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Electronic Musical Instrument Having

v Algorithm Selectable Function

Background of the Invention

Fiéld of the Invention

The present invention relates to electronic musical
instruments, and more particularly, to electronic musical
instruments capable of simulating the sound of conventional

non-electronic musical instruments with high fidelity.

Prior Art

There is known a conventibnal electronic musical instrument
comprising a PCM (Pulse Code Modulation) tone generating device
(hereafter referred to as a tone generating device (1)) which
reads pulse-code-modulated waveform data from a waveform memory
based on a clock corresponding to MIDI (Musical Instrument
Digital Interface) data generated in response to the operation
of, for example, a kgyboard by a performer. Such a conventional
electronic musical instrument comprises a plurality of sound
production channels, for example, 18 sound production channels,
and each of these sound production channels ina;pendently
produces sound by means of timesharing in fesponSe to the above
MIDI data. For example, one sound production channel"produces
sound with the tone color of a piano at one timing and another
sound production channel produces sound with the tone color of a
violin at another timing.

Furthermore, physical model tone generating devices
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Backgfdhnd of the Invention Field of the Invention The present

I nfention relates to el ectronic nusical I nstruments, and nore
particularly, to electronic rmnusical i nstrunments capabl e of simulating the
sound of conventi onal non-el ectronic nusical instruments wi th high
fidelity. '

(hereafter referred to as tone generating devices (2)) are
conventionally known which synthesize tones which effectively
simulate the sound of a conventional non-electronic musical
instrument by simulating the sound production algorithm in the
target non-electronic instrument. Such a device is disclosed in
US Patent No. 4,984,276;

One example of a liner portion of the above conventional
tone generating device (2) is shown in the block diagram of Fig.
9. 1In this figure, an input terminal 1 is provided, to which an
excitation signal waveform data made up of a large number of
different high frequency components such as an impulse waveform
is supplied. The excitation signal waveform data supplied via
the input éérminal 1 is supplied to the closed loop cifcuit via
first input terminals of adders 2 and 3. The-adder 3 adds the
excitation signal waveform data and the output data read from an
input memory 5 (MEMORY 2) which delays an input data for the
desired time. The output data from the adder 3 is supplied to a
multiplier 6 which multiplies it by a multiplicative coefficient
C2. The output data from the multiplier 6 is supplieéd to a first
input terminal of an adder 8. The output data from the adder 8
is stored in a temporary memory 9 (TLz) and supplied to a
multiplier 11. The temporary memory 9 delays an input data,
namely, the output data from the adder 8, for the desired time.
The multiplier 11 multiplies an input data, namely, the output
data from the adder 8, by a multiplicative coefficient r2. The
data read from the temporary memory 9 is supplied to a multiplier
10. The multiplier 10 multiplies an input data, namely, the data
read from the temporary memory 9, by a multiplicative coefficient

1-C2. The output data from the multiplier 10 is supplied to a
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Prior; Art s There is known a conventional electronic nusica

I nStyunent conprising a PCM (Pul se Code Modul ati on) tone generating device
(hereafter referred to as a tone generating device (1) ) which reads

pul se- code- nodul at ed waveform data froma waveform nenory based on
a.clock corresponding to MDI (Misical Instrunent Digital.lnterface) data
generated. in response to the operation '

second input terminal of the adder 8. The adder 8 adds the
output data from the multiplier 6 and the output data from the
‘multiplier 10. Each of elements 8 through 10 described above
together form a low pass filter (LPF) 12. The output data from
the multiplier 11 is stored in an input memory 4 (MEMORY 1) which
‘délays it for the desired time. The data read from the input
‘memory 4 is supplied to a second input terminal of the adder 2.
The adder 2 adds the excitation signal waveform data and the
data read from the input memory 4. The output data from the
adder 2 is supplied to a multiplier 7 which multiplies it by a
multiplicative coefficient C1. The output data from the
multipiier 7 is supplied to a first input terminal of an adder
13. The output data from the adder 13 is stored in a temporary
memory 14 (TL1) and supplied to a multiplier 16. The temporary
memory 14 delays an input data, namely, the output data from the
adder 13, for the desired time. The multiplier 16 multiplies an
input data, namely, the output data from the adder 13, by a
multiplicative coefficient ri. The data read from the temporary
memory 14 is supplied to a multiplier 15. The multiplier 10
multiplies an input data, namely,”the data read from the
temporary memory 14 by a multiplicative coefficient 1-Cl1. The
output data from the multiplier 15 is supplied to a second input
terminal of the adder 13. The adder 13 adds tﬁ; output data from
| the multiplier 7 and the output data from the multiplier 15.
Each of elements 13 through 15 described asbove together form a
low pass filter (LPF) 17. The output data from the multiplier 16
is stored in the input memory 5. The data read from the input
memory 5 is supplied to a second input terminal of the adder 3.

Because the above conventional tone generating device (2)
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of. fgr example, a keyboard by a performer. Such a conventional

el éctroni c nusical instrunent conprises a plurality of sound production
channel s.
sound production channel s i ndependently produces sound by neans of

ti mesharing: in response to the above MD data. For exanple, one sound
production channel produces sound with the tone color of a piano at one
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for exanple. 16 sound production channels. and each of these

various tones which effectively simulate the sound of
conventional non-electronic musical instruments by simulating the
various algorithms of sound production in the target non-
electronic instruments by changing the microprogram (for example,
see Fig. 10) used in the DSP. The above conventional tone
generating device (2) as shown in Fig. 9 is an example of a tone
generating device which syntheslzes tone which effectively
simulate the sound of a stringed instrument by simulating the
sound production algorithm in the stringed instrument. An
example of another type of tone generating device which
synthesizes tones which effectively simulate the sound of another
non-electronic musical 1nstrﬁments. for example, ﬁind
instruments, by simulating the sound productibn algorithm in the
target non-electronic musical instruments, has been disclosed in
Japanese Patent Application Laid-open Publication No. 2—280196.

In the above conventional electronic musical instrument
comprising the above conventional tone generating device (1), a
tone color number as well as performance information such as tone
pitch and touch are supplied to the tone generating device (1)
every key-on. Accordingly, if a performer designates tone color
at each sound productions, each of the sound production channels
of the tone generating device (1) directly accé;s the
corresponding area of the waveform memory and read waveform data
from it. Thus, as stated above, it is an easy matter for one
sound production channel to produce sound with the tone color of
a piano at one timing and to produce sound with the tone color of
a vioclin at the next timing by means of timesharing.

In contrast, in the above conventional electronic musical
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violj n at anot her timng. Furthernore. physical nodel tone generating
devi ces .. This Sheet Has Been Replaced -2-
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instrument comprising the above conventional tone generating

device (2), in the case of changing tone color at each key-on,
there is a necessity either to supply a microprogram to the sound
prcduction channel at each key-on or to previously store a
‘plurality of microprograms in each sound channel. Since the
microprogram as shown in Fig. 10 is the microprogram
corresponding to very a fundamental circuit construction as shown
in Fig. 9, it does not take long to supply this microprogram to
the sound production channel at each key-on. However, since the
microprogram which accurately simulates the sound production
algorithm in the target non-electronic musicél instruments
consists of a large number of data, when it is supplied to the
sound production channel at each key-on, there is a drawback in
that the key-on response is reduced due to tﬁe limitation on the
data transmitting rate. In the case where previously storing a
plurality of microprogram in each sound channel, there is a
drawback in that the use efficiency of memory becomes lower and
the system become expensive because great deél of memory is

necessary.

Summary of the invention

In consideration of the above, it is an ogbect of the
present invention to provide an electronic musical instrument
which is capable of efficiently using memory, and which is
caﬁable of producing the sounds of a plurality of tone colors
every key-on without reducing key-on respbnse.

To satisfy this object, the present invention provides an

electronic musical instrument comprising tone generating means
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(hereafter referred to as tone generating devices (2)) are conventional ly
known whi ch synt hesi ze tones which effectively sinmul ate the sound of a
conventional non-el ectronic nusi cal i nstrument by simulating the sound
production algorithmin the target non-electronic instrunent. Such a
device is disclosed in US Patent No. 4.984.276 or in EP-A-0 397 149.

One exanple of a liner portion of the above conventi onal

comprising an excitation means for generating an excitation
signal and sound producing means having input means for producing
a musical tone signal in response to the excitation signal,
delaying the musical tone signal and feeding the musical tone
signal back to the input means;

memory means for storing a plurality of sound production
algorithms;

assignment designating means for designating one of.the
plurality of sound production algorithms and assigning the
designated sound production algorithm to the musical tone
generating means, the tone generating means further comprising
operation ﬁeaﬁs for performing the assignéd sound production
algorithm on the musical tone signal; and

extracting means for extracting the musiéal tone signal.

According to such a structure, when a performer designates
one of the plurality of sound production algorithms and assigns
the designated sound production algorithm to the musical tone
generating means using the assignment designating means, the
operation means performs'the assigned sound production algorithm
on the musical tone signal.

Accordingly, the excitation means generates the excitation
signal and the input means produces the musical tone signal in
response to the excitation signal.and the souné-producing means
delays the musical tone signal and feeds the musical tone signal
back to the input means. Thus, the extracting‘means extracts the
musical tone signal. .

According to the present invention, there is the positive
effect that the volume of the tone color buffer memory of each of

the sound production channel can be minimized. Furthermore,
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tone%génerating device (2) is shown in the block diagramof Fig. 9. In
this figure, an input termnal 1 is provided, to which an excitation
signal waveform data nmade up of a |arge nunber of different high frequency
conmponents such as an inpul se waveform is supplied. The excitation signal
wavef orm data supplied via the input terminal 1 is supplied to the closed
|l oop circuit via first input termnals of. adders 2 and 3. The adder 3

adds the eexcl 4 igHe pbyiehURUEF QN AR 220PsthE UGB iRl £183dntr om an

use of memory can be constructed. Moreover, there is the
‘positive effect that the response to key-on is not less than in
the conventional art. In additional, there is the positive
‘effect that the generation of the musical forced tone that is
caused by the limited number of sound production channel can be
prevented because the order of priority of each of the tone

colors in each of the sound production channels is prescribed.

Brief Explanation of the Drawings

Fig. 1 shows a block diagram of the electrical structure of
an electronic musical instrument based on the preferred

embodiment of the present invention.

Fig. 2 shows an example of the external structure of the

panel 21 of Fig. 1.

Fig. 3 is a flow chart showing the main procedure routine of
the CPU 18 based on the preferred embodiment of the present

invention.

Fig. 4 is a flow chart showing the note on procedure routine
of the CPU 18 based on the preferred embodiment-of the present

invention.

Fig. 5 is a flow chart showing the note off procedure
routine of the CPU 18 based on the preferred embodiment of the

present invention.

Fig. 6 1s a flow chart showing the procedure routine in

———
———

————
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I nputs menory 5 (MEMORY 2) which delays an input data for the desired tine.
Theé:output data from the adder 3 is supplied to a multiplier 6 which
multiplies it by a multiplicative coefficient C2. The output data fromthe
multiplier 6 is supplied to a first input termnal of an adder 8. The
output data fromthe adder 8 is stored. in a tenporary menmory 9 (TL2) and

supplied t@ofineB¥LéA Phi €l the notlecbeSPUA the el Y39b88E&YSn afhd NPUt dat a,
nanely, the output data fromthe adder 8, for the desired tine.

preferred embodiment of the present invention.
Fig. 7 shows a display exémple of the display 22 of Fig. 2.
Fig. 8 shows another display example of the display 22 of Fig. 2.

Fig. 9 shows a blcck diagram of a structural example of the
linear portion of the physical model tone generating device of

the prior art.

Fig. 10 shows an example of the microprogram of the physical

model tone generating device of Fig. 9.

Detailed Description of the Preferred Embodiments

Hereinafter, an explanation of the preferred embodiment of
the present invention is given by referring to the figures. Fig.
1 shows a block diagram of the structure of an electronic musical
instrument in accordance with the preferred embodiment of the
present invention. In this figure, a central processing unit
(CPU) 18, which gontrols all apparatuses, a ROM 19, which has
stored various control programs used in the CPU 18 and various
microprograms loaded in the hereinafter described tone generating
circuit 29 consisting of DSP and a RAM, and a RAM 20 are
provided. Additionally, in the RAM 20, within which all types of
registers, flags, and working buffers are maintained for use when
the CPU 18 carries out any type of procedure, and MIDI data
buffers are maintained for storing the MIDI data.

