said delay element and the amplification
factor a of the first and second amplifiers being controlled

on the basis of an externally applied control signal.

16. A tone signal synthesizer according to Claim 8, 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.



‘It is to be understood that the invention is not |imtgdgep sdiB@NT SHEET

af orenent i oned enbodi nents and that changes thereof nmay he-—rade-suit-ahly.

Al t hough, for exanple, the aforenentioned enbodi nents hae shown the ¢age
where the pitch is nodul ated by changing the factor of thegélNOMéﬁgﬁfﬂlter
corresponding to the touch, the changgoof frequency in | ar ger _range {cdn
be obtained by changing the delay tinE of the delay cifrcuit corresponding
to the touch. The objecﬁ%NE §f§ﬁ&ﬂ“§?ﬁ¥ﬁ§kf§§k I ly
by

ABSTRACT OF THE DISCLOSURE

A a tone signal synthesizer comprises a loop circuit for
circulating a tone signal, meané for applying a driving
waveform to the loop circuit, a delay circuit connected 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 1dop circuit and being capable of changing

the phase of the tone signal corresponding to the frequency

thereof, so that musical tone can be controlled in accordance
with touch, and various characteristics 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 instrument. (Figure 2)
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VWhat is clainmed is: 1. A tone signal synthesizer conprising: a
| oop circuit for circulating a tone signal; '

driving waveformto said |oop circuit;

the circulating tone signal; and 3/a3variable all-pps
connected within said loop circuit and-bei ng capable ofjc

of the tone

a del ay ci ric\HEPLACHMIEG! SHEET
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‘3. A tone signal synthesizer according to Claim2, in
generation neans includes neans for generating a pitch ¢

i ncreases pitch by a quantity corresponding to the touc
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im——

FIG. 7A - Fle.78

61\ 64
) | 63

/60
FIG. 7C

63 CL—=TIMER [ 68
)

L (65 L 67 &9
PRESSURE -
SENSOR A/D [
§64' {66 CPU RAM }==TO BUS
CANTI-
CEVER A/D
FIG. 7D
id
5
<8
_ xa BRo
il _t
5 —

Tw



‘form of an exponential function. 4. A tone signal synthesizer according
to daim3, in which said factor generation neans contrpwthﬂ&mgqgagHgﬁ

the pitch envel ope correspondingly to pitch. - 5.

synt hesi zer according to Claim2, further conprising: ’ a perforna&ce
mani pul ator for giving a perfornance 6/13  a touch signhl | f &Ry #ans)
for form ng a touch signal on the basis of performance {nformation giv

by sai d perfornmance
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mani pul at or; and
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sai d performance mani pul ator includes a nout hpiece appfT g T a - hrand
for giving out breath there through, and said touch s d#%ﬁk§3¥ﬂ¥ﬂgHﬁeams

i ncludes a pressure sensor for detecting the pressure|fof the breath.
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said touch signal form ng neans includes neans for formng 3
vi bration generated on the vibration nenber and for dete t“m
synt hesi zer accordi ng\t e

t he envel ope. 9. A tone si

which said all-pass filter includes:
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the delay tine.
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