Furthermore, in Fig. 1, a panel 21 is provided, which

consists of a display 22 such as a liquid crystal display, ten
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The nu1t1pller 11 nmultiplies an input data nanmely, the output data from

t he adder 8, by a mul tiplicative coefficient r2. The data read fromthe
tenpprary menory 9 is supplied to a nultiplier 10. The nultiplier 10

mul tiplies an input data, nanely, the data read fromthe tenporary nenory
9, by a nmultiplicative coefficient 1-C2. The output data fromthe

nU|tipliﬁéyéikéfséﬂﬂgﬂﬂeﬁdkk9 24 for designating, for example, the change
of display or the like, cursor keys 25 for designating the
movement of cursors on the display 22 and the like as shown in
'Fig. 2. The panel 21 supplies information in response to the
‘operation of keys via a panel interface 26 and a system bus 27 to
the CPU 18.

Moreover, in Fig. 1, a MIDI interface 28 is provided. The
'CPU 18 exchanges data such as MIDI data via the MIDI interface 28
and the system bus 27 with another electronic musical instrument
‘or the 1like. A tone generating éircuit 29 is provided, which
synthesize tones which effectively simulate the sound of wind
instruments such as the clarinet, rubbed stringed instruments
such as the violin, plucked stringed instruments such as the
guitar, and beat stringed instruments such as. the piano by
simulating the sound production algorithm in these. The tone
generating circuit 29 consists'of a plurality of DSPs and a
plurality of RAMs in which temporarily store the various
computing data of the plurality of DSPs, respegtively. The set
.of DSP and RAM correspond to the hereafter described sound
production channels. A sound system 30 is provided comprising
amplifiers, etc., which amplify a plurality of musical tone
signals supplied from the tone generating circuit 29. A speaker
31 is provided which transduces a plurality of .the musical tone
sigﬁéls to the musical tone and delivers.

Next the flow of operation of the CPU 18 in the electronic
musical instrument of the present invention will be described
with reference to the flow charts of Figs. 3 through 6.

When power is supplied to the device shown in Fig. 1, the

CPU 18 begins to execute the main procedure routine shown in Fig.

——

———
—————
—
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- 3- 531 secoﬁd I nput term nal of the adder 8. The adder 8 adds the out put
data fromthe multiplier 6 and the output data fromthe

3 starting with step SA1. 1In step SAl, the 1nitialization of all
apparatuses is carried out. This initialization consists of the
setting of the initial tone color in the tone generating circuit
29, and the clearing of the registers of RAM 20. Next, MIDI
‘interface 28 is scanned and the input state of MIDI data is
‘detected in step SA2.

Next, in step SA3, Jjudgment is made as to whether or not a
‘"MIDI event based on the input state of MIDI data detected in the
MIDI scanning procedure of step SA2 exists. When the result of
the judgment in SA3 is [YES], the routine proceeds to step SA4.
In contrast, when the result of the judgment in step SA3 is [NO},
that is, when the MIDI event is not detected, the routine
proceeds to step SA8 described below.

In step SA4, the values corresponding to. their respective
-detected states are stored in fegister EV, which temporarily
stores a note on event NON or a note off event NOFF, register NC,
- which temporarily stores note code NC, and in register NV, which
temporarily stores velocity.

Next, in step SA5, judgment is made as to whether or not the
stored data in the register EV corresponds to a note on event
NON. When the result of the judgment in SAS5 is [YES], the
routine proceeds to step SA6 and no£e on procedure (sound
production procedure) is carried out in step SA6. In contrast,
when the result of the judgment in step SA5 is [NO], that is,
when the stored data in the register EV corresponds to the note
off event NOFF, the routine proceeds to step SA7 and note off
procedure (sound silencing procedure) is carried out in step SAT.
The sound production procedure and the sound silencing procedure

will be described below in detail. Next, when the sound
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mul tiplier 10. Each of elenents 8 through 10 described above together form
a Iow pass filter (LPF) 12. The output data from the nultiplier 11 s
stored in an input nenory 4 (MEMORY 1) which delays it for the desired
time. The data read fromthe input mnmenory 4 is supplied to a second i nput
term nal of the adder 2. The adder 2 adds the excitation signal

vavef orm gabauatfiohhprodédérd &id theOBbhRE & Mitic IMTDbctduFBehavé Phdertlat a
fromthe adder 2 is supplied to a multiplier 7 which nultiplies it by a
carried out, the routine proceeds to step SAS8.

In step SA8, the panel 21 is scanned to detect the operation
‘state of the panel 21. Next, in step SA9, judgment is made as to
whether or not there exists a panel event based on the state of
panel 21 detected in the panel scanning procedure of step SAS.
‘When the result of the judgment in SA9 is [YES], the routine
proceeds to step SA10. In contrast, when the result of the
judgment in step SA9 is [NO], in other words, when the panel
event is not detected, the routine returns to step SAZ2.

In step SA10, judgment is made as to whether or not the
panel event detected in step SA8 is in connection with tone
color. When the result of the judgment in SA10 is [YES], the
‘routine proceeds to step SAll and the procedure in connection
with the tone color is carried out in step SA1ll. In contrast,
when the result of the judgment in SA10 is [NO], namely, when the
panel event detected in step SA8 is not in connection with tone
color, the routine proceeds to step SAl12 and the procedures in
step SAl12 is carried out. The procedures relating to the tone
color will be described below in detail. Next, when the
procedures relating to the tone color and other procedures have
been carried out, the routine returns to step SA2 and steps SA2
through SA12 are repeatedly carried out until the power is turned
off. )

Next, the note on procedure of CPU 18 will be described with
reference to the flow chart in Fig. 4. When the routine proceeds
to step SA6 shown in Fig. 3, the CPU 18 begins to execute the
note on procedure routine shown in Fig. 4 starting with step SBI1.

In step SB1l, the number of the MIDI channel for which an event

This Sheet Has Been Replaced

L

11




nul tjplicative coefficient Cl. The output data fromthe multiplier 7 is
swpplied to a first input termnal of an adder 13. The output data from
the adder 13 is stored in a tenporary nenory 14 (TL1) and supplied to a
multiplier 16. The tenporary nmnenory 14 delays an input data. nanely.. the
out put data fromthe adder 13, for the desired-tine. The nultiplier 16

mul L pl T esyah adtdRitbalbastOpeR! iy P r3¢hBYEr AR, [ nGRY hamddep 882Dy a
plicative coefficient rl. The data read fromthe tenporary
"0" is stored in a register CH, storing the number of the sound
production channel so as to search the state of all of the sound
production channels.

Next, in step SB3, "7FFF" ( maximum value in hexadecimals)
is stored in the register MIN so as to truncate the sound
production channel having the envelope value minimum when an open
sound production channel does not exist.

In step SB4, a judgment is made as to whether or not the
value in the register AMC{CH], in which what number MIDI channel
has been assigned for the sound production channels set in
register CH is stored, is identical to the value set in register
MCH. When the result of the judegment in SB4 is [YES], the
routine proceeds to step SB5. In contrast, when the result of
the judgment 1n-SB4 is [NO], namely, when the value stored in the
register AMC[CH] is not equal to the value stored in the register
MCH, the routine proceeds to step SB10 described below because
the sound production channel corresponding to the value stored in
the register AMC{CH] can not be assigned.

Next, in step SB5, judgment is made as to whether or not the
value stored in the register ST[CH] (ST is a state signal),
storing the state of the sound production channel corresponding
to the number stored in the register CH, equals- "0", namely,
whether or not this sound production channel is in a channel
standby state. When the result of the judgment in SB5 is [NO],
the routine proceeds to step SBS. In contrast, when the result
of the judgment in SB5 is [YES], in other words, when the value
stored in the register ST[CH] equals "0", the routine proceeds to

step SB14 described below because the open sound production

This Sheet Has Been Rep 12 e e

M L,

5 s spos O P O BN




menwy 14 is supplied to a multiplier 15. The nmultiplier 10 nultiplies an
| Aput data, nanely, the data read fromthe tenporary nenory 14 by a

mul tiplicative coeffficient 1-CL. The -output data fromthe nutiplier 15
is supplied to a second input termnal of the adder 13. The adder 13 adds
the output data from the nultiplier 7 and the output data fromthe

mul ti pli eharirel datespndiingmtot $hd vahi® ugtorkd das¢hebedgpdose ST@HIher

forma |ow pass filter.(LPF) 17. The output data fromthe nultiplier 16
exists.

In step SB6, the envelope value of the sound production
‘channel in the tone generating circuit 29 corresponding to the
‘mumber stored in the register CH is stored in the register ENV.
‘Next, in step SB7, judgment is made as to whether or not the
value stored in tﬁe register ENV is smaller than the value stored
in the register MIN. When the result of the judgment in SB7 is
[YES], the routine proceeds to step SB8. In contrast, when the
result of the judgment in SB7 is [NO], that is, when the value
stored in the register ENV is equal to or larger than the value
stored in the register MIN, the routine proceeds to step SB10
described below.

In step SB8, the value stored in the register ENV is stored
in the register MIN. Next, in step SB9, the value stored in the
register CH is stored in the register TCH. In step SB10, "1" is
added to the value stored in the register CH in order to search
the next sound production channel. Next, in step SBll, judgment
is made as to whether or not the new value stored in the register
CH is equal to the total numﬁer of sound production channels
CHMAX (for example, 32). When the result of the judgment in SB11l
is [NO], the routine returns to step SB4 and the above-mentioned
procedure is repeatedly carried out until the wvalue stored in the
register CH is equal to the total number of sound production
channels. 1In contrast, when the result of the judgment in SB1l1
is [YES], that is, when the value stored in the register CH is
equal to the total number sound production channels, the routine
proceeds to step SB12.

In step SB12, the sound silencing procedure is carried out
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S gld}ed in the input menory 5. The data read fromthe input nenory 5is
supplied to a second input termnal of the adder 3. Because t he above
conventional tone generating device (2).

for silencing the sound of the sound production channel in the
tone generating circuit 29 corresponding to the number stored in
the register TCH. Next, in step SB13, the value stored in the
register TCH is stored in the register CH. Next, in step SBl4,
"1" indicating the continuation state of sound producing based on
note on, is stored in the register ST[CH].

In step SB15, the key code KC corresponding to the tone
pitch to be produced is stored in the register AKC{CH], storing a
key code KC in response to the sound production channel. Next,
'in step SB16, the note code NC, the velocity NV and the note on
'NON are supplied to the open sound production channel in the tone
generating circuit 29 corresponding to the number stored in the
register CH, and the routine returns to step SA8 of the main
procedure routine shown in Fig. 4.

Next, the note off procedure of the CPU 18 will be described
with reference to the flow chart of Fig. 5. When the routine
proceeds to step SA7 shown in Fig. 3, the CPU 18 begins to
execute the note off procedure routine shown in Fig. 5§ starting
with step SCi. In step SCl1, the number of MIDI channels for
which a MIDI event was detected is stored in the register MCH.
Next, in step SC2, "0" is stored in register CH, storing the
number of sound production channels in 6rder to search the state
of all of the sound production channel. o e

Next, in step SC3, judgment is made as to whether or not the
value stored in the register AMC[CH] is equal to the value stored
in the register MCH. When the result of the judgment in SC3 is
[YES], the routine proceeds to step SC4. In contrast, when the
result of the judgment in SC3 is [NO], namely, when the value

stored in the register AMC[CH] does not equal the value stored in
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-4- . consists of a digital signal processor (DSP). it can synthesize

var.i ous tones which effectively sinulate the sound of conventi onal

non-el ectroni c nusical instrunents by sinulating the various algorithns of
sound production in the target non- electronic instrunents by changing the
m croprogram (for exanple, see Fig. 10) used in the DSP. The above

convent i ghal régneted MOH attheg réatine pPocesdssovstep BCH. d@sersitwed exanpl e

of a tone
below.

Next, in step SC4, judgment is made as to whether or not the
value stored in the register AKC[CH] is equal to the key code KC.
‘When the result of the judgment in SC4 is [NO], the routine
‘proceeds to step SC5. In contrast, when the result of the
Judgment in SCé is [YES],lin other words, when the value stored
in the register AKC[CH] is equal to the key code KC, the routine
proceeds to step SC7 described below.

In step SC5, 41“ is added to the value stored in the
register CH in order to search the next sound production channel.
Next, in step SC8, judgment is made as to whether or not the new
value stored in the register CH is equal to the total number
sound production channels CHMAX (for example, 32). When the
result of the judgment in SC8 is [NO], the routine returns to
step SC3 and the above-mentioned procedure is repeatedly carried
out until the value stored in the register CH is equal to the
number of all of sound production channel. In'contrast. when the
result of the judgment in SC6 is [YES], that is, when the value
-stored in the register CH is equal to the total number of sound
production channels, the routine returns to step SA8 of the main
procedure routine shown in Fig. 4.

In step SC7, "0" indicating the channel standby state, is
stored in the register ST[CH]. In step SC8, "0" is stored in the
register AKC{CH]. Next, in step SC9, the note off NOFF is
supplied to the sound production channel in the tone generating
circuit 29 corresponding to the number stored in the register CH,
and the routine returns to step SA8 of the main procedure routine

shown in Fig. 4.
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generatlng deV|ce whi ch synt hesi zes tone which effectively sinulate the
sound of a stringed instrument by sinulating the sound production
algorithmin the stringed instrunent. An exanple of another type of tone
generating device which synthesizes tones which effectively sinulate the
sound of another non-electronic nusical instrunents, for exanple, w nd

instruments, byegt M igidcedarsovn dediidttalonowi 8hJohe t tone redlvr drakrpet

non-el ectronic musical instruments, has been disclosed in
CPU 18 will be described with reference to the flow chart in Fig.
6. When the routine proceeds to step SAll shown in Fig. 3, the
CPU 18 begins to execute the procedure in connection with the
tone color routine shown in Fig. 6 starting with step SD1. 1In
step SD1, the number of sound production channel and the tone
color number for each MIDI channel is stored in the registers
based on the operation of the panel 21 by operator. Namely, when
the operator selects the number of the sound production channel
and the tone color number fof each MIDI channel using the ten
keys 23, the enter key 24 and the cursor key 25 of the panel 21
shown in Fig. 2, the CPU 18 stores the number of sound production
channel and the tone color number for each MIDI channel in the
corresponding registers of the RAM 20. The CPU18 displays the
number of sound production channel and the tone color number
selected for each MIDI channel on the display 22, as shown, for
example, in Figs. 7 and 8; In the example shown in Fig. 7, 4
sound production channels are assigned to MIDI channel 0, 2 sound
production channels are assigned to MIDI channel 1, ..., and 4
sound production channels are assigned to MIDI channel 7. 1In the
example shown in Fig. 8, tone color corresponding to the tone
color number 02, that is, the tone color of a granq piano is
assigned to MIDI channel 3. -

In step SD2, "0" is stored in the register MCH in order to
decide the state of the sound production channel of each MIDI
channel for which the number of sound production channels and the
tone color number are selected by the operator. Next, in step
SD3, "0" is stored in register CH in order to decide the state of

all of the sound production channels selected for the MIDI.

.
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Japaﬂese Patent Application Laid-open Publication No. 2-280196. In

t he above conventional el ectronic nusical instrument conprising the above

conventional. tone generating device (1), a tone color nunmber as well as

performance i nformati on such as tone pitch and touch are supplied to the

tone generating device (1) every key-on. Accordingly, if a performer

desi gnat eaghpees col or at each sound productions, each of the sound

production channels of the tone generating device (1) directly access the
Next, in step SD4, the number of sound production channels

assigned to the MIDI channel corresponding to the number stored
in the register MCH, for example, 4 in case of MIDI channel 0, is
stored in the register N. In step SD5, the tone color number of
the sound production channel assigned to the MIDI channel
corresponding to the number stored in the register MCH, for
example, 02 in case of MIDI channel 3, is stored in the register
TC.

In step SD6, the microprogram corresponding to the tone
color number stored in the register TC, for'example, the
microprogram of a violin, is supplied to the sound production
channel in the tone generating circuit 29 corresponding to the
number stored in the fegister CH. Next, in step SD7, the value
stored in the register MCH is stored in the register AMC[CH], in
which is recorded what MIDI channel number is assigned for the
sound production channel stored in the register CH.

In step SD8, "1" is added to the value stored in the
register CH in order to decide the state of the next sound
production channel. Next, in step SD8, "1" is subtracted from
the value stored in the register N so as to decide the state of
the next sound production channel assigned to the same MIDI
channel. 1In step SD10, judgment is made as to -whether or not the
new value stored in the register N is equal to "0". When the
result of the judgment in SD10 is {NO)], the routine returns to
step SDB6 and the above-mentioned procedure is repeatedly carried
out for all of the sound production channels assigned to the same
MIDI channel. In contrast, when the result of the judgment in

SD10 is [YES], that is, when the value stored in the register N

———
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correspondi ng area of the waveform nmenory and read waveformdata. fromit.
Thus as stated above, it is an easy matter for one sound production
channel to produce sound with the tone color of a piano at one timng and
to produce sound witn the tone color of a violin at the next timng by
means of tinesharing. In contrast, in the above conventi onal

el ectronijg BY§htato “0", the routine proceeds to step SDil.

In step SD11, "1" is added to the value stored in the
register MCH in order to decide the state of the next MIDI
channel. Next, in step SDi2, judgment is made as to whether or
not the new value stored in the register'MCH is equal to "8",.
When the resulf of the judgment in SD12 is [NO], the routine
returns to step SD4 and the above-mentioned procedure is
repeatedly carried out for ail MIDI channel. In contrast, when
the result of the judgment in SD12 is [YES], that is, when the
value stored in the register MCH is equal to "8", the routine
returns to step SA2 of the main procedure routine shown in Fig.
4.

With the electronic musical instrument of the embodiment of
the present invention as thus described above, a plurality of
tone colors are preassigned to each of the sound production.
channels limited in number, a plurality of microprogram
corresponding to a plurality of tone colors are presupplied to
each of the sound production channels assigned and sounds are
produced in the assigned sound production channel in response to
the MIDI data. Accordingly, it is possible to minimize the
volume of memory and construct a system having an efficienf
utilization of memory. Furthermore, response to a key-on can be
carried out more quickly than in the conventional art. Moreover,
generation of a forced musical tone which is caused by the
limited number of the sound production channels can be prevented
because the order of priority of each of the tone colors in each

of the sound production channels is prescribed.
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|nstbunent conpr|5|ng t he above conventional tone generating device (2).
in.the case of changi ng tone color at each key-on there is-a necessity

ETCT 0 SUpPLY & T eroprOsram e TR SO ) M) WA O

What is claimed is;

1. An electronic musical instrument comprising:
tone generating means comprising an excitation means for
generating an excitation signal and sound producing means having
input means for prodqging a musical tone signal in response to
said excitation signal, delaying said musical tone signal and
feeding said musical tone signal back to said input means;:
| memory means for storing a plurality of sound production
algorithms;
assignment designating means for designating one of said
plurality of sound production algorithms and assigning said
."designated sound production algorithm to said musical tone
generating means, said tone generating means further comprising
operation means for performing said assigned sound production
algorithm on said musical tone signal; and

extracting means for extracting said musical tone signal.

2. An electronic musical instrument according to claim 1
wherein each of said plurality of sound production algorithms,
Imparts a characteristic of a musical sound to said musical tone

signal.

3. An electronic musical instrument according-to claim 1
wherein said musical tone generating means consists of a physical

model tone generating device.

4. An electronic musical instrument according to claim 1
wherein said musical tone generating means consists of a digital

signal processor.
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production channel at each key-on or to previously store a plurality off
m-croprograns i n each sound channel. Since the mcroprogramas shown in
Fig. 10 is the mcroprogram corresponding to very a fundanmental circuit

construction as showmm in Fig. 9, it does not take long to supply this

m croprogramto the sound production channel at each key-on. However,

since the mcroprogram whi cgefgat®iod Yuel puseiesugde sound production
algrithmin the target non-el ectronic nusical instrunents

An electronic musical instrument of the present invention
provides a tone generator which includes an exciter generating an
excitation signal and a sound producer having an input apparatus
which produces a musical tone signal in response to the
excitation signal. The tone generator delays the musical tone
signal and feeds the musical tone signal back to the input
apparatus. Furthermore, the electronic musical instrument
provides a ﬁemory which stores a plurality of sound production
algorithms and an assignment designating apparatus which
designates oné of the plurality of sound production algorithms
and assigns the designated sound production algorithm to the
musical tone generator. Moreover, the tone generator further
includes the operation apparatus which performs the assigned
sound production algorithm on the musical tone signal. In
addition, the electronic musical instrument provides the

extractor which extracts the musical tone signal.
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consi'sts of a large nunber of data when it is supplied to the sound
productlon channel at each key-on, there is a drawback in that the key-on
response is reduced due to the linitation on the data.transmtting rate.
In the case where previously storing a plurality of mcroprogramin each
sound channel, there is a drawback in that the use efficency of nenory
becones | ower and the system becone expensive because great deal of nenory
i s necessary. Summary of the invention
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I n consideration. of the above, it is an object of the present invention
to, provide an el ectronic nusical instrument which is a capable of
efficiently using nmenory, and which is capable of producing the sounds of
a plurality of tone colors every key-on w thout reducing key-on response.
To satisfy this object, the present invention provides nusical tone
processi ng apparatus according to claiml1l and a nethod for

~~24

/ 23
ENTER

FIG.2
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-6 - . Accordlng to such a structure, when a perforner designates one
of -t he pIurallty of sound production al gorithms and assigns the
desi gnat ed sound production algorithmto the nusical tone generating

means usi ng the assignnent designating neans, the operation neans

"
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perforns the assigned sound production algorithmon the nusical tone

si gnal . Accordingly , the excitation neans generates the excitation
signal and the input neans produces the nusical tone signal in response
to the excitation signal and the sound produci ng nmeans del ays the nusical
tone signal and feeds the nusical tone signal back to the input neans.
Thus, the extracting neans extracts the nusi.cal tone signal.

NOTE ON PROCEDURE ;Bl

[ ]
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Accosdlng to the present invention, there I's the positive effect that

t he, vol une of the tone col or buffer menory of each of the sound
productlon channel can be mnim zed. Furthernore, there is the positive
effect that a systemhaving an efficient use of nenory can be constructed.
Moreover, there is the positive effect that the response to key-on is not
|l ess than in the conventional art. |In additional, there i's the positive

INOTE OFF PROCEDURE

S I e
WCH<—THE_NUMBER OF WID1 |/
CHANNEL. FOR THE DETECTED|

MIDI EVENT |
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effect' that the generation of the nusical forced tone that- is caused by
the.limted nunber of sound production channel can be prevented because
the order of priority of each of the tone <colors in each of the sound
production channels is prescribed. Brief Expl anation of
t he Draw ngs Fig. 1 shows a block diagramof the electrical’
structure of

PROCEDURE IN CORRECT ION )
WITH TONE COLOR .

{ Z

DESTGNATING TONE_ COLOR NUNBER AND THE
NUMBER OF SIMULTANEOUS SOUND PRODUCT(ON
CHANNEL FOR EACH MID! CHANNEL

)
WA=y} >
CHi?O | _—SD3

i

N<THE NUMBER OF THE SIMULTANEOUS SOUND
PRODUCTION CHANNEL ASSIGNED TO MIDI
CHANNEL MCH

TC<THE TONE COLOR NUMBER ASSIGNED TO
MIDI CHANNEL MCH

”SDS

|

SENDING A MICROPROGRAM TO CH CHANNEL
IN RESPONSE TO TC

e <
[Aic_{cH = WA SD6

SO7
| EH*—%H+] }——sD8

| NeN-1 J./*SDQ
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an Qrébtronic musi cal instrument based on the preferred enbodinment of the
present- i nventi on. 7

CH vs. NOTE NUMBER SET

N

TONE COLOR SET
CHANNEL=03
TONE = 02 : Grand Piano

FIG.8
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Fig. 2 shows an exanpl e of the external structure of the panel 21 of Fig.
1..° Fig. 3 is a flowchart show ng the main procedure routine of.
the CPU 18 based on the preferred enbodi nent of the present
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i nventi on. swbig. 4 1s a flow chart showi ng the note on procedure
routine of the cPU |8 based on the preferred enbodi mrent of the present
i nventi on. Fig. 5is a flowchart showing the note off procedure
routine of the CPU.18 based on the preferred enbodi nent-Of the present

I nventi on.
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TLir  tr32
TL2w tw33
TL2r tr33
| Nw iwl
INr ir
MR1w iw2
MRir ir2
MR2w w3
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sio  [Nw nop mr DE2
dr  MR2w smt t, TL1r, ci mr DE1
smi r, MR2r, ci
dr  MRlw ami r, INr ,cl
smt t, TL2r, c2
smi r,MR1r, c2 TLiw
ami r, INr ,c2
mut  TL1r, rl
TL2w mw DS
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nop mw. DS2 .
nop dw - so() OUTw
/end |
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Fig. 6 i$ a flow chart showing the procedure routine in connection with
the nqgte color of the CPU 18 based on the preferred enbodrrent—ef—the——-—

presefit ;i nventi on. Fig. 7 shows a display exanple of it REPbiEpiay 22.6f |
ig 2./ Fig. 8 shows another display exanple of the di spray 22 6f ]
.ﬁ.f- Fig. 9 shows a bl ock di agramof a structural ﬁxinphegp$mu@%? |
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Algorithm Selectable Function

Background of the Invention
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Field of the Invention . ) Iﬂﬂl

The present invention relates to electronic musical
- instruments, and more particularly, to electronic musical
instruments capable of simulating the sound of conventional

non-electronic musical instruments with high fidglity.

Prior Art

There is known’a conventional electronic musical instrument
comprising a PCM (Pulse Code Modulation) tone generating device
(hereafter referred to as a tone geherating device (1)) which
rgads pulse-code-modulated waveform data from a wavefofm.memory
based on a clock corresponding to MIDI (Musical Instrument
Digital Interface) data generateg in response to the operatioﬁ
of, for example, a keyboard by a performer. Such a conventional
electronic musical instrument comprises a plurality of sound
production channels, for example, 16 sound productioﬁ channels,
and each of these sound'production_chanpels 1n&ependehtiy
produces sound by means 6f timesharing in response to the above
MIDI data. For example, one sound production channel produces
sound with the tone color of a plano at one timing and another
séund production channel produces sound with the tone color of a

violin at another timing. e e N
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Ilnear.poLLLGn—e#—%he—ﬁhy3|cal nodel tone generating devi cerof—the—prior-
22l exanpl e of the m croprogram of t%é phy5|ca
ﬂVIce of Fig. 9. §
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(hereafter referred to as tone generating devices (2)) ‘are
conventionally known which synthesize tones which effectively
simulate the sound of a conventional non-electronic musical
instrument by simulating the sound production algorithm in the
target non-electronic instrument. .Such a device is disclosed in
US Patent No. 4,984,276.

One example of a liner portion of the above conventional
tone generating device (2) is shown in the block diagram of Fig.
9. In this figure, an input terminal 1 is provided, to which an
excitation signal waveform data made up of a large npmber of
different high frequency components such as an impulse waveform
is supplied. The excitation signal waveform data supplied vie
the input terminal 1 is supplied fo the closed loop cifcuit via
first input terminals of adders 2 and 3. The'adder 3 adds the
excitation signal waveform data and the output data read from an
input memory 5 (MEMORY 2) which delays an input data for the
desired time. The output data from the adder 3 is supplied to a
multiplier 6 which multiplies it by a multiplicative coefficient
C2. The output data from the multiplier 6 is suppliéd to a first
input terminal of an adder 8. The output data from the adder 8
is stored in a temporary memory 9 (TL2) and supplied to a
multiplier 11. The temporarf memory 9 delays an input_deta,
namely, the output data from the adder Sl for the desired time.
The multiplier 11 multiplies an 1nput'aata, namely, the output
data from the adder 8, by a multiplicative coefficient r2. The
data read from the temporary memory 9 is supplied to a multiplier
10. The multiplier 10 multiplies an input data, namely, the data
read from the temporary memory 9, by a multiplicative coefficient

1-C2. The output data from the multiplier 10 is supplied to a

___,,_/--

e v\u,n»f
{ &Abs rTLAL et



e S T 1 2

8 Det ai |l ed Description of the Preferred Enbodlmeq&s 8
Hereinafter, an explanation of the preferred enbodi nent of tﬁewpresent
invention is given by referring to the figures. Fig. 1 shoms a bIock
di agram of the structure of an el ectronic nusical :

3. .
second input terminal of the adder 8. The adder 8 adde the

output data .from the multiplier 6 and the output data from the
multiplier 10. Each of elements 8 through 10 described above
together form a low pass filter (LPF) 12. The output data from
the multiplier 11 is stored in an input memory 4 (MEMORY 1) which
delays 1t for the desired time. The data read from the input
memory 4 is supplied to a second input terminal of the adder 2.
The adder 2 adds the excitation signal waveform data and the

 data read from the input memory 4. The output data from the
adder 2 is supplied to a multiplier 7 which multiplies it by a
multiplicative coefficient C1. The outpum data from the

_ multiplier 7 is supplied to e first input terminal of an adder'
13. The output data from the adder 13 1s stored in a temporary
memory 14 (TL1) and supplied to a multiplier 16 The temporary

~ memory 14 delays an input data namely. the output data from the
edder 13, for the desired time. The multiplier-16 multiplies an
input data, namely, the output data from the adder 13, by a
mﬁltiplicative'coefficient rl. The data read from the temporary

 memory 14 is supplied to a multiplier 15. The multiplier.10
.mnltiplies an input data, namely, 'the data read from the
temporary memory 14 by a multiplicative coefficient 1-Cl. The
output data from the multiplier 15 is supplied to a second input

_ terminal of the adder 13 The adder 13 adds the output data from
the multiplier 7 and the output data from the multiplier 15.
Each of elements 13 through 15 described above together form a
low pass filter (LPF) 17. The output data from the multiplier 16
is stored in the input memory 5. The data read from the input
memory 5 is supplied to a second input terminal of the adder 3.

Because the above conventional tone generating device (2)
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i nstrument in accordance with the preferred enbodi nent of thp resénL 8
Invention. In this figure a central processing unit (CPY); LB WHITh——
controls all apparatuses, a ROM 19, which has stored vari gus q@@y{Q; -
prograns used in the CPU 18 and vari ous m cropr ogr ans Ioaded in the® &Y
herei nafter described tone generating -8ircuit 29 consistihg of-BSR.and a @ |
RAM and a RAM 20 are provided. Additionally, in the RAM.20, within j
which all types of registers, flags, and working buffets:are naintai-Aedm,, ;
for use wheonsists of a digital signal processor (DSP), it can synthesize B

‘v
&

various tones which effectively simulate the sound of
conventional non-electronic musical instruments by simulaﬁing the
various algorithms of sound production in the target non-
electronic instruments by changing the microprogram (for example,
see Fig. 10) used in the DSP. The above conventional tone
generating device (2) as shown in Fig. 9 is an example of a tone
'generatiﬁg device which synthesizes tone which effectively
siﬁulate the sound of a stringed instrument by simulating the
sound production algorithm in the stringed instrument. An
example of another type of tone generating device which
synthesizes tones which effectively simulate the sound of anothér
non-electronic musical instrﬁments, for example, wind |
1nstruments, by simulating the sound production algorlthm in the
target non-electronic musical instruments has been disclosed in
Japanese Patent Application Laid-open Publication No. 2- 280196

In the above conventional electronic musical instrument
cbmprising the above conventional tone generating device (1), a
téne color number as well as performance information such as tone
pitéh an& touch are supplied to the tone generating device (1)
every key-on. Accordingly, if a performer designates tone color
at each sound productions. each of the sound production channels
of the tone generating device (1) directly access the
corresponding area of the waveform memory and read waveform data
from it. Thus, as stated above, it is an easy matter for one
sound production channel to produce sound with the tone color of
a piano at one timing and to produce sound with the tone color of
a violin at the next'fiming by means of timesharing.

In contrast, in the above conventional electronic musical
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the CPU 18 carries out any type of procedure and MDI dataf ot §‘§

mai ntai ned for storing the M DI data. Furt her nor e, 'j MEY
panel 21 is provided, which consists of a display 22 such:

crystal display, ten keys 23, an enter key 24 for deS|gnathg f@n=f?f§f
exanpl e, the change of display or the ls-ke, cursor keys 25 for

desi gnating the novenent of cursors on the display 22 and: tf& Tikeas—

shown in Fig. 2. The panel 21 supplies information in respqnse to the
instrument comprising the above conventional tone generating

AU |
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device (2), in the case of changing tone color at each key-on,
there is a necessity either to supply a microprogram to the sound
production channel at each key-on or to previously store a
plurality of microprograms in each sound channel. Since the
microprogram as shown in Fig. 10 1s the microprogram
corresponding to very a fundamental circuit construction as shown
in Fig. 9, it does not take long to supply this microprogram to
the sound production chgnnel at each key-on. Howéver; since the
microprogram which accurateiy simulates the sound production
algorithm in the target non-electronic musicﬁl instruments
consists of a large number of data, when it is suﬁplied to the’
sound production channel at each key-on, there is a drawback in
that the key-on res?onse is reduced due to tﬁe'limitation on the
data transmitting fate. Iﬂz%he case’where pgeviously storing a
plurality of microprogram in each sound channel, there is a
drawback in that the use efficiency of memory becomes lower and
the system become expensive because great deal of memory is

necessary.

Summary of the invention

In consideration of the above, it is an oﬁjéct oflfhe
present invention to provide an electronic musical instrument
which is capable of efficiently using memory, and which is
cabable of producing the sounds of a plurality of tone colors
every key-on without reducing key-on response.

To satisfy this object. the present invention provides an

electronic musical instrument comprising tone generating means

U vareres _=_=‘=.—..~.—.=_._,__._.

This Sheet Has Been Replacetﬁ

HII!I lllllll Uis




Gberation of keys via a panel interface 26 and a system bus :
18. Moreover, in Fig. 1, a MDl interface 28 is provided.,
exchanges data such as M DI data via the MDl interface 28 ahd:

the syﬁggxﬁ
bus 27 with another electronic nusical instrunent or the Ilké LAGene
generating circuit 29 is provided, which §ynthe5|ze tones mh|ch e

ef fectivel ¥oRpPUsBRE érh%:&ﬁ‘%i‘?fn Wedds for generating an exciﬁation

PR

signal and sound producing means having input means for producing

iz R

a musical tone signal in response to the excitation signal,
delaying the musical tone signal and feeding the musical tone
signal back to the input means;

memory means for stqring a plurality of sound production
algorithms; .

assignment désignating means for deéignating one of fhe
plurality of sound production algorithms and assigning the
designated sound production algorithm to the musical tone
generating means, the tone generating means further comprising
operation means for perforllng the assigned sound productlon
algorithm on the musical tone signal; and

extracting means for extracting the musiéal tone signal.

According to such a strﬁcture; when a performer designétes
one of the plurality of soﬁnd produc%ion algoiithms and assigns
the designdted sound producfion algorithm to the musical tone
generating means using the assignment designating means, the
operation means performs'the assigned sound production algorithm
on the musical tone signal.

Accordingly, the excitation means generates the excitation
signal and the input means produces the musical tone signal in
response to the excitation signal.and the sound produciné means
delays the musical toné signai and feeds the musical tone signal
back to the input means. Thus, the exffacting means extracts the
musical tone signal.

According to the present invention, there is the positive
effect that the volume of the tone color buffer memory of each of

the sound production channel can be minimized. Furthermore,
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there 1s the positive effect that a system having an e;ficient
use of memory can be constructed. Moreover, there is the
positive effect that the response to key-on is not less than in
the conventional art. In additional, there is the positive
effect that the generatibn of the musical forced tone that is
caused by the limited number of sound production channel can be
prevented because the order of priority of each of the tone

colors in each of the sound production channels is prescribed.

Brief Explanation of the Drawings

Fig. 1 shows a block diagram of the electrical structure of

‘an electronic musical instrument based on the preferred

embodiment of the present invention.

Fig. 2 shows an exémple of the external structure of the

panel 21 of Fig. 1.

Fig. 3 is a flow chart showing the main procedure routine of
the CPU 18 based on the preferred embodiment of the present

invention.

Fig. 4 is a flow chart showing the note on procedure routiné
of the CPU 18 based on the preferred embodiment-of the present

invention.

Fig. 5 is a flow chart showlng the note off procedure
routine of the CPU 18 based on the preferred embodiment of the

present invention.

Fig. 6 is a flow chart showing the procedure routine in




guitar, and beat stringed instruments such as the piano by .simulating.the..
sound production algorithmin these. The tone generating cgr@ﬂht”?@”” Q“mﬁ
consists of a plurality of DSPs and a plurality of RAMs in: mhrth R
tenporarily store the various conputing data of the plurali Z Of - DSP&N
respectively. The set of DSP and RAM-8errespond to the hete fte '

descri bed sound production channels. A sound systen130 I S p OVIded

conprising  GIBId d @S withC th@hhSF'e adPlde Brachk UEPU it/ tm‘selausncahet one

preferred embodiment of the present invention.
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Fig. 7 shows a display example of the display 22 of Fig. 2.
Fig. 8 shows another display example of the display 22 of Fi;

Fig. 9 shows a block diagram of a structural example of the
linear portion of the physical model tone'generating device of

the prior art.

Fig. 10 shows an example of the microprogram of the physical

model tone generating device of Fig. 9.

Detailed Description of the Preferred Embodiments

Hereinafter, an explanaxion of the preferred embodiment of
"the present invention is given by referring to the figures. Fig.
1 shows a block diagram of the structure of an electronic musical
instrument in accordance with the preferred embodiment of the
nresent invention. In this figure, a centrel proceesing unit
(CPU) 18, which eontrols ail apparatuses, a ROM 19, which has
stored various control programs used in the CPU 18 and various
microprograms loaded in the hereinafter described tone generating
circuit 29 consisting of DSP and a RAM, and a RAM 20 are
provided. Additionally. in the RAM 20, within which all types of
registers, flags, and working buffers are maintained for use when
the CPU 18 carries out any type of procedure, and MIDI data
buffers are maintained for storing fhe MIDI data.

Furthermore, in Fig. 1, a panel 21 is provided, which

consists of a display 22 such as a liquid crystal display, ten
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si'gnal s suppkied fromthe tone: generating circuit 29. A sp@akeﬁ~“§@‘ NS
provi ded whixgh trar gJurallty of the nusical tone gnﬁf%wg ‘%%%b ‘
musi cal toné” gixekn e & “ Next the flow of operation of FtHe CPU. 18
in the el ectr|g _ |nstrunent of :the present inventig ivmik e 2y7
described w cill| o the flow chgrts of Figs. 3 throdgh 6.

When power is supplied to the device shown in Fig. 1, the Cﬁ U1-8~begrms—t o™
execut e-t he nain. procedure routi ne shown in Fig. ;

TR L T

keys 23, an enter key 24 for designating, for example. the change
of display or the like, cursor keys 25 for designating the
movement of cursors on the display 22 and the like as shown in
Fig. 2. The panel 21 supplies information in response to the
operation of keys via a panel interface 26 and a system bus 27 to
the CPU 18. _

Mofeover. in Fig. 1, a MIDI interface 28 is provided. The
CPU 18 exchanges data such as MIDI data via the MIDI interface 28
and the system bus 27 with,another electronic musical instrument
or the like. A tone generating circuit 29 is provided, which
synthesize tones which effectively simulate the sound of Wind.
instruments such as the clarinet, rubbed stringed instruments
such as the violin, plucked stringed instruments such as the
guitar, and beat Sfringed‘;nstruments such as. the piano by
simulating the sound’production.algorithm in these. The tone
generating circuit 29 consists_of a plurality of DSPs and a
plurality of RAMs in which temporarily store the various
computing data of the plurality of DSPs, respectively. The set
.of DSP and RAM-cbrrespénd to the'hereafter described sound
production channels. A sound systeﬁ 30 is provided comprising
amplifiers, etc., which amplify a plurality of musical tone
signals supplied from‘the tone generating circuit 29. A speaker
31 is provided which transduces a plurality of .the musical tone
signals to the musical fone and delivers.

Next the flow of operation of the 6?U 18 in the electronic
musical instrument of the present invention will be described
with reference to the flow charts of Figs. 3 through 6.

When power is supplied to the device shown in Fig. 1, the

CPU 18 begins to execute the mailn procedure routine shown in Fig.
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3 starting with step SAL. In step SAl, the initialization Ofal hopmies
apparatuses is carried out. This initialization consists Ofbih@~155%%#ﬁgﬁﬁ
of the initial tone color in the tone generating circuit 29,}and the :
clearing of the registers of RAM 20. Next, M DI |nterfaceg28 s dcanned |
ang the input state of MD data is detqﬁted instep SA2. ¢ ¢ .
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3 starting with step SAl. In step SAl, the initia¥

apparatuses is carried out. This initialization consists of the
setting of the initial tone color in the tone generating circuit
29, and the clearing of the registers of RAM 20. Next, MIDI
{nterface 28 is scanned and the input state of MIDI data is
detected in step SAZ.

. Next, in step SA3, judgment is made as to whether or not a
MIDI event based on the input state of MIDI data detected in the
MIDI scanning procedure of step SA2 exists. When the result of
the judgment in.SAS is [YES], the routine proceeds to step SA4.
In contrast, when the result of the judgment in step SA3 is [NO],
that is, when the MIDI event is not detected, the.routine-
proceeds to step SA8 described below.

In step SAA,Itpe values corresponding to. their respective

-detected states are stored iQ register EV, wh}ch temporarily

stores a note on event NON or a note off event NOFF, register NC,

. which temporarily stores note code NC, and in register NV, which

temporarily stores velocity.

Next, in step SAS5, judgment is made as to whether or not the
stored data in the register EV corresponds to a note on event
NON. - When the result of the judgment in SAS is [YES], the
routine proceeds to step SA6 and note on procedure (sdund
production procedure) is'carried out in step SA6. In dontrast,
when the result of the judgment in step SA5 is [NO], that is,
when the stored data in the register EV'corresponds to the note
off event NOFF, the routine proceeds to step SA7 and note off
procedure (sound silencing procedure) is carried out in step SAT7.
The sound production procedure and the sound silencing procedure

will be described below in detail. Next, when the sound
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carried out, the routine proceeds to step SAS8.

In step SA8, the panel 21 is scanned to detect the operation
state of the panel 21. Next, in step SA9, judgment is made as to
whether or not there exists a panel event based on the state of
panel 21 detected in the panel scanning procedure of step SAS.
When the result of the judgment in SA9 1s {YES], the routine
proceeds to step SA10. In contrast, when the result of the
Judgment in step SA9 is [NO], in other words, when the panel
event is not detected, the routine returns to step SA2.

In step SA10, judgment is made as to whether or not the
panel event detected in step SA8 is in connection with tone
color. When the result of the Judgmeﬁt in SA10 is [YES]}, the
routine proceeds td?step SAll and thg procedure in connection
with the tone color is carried out in step SA1l. In contrast,
when the result of the judgment in SA10 is [NO], namely, when the
panel efént detected in step SA8 is not in connection with tone
color, the routine proceeds to step SA12 and the procedures in
step SAlZ2 is éafriéd out. The procedures relating to the tone
color will be described below in detail. Next, when the
procedures relating to the tone color and other procedures have
been carried out, the routine returns to step SA2 and steps SA2
through SAl12 are repeatedly carried out until the power is turned
off. |

Next, the note on procedure of CPU 18 will be described with
reference to the flow chart in Fig. 4. When the routine proceeds
to step SA6 shown in Fig. 3, the CPU 18 begins to execute the
note on procedure routine shown in Fig. 4 starting with step SBl.

In step SB1, the number of the MIDI channel for which an event

i
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hbxt in step SA3, udgnent | S nade as to whether or not a DI _event
based on théhw ﬁ{ data detected in the M DI ngk“.wmﬂl,
procedure of S. v%en the result of the Judgnent‘inr' 1S

[ YES], the ro to step SAMA. In contrast, when the result of

t he j udgnment |n step SA3 is [NOJ. thak2-is, when the M DI event 7ot 1777

detected, the routine proceeds to step SA8 described below ; 4 . In step

SA4. the values corresponding to their respective : ”
was detected is stored in the register MCH. Next, in.step SB2,

"O0" is stored in a register CH, storing the number of the sound
production channel so as to search the state of all of the sound
production chanﬁels.

Next, in step SB3, "7FFF" ( maximum value in hexadecimals)
is stored in the register MIN so as to truncate the sound
production channel having the envelope vélue minimum when an open
sound production channel does not exist.

In step SB4, a judgment is made as to whether or not the
value in the register AMC[CH], in which what number MIDI channel
has been assigned for the sound production channgls set in
register CH is stored, is identical to the value set in regisfer
MCH. When the result of the judgment in SB4 is [YES], the
routine proceeds to step SBS. In contrast, when the result of
the Jjudgment in SB4 ‘is [NO] namely; when'thé value stored in the
register AMCI[CH] is not equal to the value stored in the register
MCH, the routine proceeds to step SB10 described below because
the sound production channel corresponding to the value stored in
the register AMC[CH] can not be assigned.

Next, in step SB5, judgment is made as to whether or not the
value stored in the register ST{CH] (ST is a state signal),
storing the state of the sound production channel corrgsponding.
to the number stored iﬁ.the register CH, equals- "0", namely,
whether or not this sound production channel is in a channel
standby state. When the result of the'judgment in SB5 is [NO},
the routine proceeds to step éBS. In contrast, when the result
of the judgment in SBS is [YES], in other words, when the value
stored in the register ST[CH] equals "0", the routine proceeds to

step SB14 described below because the open sound production

Tinn o
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Reflfceevent NOFF, register NC, which tenp
|n regi ster NV. which tenporarily st@res
tep SA5, judgnent is nmade as to whether F atgt «97

I'n register

EV. which tenporarily
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stored data I n the reglster EV corresponds to a note on ev nt
When the result of the judgnent in SA5133 [ YES],
step SA5 and note on procedure (sound

NON.

t he routlne%proceeds tTo

channel corresponding to the value stored in the register ST[CH]
exists.

In step SB6, the envelope value of the sound production
channel in the tone generating circuit 29 corresponding to the
number stored in the register CH is stored in the register ENV,.

Next, in step SB7. judgment is made as to whether or not the

' value stbred in the register ENV is smaller than the value stored

in the register MIN. When the result of the judgment in SB7 is

[YES], the routine proceeds to step SB8. In contrast, when the
result of the judgment in SB7 is [NO], that is, when the value
stored in the register ENV is equal to orllargef than the value
stored in the register MIN, the routine proceeds to step SB10O
described below.

In step SB8, the value stored in the register ENV is stored
in the register MIN. Next, in step SBQ, the value stored in the

register CH is stored in the register TCH. In step SB10, "1" is

added to the value stored in the register CH in order to search
the next sound.préduction channel. Next, in step SB1l, judgment
is made as to whether or not the new value stored in the register
CH is equal to the total numﬁer.of sound production channels
CHMAX (for example, 32). When the result of the judgment in SBl1
is [NO], the routine .returns to step SB4 and the above-mentioned
procedure is repesatedly carrled out un;il the value stored in the
register CH 1s equal to.fhe total numbér of sound production
channels. In contrast, when the result'bf the judgment in.SB1l
is [YES], that 1s, when the value stored in the register CH is
equal to the total number sound production channels, the routine
proceeds to step SB12.

In step SB12, the sound silencing procedure 1is carried out
It
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production procedure) is carried out in step SA6. |n contrast;—when.the. .
result of tThe judgment—Tmstep SA5 is [NJ, that is, mheng the . §ioted Qﬁya
in the regﬂﬁkﬂMmﬁakB&ﬁR@ﬁﬁamds to the note off event NOFF,} t{hé™ rGUTrneﬂ¢
proceeds to dhit m, "rote of f procedure (sound sil encﬂng pk ecedur, 2 i |

carried out The sound production procedure andfthe Jouh
silencing pr be descrlbﬁg bel ow in detail. hbwimmhen t.he. .|
sound production procedure or the sound sil encing procedurgmbgve been

carried out, the routine proceeds to step SAS. T

M..,__ﬂw_tn M

for silencing the sound of the sound production channel in the
tone generating circuit 29 corresponding to the number stored in
the register TCH. Next, in step SB13, thé value stored in the
register TCﬁ is stored in the register CH. Next, in step SB14,
"1" indicating the continuation state of sound producing based on
note on, is stored in the register ST(CH].

Inlstep SB15, the key code KC corresponding to the tone
pi;ch to be produced is stored in the register AKC[CH], storing a
key code KC in response to the sound production channel. Negt,
in step SB16, the note code NC, the velocity NV and the note on

"NON are supplied to the open sound production channel in the tone
generating circuit 29 corresponding to the number stored in the"
register Cﬁ, and the routine returns to step SA8 of the main
procedure routine éhown in Fig. 4.

~ Next, the note off procedure of the CPU 18 will be described
with reference to the flow éhart of Fig. 5. When the routine
proceeds to step SA7 shown in Fig. 3, the CPU 18 begins to .
execute the nofe off procedure routine shown in Fig. 5 starting
with step SCi1. .In stép SC1, the number of MIDI channels for
which a MIDI event was deteéted is stored in the register MCH.
Next, In step SC2, "0" is stored in register CH, storing the
number of sound production channels in order to search the state
of'all of the sound production cﬁannel.

Next, in step SC3, judgment is mad; as to whether or not the
value stored in the register AMC[CH] 1s”equa1 to the value stored
in the register MCH. When the result of the judgment in SC3 is
[YES], the routine proéeeds to step SC4. In contrast, when the
result of the judgment in SC3 i{s [NO], namely, when the value

stored in the register AMC[CH] does not equal the value stored in
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the register MCH, tbe routine proceeds to step SC5 described
below.

Next, 1n step SC4, judgment is made as to whether or not the
value stored in the register AKC{CH] 1is equal to the key code KC.
When the resuilt of the judgment in SC4 is [NO], the routine
proceeds to step SC5. In contrast, when the result of the
Judgment in SC4 is {YES], in other words, when the value stored
in the register AKC{CH] is equal to tﬁe key code kC, the routine
proceeds to step SC7 described below. _

In step SC5, 41“ is added to the value stored in the
register CH in oréér to search the next sound production channel.
Next, in step SC6, judgment is made as to whether or not the new
value stored in the, register CH is equal to the total number
soqnd production channels éﬁMAX (for. example, 32). When the
result of the judgmeht in sC6 is [NO}, the routine returns to
step 'SC3 and the above-mentioned procedure is repeatedly carried
out until the value stored - in the register CH is equal to the
number of all of sound production channel. In contrast, when the

result of the jﬁdgment in SC6 is [YES], that is, when the value

stored in the register CH is equal to the total number of sound

productioh channels, the routiﬁe returns to step SA8 of the main
procedure routine shown in Fig. 4. .

In step SC7, "0" indicating the channel standby state, is
stored in the register ST[CH]. 1In step SC8, "0" is stored in the
register AKC[CH]. Next, in step SC9, the note off NOFF is
supplied to the sound production channel in the tene generating
circuit 29 corresponding to the number storéd in the register CH,

and the routine returns to step SA8 of the main procedure routine
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In step SA8, the panel 21 is scanned to detect the operation, state of thﬁ
panel 21. Next, in step SA9, judgnent is made as to mhether*or not there™
exi sts a panel event based on the state of panel 21 detected Enf1$e o ;
scanni ng procedure of step SA8. Wien the result of the Judgnent in SAQ Is | f
[YES]. the routine proceeds to step SA10. In contrast, when the fesutt- e#l H
the judgnment in step SA9 is [NQ, in othér words, when the ‘panel..

Next, the procedure in connection with the tone color of the
CPU 18 will be described with reference to the flow chart in Fig.
6. When the routine proceeds to step SAll shown in Fig. 3, the
CPU 18 begins to execute the procedure in connection with the
tone color routine shown in Fig. 6 starting with step SDi1. 1In
step SD1, the mimber of sound production channel and the tone
color number for each MIDI channel is stered in the registers
based on the operation of the pgnel 21 by operator. Namely, when

_ the operator selects the number of the sound production channel
and the tone color number fof each MIDI channel using the ten
keys 23, the enter key 24 and the cursor keﬁ 25 of the panel 21
shown in Fig. 2, the CPU 18 stores the number of sound production
channel and the tone color number for each MIDI channel in the
correspoﬁding registers of the RAM 20. The CPU18 displays the . -
number of sound producfionchannel and the tone color number
selected for each MIDI channel on the display 22, as sﬁown, for
example, in Figs. 7 and 8; In the example shown in Fig. 7, 4
éound production channels are assigned to MIDI channel 0, 2 sound
production chanﬁels are assigned to MIDI channel 1; ..., and 4
sound production channels are gssigned to .MIDI channel 7. In the
example shown Iin Fig. 8, tone coler-corresponding to the tone
color number 02, that is, the tone color of a grand piano is
assigned to MIDI channel 3.

In step SD2, "0" is stored in the.register MCH in order to
decide the state of the sound productioh channel of each MIDI
channel for which the number of sound production channels and the
tone color number are selected by the operator. Next, in step
SD3, "0" is stored in register CH in order to decide the state of

all of the sound productioﬁ channels selected for the MIDI
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event i s—not—detected, the routine returns to step SA2. 1 Brstep; SALO,......,

j udgnent i ghgBGerASRdkORmieddher or not the panel event detectg A8 SAg T
is in conne * color. Wien the result of the Judgnent in SATO™-:
is [ YES], ﬁﬁjm UB!& E ceeds to step SAI'1l and the procedure /i "3 4Pz - ,@ﬂ? ;
connection color is carried7out in step SA1l. | kn_ contras |
when the result of the judgment in SAIO is [NQ, nanely, mhep the paneFWKWJ

event detected in step SA8 is not in connection with tone el :
channels. . ' T —

Next, in step SD4, the number of sound production channels
assigned to the MIDI channel corresponding to the number stored
in the register MCH, for example, 4 in case of MIDI channel 0, is
stored in the register N. In step SD5, the tone color number of
the sound production channel assigned té the MIDI channel
corresponding to the number stored in the register MCH, for
example, 02 In case of MIDI channel 3, is stored in the register
TC.

In step SD6, the microprogram corréspbnding to the tone
color number stored in the register TC, for example, the
microprogram of a violin, is supplied'to the sound producfion'
channel in the tone generating circu@t 29 corresponding to the
number stored in the register CH. Next, in step SD7, the value
stored in the-regigter MCH=1§ stored in the register AMC[CH], in
which is recorded what MIDI channel number is assigned for the
sound production channel stored in tlie register CH.

In step SD8, "1" is added to the value stored in.the
register CH in 6rder to decide the state of the next sound
productidn channel. Next, in step SD9, "1" is subtracted from
the value stored in the register N so as to decide the state of
the next sound production channel assigned to the same:MIDI
channel. In step SDlOi judgment is made as to -whether or not the
new value stored in the register N is equal to "0". When the
result of the Judgment in SDi10 is (NO].“the routine returns to
step SD6 and the above-mentioned procedure is repeatedly carried
out for all of the sound production channels assigned to the same
MIDI channel. In contrast, when the result of the judgment in

SD10 is {YES], that 1s, when the value stored in the register N
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color. the routine proceeds to step SA12 and the procedures i%
Is carried out, The procedures relating to the tone color wi lsbe.
described below in detail. Next, when the procedures. relatlng to the ™
tone col or and other procedures have been carried out, the routi{hé Teturns
to step SA2 and steps SA2 through SA12 are repeatedly carriediout until ;
t he power is turned Next, thel8ote on procedure of CPU 18 W1l bew- i

described with i

s,

i,

N

is equal to "0", the routine proceeds to step SD1l.

In step SD11, "1" 1s added to the value stored in the
register MCH in order to decide the state of the next MIDI
channel. Next, in step SD12, judgment is made as to whether or
not the new value stored In the register MCH is equal to "8".
When the result of the judgment in SD12 is [NO], the routine
returps to step SD4 and the above-mentioned procedure is
repeatedly carried out for ail MIDI channel. In contrast, when
the result of the judgmeﬁt in SD12 is [YES], that is, when .the
value stored in the register MCH 1s equal to "8", the routine.
returns to step SA2 of the main procedure routine shown in Fig.

- 4,

With the electronic musical 1n;trument;éf the embodiment of
the present invenfion as thus described above, a plurality of
tone colors are preaésigned to each of the éound production.
channels limited in number, a plurality of microprogram
corresponding to a plﬁralify of tone colors are presupplied to
'each of the sound production channels aséigned and sounds are
produced in the éssignea sound production channel in response to
the MIDI data. Accordingly, it is possible to minimize.the
volume of memory and construct a system having an efficienﬁ
utilization of memory.. Furthermore, response to a ke&¥on can be
carried out more quickly than in the conventional art. Moreover,
generation of a forced musical tone which 1s caused by the
limited number of the sound production channels can be prevented
because the order of priority of each of tﬁe tone colors in each

of the sound production channels is prescribed.

eet Has Been Replaced

"




reference to the flow chart, in Fig.4. Wen the routine procee é:J 5““
SA6 shan“rn~th~-3-Lhe_CPU 18 begins to execute the note on pweced&

routine: ﬁmmm" tarting with step SBl1. In step SBI, h}e
the M DI ' Hﬂ' h an event I

-19_ :;' T HN.‘"M“““«W.‘««;'

What 1s claimed isy

1. An electronic musical instrument comprising:

tone generating means comprising an excitation means for
generating an excitation signal and sound producing means having
input means for producing a musical tone signal in response to
said excitation signal, delaying said musical tone signal and
feeding said musical tone signa; back to said input means;

- memory means for storing a plurality’of sound production

algorithms;

assignment désignating means for designatiﬂg one of.said"
plurality.of sound production algorithms and asslgning said
designated sound production algorithm to said musical tone
generating means, saidltoné generatfng méan§ffurther comprising
operation means for performing sald assigned sound production
algorithm on said musical tone signal; and

extracting means for extracting said musical tone signal.

2. An electronic musical instrument according to claim 1
wherein each of said plurality of sound production algorithms,

imparts a characterisfic of a musical sound to said musical tone

signal.

3. An electronic musical instrument according-to claim 1
whereln said musical tone generating means consists of a physical

model tone generating device.

4. An electronic musical instrument according to claim 1

wherein sald musical tone generating means consists of a digital

signal processor.
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-12- was detected is stored in the register MCH  Next, /{ 'J'"s{-feprBZ
"O' is stored in a register CH storing the nunber of the sound{f« A0F {7 T
production channel so as to search the state of all of the sound ”“““
production channel s. Next, in step SB3. "7FFF" ( maxi rrum vglt:u%él n
hexadeci mal s) , 4 BTy
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funn CON

E NIC MUSICAL INSTRUMENT HAVI

ALGORITHM SELECTABLE FUNCTION
ABSTRACT OF THE DISCLOSURE

An electronic musical instrument of the invention of the present invention provides
a tone generator which includes an exciter generating an excitation signal and a sound
producer having an input apparatus which produces a musical tone signal in response to
the excitation signal. The tone generator delays the musical tone signal and feeds the
musical tone signal back to the input apparatus. Furthermore, the electronic m;lsical
instrument provides a memory which stores a plurality of sound. production algorithms
and an assignment designating apparatus which designates one of the plurality of sound
production algorithms and assigns the designated sound production algorithm to the
musical tone generator. Moreover, the tone generator further includes the operation
apparatus which performs the assigned sound production algorithm on the musical tone
s'ignal. In addition, .'the electronic musical instrument provides the extractor which

extracts the musical tone signal.

FIGURE 1.
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is stored in the register MN so as to truncate the sound producti on
channel having the envel ope val ue m ni nrum when an open sound prqd,by t,\I 9L
channel does not exi st. In step SB4, a judgnent is made a3 t@mw\ahe’e/fﬁféfr SHES
or not the value in the register AMCCH], in which what nunber; M DI s
channel has been assigned for the sound productlon channel s set *l ni?.3 £ibr 07
register CHis stored, is identical to the value set in regi stér (..MCH. L

Wien the result of the judgnment in SB4 is [1YES], t he f T
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routine proceeds to step SB5. In contrast, when the result of the

judgnent in SB4 is [NO . nanely, when the vaI ue stored in the register
AMC]CH] is not equal to the value stored in the register | AR, QUET e
proceeds to step SB10 descri bed bel ow because the sound p%ﬂﬁilbﬁ' é. nel

corresponding to the value stored in the register AMC] CH| 3can not be P

o Vmw

assi gned. Next, in step SB5, judgnment is made as td hetﬁe‘ne’r “het the
value stored in the register ST[CH (ST |% a state si gnalé) o _g
\/\N

o
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storlng thE”Tate of -t he, st d productlon channel corresponding to the

sound producti
of tre Judgne t :
contrast. mhen e result of the judgnent in SB5 is [ YES], E 6Lhér MﬁY@s
when the value stored in the register ST[CH equals "0", the[routlne

number st retﬁm;simﬁﬁsa‘ﬁb CH equals "0". nanely. whetfhgs pQF-NOL- tSt'E LS. T
| E ﬁ

proceeds to

in a channel standby state. V@eh_ the"reshl
the routine proceeds to st@p SB6. .In

step SB14 descri bed beIOW/Hbcause the open sound productiom ™

START SA|
—

INITIALIZATION
] _SA 2
MIDI SCAN

” MIDI EVENT <
EXISTS?
YES

EV<(NON/NOFF)
NC<—(NOTE CODE) |_—SAd
NV<—(VELOCITY)

e e L e S

NO
SA6 Se'(’

]

_J
NOTE ON PROCEDURE || {INOTE OFF PROCEDURE
T

-y

o}

PANEL SCAN |~ SA8

. i SAS
PANEL EVENT Yﬁ
EXISTS?  /
yYES : SAIO
PANEL EVENT IN CONNECT!ION'XNO |
WiTH TONE COLOR? SAI2
SAH ] YES i { )
N\ PROCEDURE IN [ OTHER PROCEDURE
CONNECTION WITH
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-13- channel corresponding to the value stored in the register ST[CH

.
m'en‘:u:ﬂd;ﬂ_au a
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NOTE ON PROCEDURE SBI
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i
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exi sts. In step SB6, the envel ope val ue of the sound productlon

channel in the tone generating circuit 29 corresponding to the] }.;1

stored in the register CHis stored in the register ENV. Next 1’ hu’"s’l‘ep ,, """ ,.*
SB7, judgnent is made as to whether or not the value stored n/t he~~ o
register ENV is smaller than the value stored in the registel f\/IN ;
the result of the judgnent in SB7 is [YES]. the routine procee’ds o stépv {
SB8. In contrast, when the — /

-5- ) S
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—

(NOTE: OFF PROCEDURE

1 _______ SCI
MCH<—THE_NUMBER OF WIDT |/
CHANNEL FOR' THE DETECTED

MIDI_ EVENT '
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SC3

YES

AKC{CH)=KC? . SCT
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e S R

(508 SCB~AKC (CH) <0
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T _
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result of the judgnent in SB7 is [NO. that is, when the val ue stor‘ed~¢m
the register ENV is equal to or larger than the value stored in the ~,~
register MN, the routine proceeds to step SB10 described bel ow. , Ln of
step SB8, the value stored in the register ENVis stored in the eguster
MN. Next, in step S9, the value stored in the register CHis stored in %oy
the regi ster TCH. In step SB10. "1" is added to the value stored tn the
register CHin order to search -6- Tnd

PROCEDURE IN CORRECTION

WiTH TONE COLOR SOI
] /
DESIGNATING TONE COLOR NUMBER AND THE
NUMBER OF SIMULTANEQUS SOUND PRODUCTIONY.
CHANNEL FOR EACH MIDI CHANNEL

[
WH—)  °02

1
CH0__}——SO3

f_SD4

B
N<THE NUMBER OF THE SIMULTANEOUS SOUND
PRODUCTION CHANNEL ASSIGNED TO MIDI
CHANNEL MCH

)
TC<THE TONE COLOR NUMBER ASSIGNED TO
MIDI CHANNEL MCH

. "Sp5

1

SENDING A MICROPROGRAM TO CH CHANNEL
IN RESPONSE TO TC

i <
[AMC TCR) =WcH ], SD6

So7
[ CH<CHil }——sD8

[N<N-T_}—SD9
_.NO N=07 Sl
YES
(WCH=—Wch+ —SoH!

SDI2
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t he next sound production channel. Next, in step SBll, judgnent is nade as
to whether or not the new value stored in the register CHis equal to the
total nunber of sound production channels. CHVAX (for exanpe, 32). Wen

the result of the judgment in SB11 is [NJ, the routine returns to Strepe...
SB4 and the above-nentioned procedure is repeatedly carried out untll the«
val ue stored in the register CHis equal to the total nunber of ound -

production. channels. In contrast, when he result of the Judg E[Wm ]
SBI | ‘ -'t 7

o P

~. .. i

22
f
CH vs. NOTE NUMBER SET .
ol l21314(5]6]7
412]5]212[31514
FIG.7
2
f

TONE COLOR SET
" CHANNEL =03
TONE = 02 : Grand Piano

FIG.8
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i's [YES], that is when the value stored in the register CHis -equal to the
total nunber sound production channels, the routine proceeq%"*%@ step SBlZ
In step S812. the sound sil encing procedure is carried outf i1 05,415(
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¥ .

-14- - for silencing the sound of the sound production channel in the
tone generating circuit 29 corresponding to the nunber stored in the
register TCH. Next, in step SB13. the value stored in the register TCHIis
gtored in the register CH Next, in step SB14, "1" indi catimg-the ..
continuation state of sound produci ng based on ’

e 2 A

i%Piﬂii’"g7

LI LRI o
<o 1 E"““ ot v o ey ;
; _ 9 ‘ Cosmmww |

[

: b i
/ins ; S
OUTw - tw32
oUTr tr32
TL1w tw32
TLTr tr32
TL2w tw33
TL?2r tr33
INw iwl
INr ird
MR1w iw2
MR1r ir2
MR2w iw3
MRZr ir3
/pro | |
sio  INw nop . mr DE2
dr  MR2w  smt t,TLir,cl’ ,mr DE{
smi r,MR2r,cl '
dr MRlw ami- r, INr , cl
| smt t, TL2r, c2
smi r,MRir, c2 TLiw
ami r, INr ,c2
mut TL1r, rl
TL2w mw DS
mut TL2r, r2 dw
nop mw- DS2 _
: .nop dw so( OUTw
/end ”
| - JlMPORARYII EXTERNxL OUTPl.ﬁ'
INPUT COMPUT ING TEMEMORY i
FIG.10 (PRIOR ART)
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note on, is stored in the register ST[CH. In step SB15, the key code

KC cOrresppnd] ng to the tone pitch to be produced is store
regi ster AKEL:
product i onije
and the notldl

Aol the

e Storin key code KC in response to the] s GG NT “;{{TT

mm ﬁlli n step SB16. the note code NE ’ﬁhie 'v:se1~e€4 3

' plied to the open sound producti on QhanneL in |

the tone generating ci rcuit 29 correspbhdi ng to the nunberl st orddi'n e
n;

register CH and the routine returns to step SA8 of the mai]

i

v e

Sovsron—crivanes.

Claims:

1. A musical tone procéssing apparatus comprising:
a plurality of tone generating means each including a plurality of sound
production channels for generating a musical tone generated by executing a
sound production program sequentially;
tone color designating means for designating tone colors of musical tones;
sound production channet designating means for designating at least one sound
production channel to produce each tone color designated by the tone color
designating means; and
sound production program supplying means for supplying sound production
programs to the sound production channels designated by the sound production
channel designating means wherein each program supplied corresponds the tone
color to be produced by the sound production channel designated.

2. A musical tone processing apparatus according to claim 1 wherein the sound
production programs comprise machine readable computer code.

3. A musical tone processing apparatus according to claim 1 wherein the tone
generating means comprises a digital signal processar.

4, A musical tone processing apparatus according to claim 1 wherein:
the tone generating means further comprises a piurality of MIDI channels
wherein each MID! channel comprises at least one of the sound production
channels.

S. A musical tone processing apparatus according to claim 4 wherein:
the sound production channel designating means designates at least one MIDI
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procedure routine shown in Fig. 4. Next, the note off procedure of

t’he cPU 1'8 'wi 1 L_be _described—with reference to t he fl dw: thart—ef—F-

Vihen the routi ne
to execute. the
step SC1. In ste
event was detected is stored in the regrster MCH. Next"

is stored in register CH storing the nunber of sound: E ~O1T
in order to Seagcqrpapp@ tgp@pgceatgne color designated by the tone ¢80r ges:gnatlngﬁgg&

10.

; RS
SEAFIRMLEIL - 25 o 27 gﬁncgea;
d | waiyC

Lt he rfunter of. DI channel s fcg

wherein at least one sound production channels in each desngnated ‘MIOT channgl™
is for producing the designated tone.

A musical tone processing apparatus according to claim 5 wherein:

the sound production program supplying means is for supplying a respective
sound production program corresponding to the designated tone color to each
sound production channel in each MIDI channel.

A musical tone processing apparatus according to claim 1 further comprising:
sound production designating means for designating the generation of a musical
tone by at least one sound production channel wherein the musical tone
generated has the tone color designated for each respective sound production
channel; énd

controlling means for controliing the respective sound production channel for
each sound production channel for which generation of a musical tone is
designated by the sound production designating means.

An electronic musical instrument according to claim 1 wherein each sound
production channei includes:

a data processing apparatus; and

an associated memory storage area wherein the program assigned to each
respective channel is stored in the associated memory storage area for that
channel.

An electronic musical instrument according to claim 8 further comprising a
random access memory area including plural memory storage areas including
the memory storage areas associated with each sound production channel.

A musical tone processing apparatus comprising:

storing means for storing a plurality of sound production programs in a
memory for synthesizing a designated musical tone by being executed
sequentially;

designating means for designating a sound production program to be provided to
a sound production channel:

retrieving means for retrieving from the memory the sound production
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of all of the sound production channel. Next, i ep-563;—j-udgnment

IS made as tQ.AAhEI-h-@-I’———G-F—ﬁG’fW val ue stored in the;r@éfrts‘tf‘éi*"cAK/(S’[EEﬂ is
e regi ster MCH. Wien thé résurt of T”hei

M| \“[L H‘I‘ltr“ routine proceeds to stfep SC4. mll p\,Gontr;ast
he? VaHue
kqual the val ?emr«:ee&wnw ek

equal to the va
j udgnment in SC3
when the resul

stored in the register AMJ CH does not2

11.

12.

!

x0T ¢t judgrmeht 1in SC3 is [NO, nanely; wher t

¥
3

program designated by the designating means ; e

providing means for providing the designated sound production program
designated by the designating means to the respective sound production channel
wherein the program is stored in a memory assigned to the sound production
channel.

A musicai tone processing apparatus according to claim 10

in which said designating means designates a tone color before designating a
sound production program; and

designates at least one sound production channel to produce the designated tone
color.

A musical tone processing apparatus according to claim 10 wherein:

the apparatus comprises a plurality of sound production channels; and

the number of sound production program stored in the memory is greater than
the number of sound production channels.

This Sheet Has Been Repl

[T

e e

THIS SHiTT HAS Bi

RUPLACED

BN

H
'
)




the register MCH, the routine proceeds to step SC5 described bel ow.
Next. i p, SCA, judgment is made as to whether or not the
o FER \4\ Oy .

&%

Pres

H
-l- | ;

ELECTRONIC MUSICAL INSTRUMENT HAVING
ALGORITHM SELECTABLE FUNCTION

‘Background of the Invention

Field of the Invention

The presant inveation relates to electronic musical
instruments. and more particularly, to electronic musical .
instruments capable of simulating the sound of conventional

non-electronic musical instruments with high fidelity.

Prior Art

There is known a conventional électrouic musical imstrument
ccaprising a PCM (Pulse Code Modulatiqn)- tone generating device
(hefeafter referred to as a .tone generating device (1)) which
reads pulse-codé-modulated -waveform. data from a waveform memory
based on a.-clock corresponding to MIDI (Musical Instrument
Digital .Interface) data generated.in'response to the operation
of, for example, a ‘keyboard by a performer. Such a conventional
electronic musical lrnstrument comprises a pluraliry of sound
production channels., for example: 16 sdund production channels,
and each of: these souna.productisn channéls fndepéndently

_prodtices sound by means of ctlmesharing: fn response to the above
MIDI data. For example, one sdund produccion‘channel produces
sound with the tone color of a piano-at one timing and-attother
sound production channel. produces sound with the toane color of.a
violi{n at another timing.

Furthermore. physlcal model tone generating devices



val ue stored in the register AKC[CH is equal to the key code KC. Wen the
result of the judgnent in SC4 is [NOQ. the routine proceeds to step SCS.

In contrast, when the result of the judgnent in SC4 is [YES],
wor ds, when the value stored in the register AKCJCH is equak
code KC, the routine proceeds to step SC7 described bel ow.
SC5, "1" is added to the value stored in the register CHin
search the next sound production channel .-2- A

(hereafter referred to as tone generating devicesi(2)).are |

conventionally known which synthesize tones which effectively
simulate the sound of a conventicnal non-electronic musical
instrument by simulating the sound production algorithm in the
target noun-electronic instrument. Such a device i{s disclosed in

US Patent No. 4,984,276 Or in EP-A-0 397 149.

One example of a liner portion of the above conventional
tone generating device (2) is shown in the block diagram of Fig.
8. 1In this figure, an input terminal 1 is provided, to which an
excitation signal waveform data made up of a large number of
different high frequency components such as an impulse waveform
is supplied. Thée¢ excitation signal waveform data supplied via
the input terminal 1 is supplied to the clesed lcop circuit via
first input terminals of. adders 2 and 3. The adder 3 adds the
excitation signal waveform data. and the output data read from an
input memory 5 (MEMORY 2) which.delays an input data for the
desired time. 'The output .data from. the adder 3 is supplied to a
multiplfier -6 ‘whith multiplies it by:a multiplicative coefficient
C2.. The output data-from the multiplier € is supplied to a first
input-terminal of an.adder 8. - THe.qutput data from the adder 8
is stored. in a tgﬁpbtany_mgmogy 8 (TL2) and supplied to a
'mulfinlier-ll. The- temporary.memory- 9 'delays an input data,
namely, the output 'data from.the adder 8, for the désired: time.
The multiplier 1l multiplies an input:.data, namely, the output
data from the’ adder 8, by a mu}tiblléative coefficient-r2. The
data read from the temporary memory S is supplied to a multiplier
10. The multipller 10 muiéiplibs an. input data., namely, the data:
read from the temporafy memory 9, by a mdl:lpilcative coeffiérgnt

1-C2. The .output data from the multipller 10 {s siupplled to a



Next, i®m step SC6, judgnent is nmade as to whether or not the new value
stored in the register CHis equal to the total nunber sound production
channel s CHVAX (for exanple. 32). Wen the result of the judgnment in SC6

is [NJ .

the routine returns to step SC3 and the above-nenti oned procedure

Is repeatedly carried but until the value stored in the register CHis
equal to the nunber of all of sound production channel. 1In contrast, when
the result of the judgnent in SC6 is [YE]],s that is, when the val ue

second input terminal of the adder 8. The adder & adds the
output data from the multiplier 6 and the output data from the
multiplier 10. Each of elements 8 through 10 described above
together form a low pass filter (LPF) 12. The output data from
the multiplier 11 is stored in an input memory 4 (MEMORY 1) which
delays it for the desired time. The data read from the input
memory 4 1ls supplied to a second input terminal of the adder 2.

The adder 2 adds the excitation signal waveform data and the

‘data read from the input memory 4. The output data from the

adder 2 is supplied to a multiplier 7 which multipligs it by a
multiplicative coefficient Cl1. The output data from the
multiplier 7 is supplied to a first input terminal of an adder
13. The cutput data from the adder 13 is stgred in a temporary
memory 14 (TLl) and supplied to a multiplier 16. The temporary
memory 14 delays an input data, namely. the output data from the
addér 13, for the desired ‘time. The multiplier 16 multiplies an
fnput data, namely, the output data from the adder 13, by a
multiplicative coefficient rl. The data read from the temporary
memory 14 is -supplied to-a multiplier 15. The multiplier 10
multiplies an‘iqput'da;a,.nahely.,the data read from .the

temporary. memory -14"by .2 multiplicative cuefficient .1-Cl. The

output data from the multipi;ef 15 is supplied to a second input

terminal of the -adder 13. The adder-13 adds the output data from
the multiplier..7. and the pﬁtpht data ' from the.multipltier 1S5.

Each of elements 13 through 15 “described.above together form a
low bass filter .(LEF) 17; “The output data .from the multlplier 16
is stored -in the ‘input memory.g; The data .read from the.}nput
memory 5 is supplied to a second fnput.terminal of the adder 3.

Because the abovée conventional tone generating device (2)



storeds n the register CHis equal to the total nunber of sound production
channels, the routine returns to step SA8 of the nmain procedure routine

?_
i

shown in Fig. 4. In step SC’/m" Q' indicating the channefﬁﬁg e

state, is stored in the register ST[CH. |In step SC8, " "WﬁgUstﬁ? d 9

the register AKCJCH . Next, in step SC9, the note off NCFF s suppl to;

t he sound production channel in the tone generating C|rcu|b 29g i ey
bod

corresponding to the number stored in thed-egister CH

consists of a digital signal processor (DSP), it can synthesize
various tones which effectively simulate the sound of
conventional non-electronic musical instruments by simulating the
various algorithms of sound prodgction in the target non-
electronic instruments by changing the microprogram (for example,
see Fig. 10) used in the DSP. The above conventional tone
generating device (2) as shown in Fig. 9 is an example of a tone
generating device which synthesizes toné which effectively
simulaié the sound of a stringed instrument_by simulating the
sound production algorithm in the stringed instrument. An
example of another type of tone éeﬁergting device which
synthesizes tones which effectively simulate the sound of another
non-electronic musical instruments for example, wind
lnsuruments. by simulating -the sound production algorithm in the
target non-electronlc musical instruments, has been dlsclosed in
Japanese Patent Applica?icn Laid-open Publication No: 2-280;96.

In ;hé above- conventidnal electfonic musiéal’instrumggt
.éémprisingjtﬁg'abéve'cbﬁveﬁt;énal:téne_tehéfa;ing devicé (1), 2
tone color number “as’ well as qufor@ancé'informatioh'such'as.tédé
bitch'an&‘tbucd‘gqé sgppiiga;rd the-.tone generating device (1)
every key-on. ;A;co%¢inglxi ig a.ngtformef'deSIQnates tone.coibr
’at_éach_sound;nrbductibnstJeaqh of'fhé'souqd production channels
of tne‘tone.keneratihé_diviqe (1) directly aécess the
corréspondﬁﬂé'aréé ot"the'wayefo;m membrf and;read Wévqfdrm data.
frqm.ifﬂ ' Thus, -as stated above, it Ls an easy matter for ane .
sound production charnel.té produce sound with- the tone-color of
a plano at.one timing and to produce  sound .witn the tone .colot . of
a .violin at the .next timing by means of timesharing.

In contrast, in the above conventional electronic musical



and the. routine returns to step SA8 of the main procedure routine shown in
Fig. 4. 16 -

instrument comprising the above conventiocnal tone generatiag
device (2)., in the case of changing tone color at each key-on,
there 1s a necessity either to supply a microprogram to the sound
production channel at each key-on or to previously store a
plurality of microprograms in each sound channel. Since the
microprogram as. shown in Fig. 10 is the microprogram
corresponding to very a fundamental circuit construction as shown
in Fig. 8, it does not take long to supply this microprogram to
‘the sound production channel at each key-on. However, since the
microprogram which accurately simulates the sound production
algorithm in thestarget non-electronic musical instruments
consists of a large number of data, when it is supplied to the
sound produetion channel at each key-on, there is a drawback in
that the key-on respoase is reduced due‘ro the limitation on the
data transmitting rate. -In.the-caSe.where.previously storing a2
plurality. of microprogram 1n each sound channel, there is.a

. drawback in that the use effiéienc&-of memory bBecomes lower and

tne system become expensive because great aeal of memory is
gecessary )

Summary of the invention.

In consideragfon: of .the.above. it.1s an’‘object of ‘the
present inventienﬁto p}ovide'enieieetéoﬂic.musical_;nstrumen:
which is capeble of efficientl?'ﬁslné-memdéy.'and'whfch'is
capable -of producing ‘tne sdunds of a’ plurality of tone cdlors

every key-on without reducing key-an. response.

To satisfy this objec;,'the present invention provides

musical tone processing apparatus according to claim 1 and a method for

processing a musical tone signal according to claim 12.



Next, t.he procedure in connection with the cone col or of the CPU 18 wi | |

be described with reference to the flowchart in Fig. 6. Mﬁqnthem,w} -
routine proceeds to step SAIL shown in Fig. 3. the CPU 18 b@ IARSIIEYT § o
execute the procedure in connection with the tone color rouT|n€“shown~wn !
Fig. 6 starting with step SDL. In step SD1, the nunber Isouﬂd;n,”m@ § i

e

i

P
SE N

2/ :
production channel and the cone ' col or nunber for each M_pl chantiet! 158 |

f
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stored in the registers
According to such a structure, when a performeri§§§T§ﬁaﬁé e
one of the plurality of sound production algorithms and assigns the
designated sound production algerithm to the musical tone generating
means using the assignment designating means, the cperation means
performs the assigned sound production algorithm cn the musical tcne
signal.
Accordingly , the excitation means generates the excitatiocn
signal and thefinput means prcduces the musical tone signal in
response to the excitation signal and the sound producing means
delays the musical tone signal and feeds the musical tone signal back

to the input means. Thus, the extracting means extracts the musical

tone signal.

According to the present invention, there is the positive
effect that the volume of the tone éolor‘buffer'memory of éach of the

sound production channel can be minimized. Furthermore,

there {s the positive effect that a system having an efficlent
use of memory can be constructed. Moreover, there is the
Positive effect that the response to key-on is not less than I(n
the conventional ert. ' In addi{tiocnal, there {s the ?ositive
effect that. the generation of the musical forced tone that is
caused by the limited number of sound production channel can be
prevented because the order of priority of each of the tone

colors in each of the sound producticn channels is prescribed.
Brief lanacion of the_Drawin s
Flg. 1 shows a block diagram'of the electrical sctructure of

an electronic musical fastrument based on the prefecred

embod{ment of the present inventtion.



based ;on the operation of the panel 21 by operator. Nanely, when the
operator selects the nunber of the sound producti on channel{ . and; zgw
col;or nunber for each M DI channel using the ten keys 23. Hhﬁmbﬁi Rey*24
and the cursor key 25 of the panel 21 shown in Fig. 2. the dPU 18 stores
t he nunber of sound production channel and the tone colorfnqnbéﬁ £0K eagh
M DI channel in the corresponding registers of the RAM 20.: :The CPULS8

di spl ays the nunber of sound productiofi ‘channel and the tdne “corornunber-

'Fig. 2 shows an example of tné external structure of the

p;ne1l21 of Fig. 1.

Fig. 3 is a'flow_chart.showing;the_main-procedure routine of.
the CPU.18 based on the préferred embodiment of thé present

invention.

Fig. 4.is -a- flow .chart showing-the note on procedure -routine
of the CPU"1B based on' the preferred "embodiment of the present

invention.

Fig..§ 15 a flow chart showing the note off procedure
routine.of';he‘CPU,ls based on ' the preterred embodiment.of the

present {nvention.

Flg. 6 is a flow chart showing the procedure routine in

connection with the note color of the éPU 18 based on the preferred
embodiment of the present invention.

Fig. 7 shows a display example of the display 22 of Fig. 2.

Fig. 8 shows another display example of the display 22 of
Fig.2.

Fig. 9 shows a block diagram of a structural example of the
linear portion of the physical'model tone generating device of the
prior art.

Fig. 10 shows an example of the microprogram of the

physical model tone generating device of Fig. 9.
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selected for each M DI channel on the display 22, as shown, for exanple,

in Figs. 7 and 8. In the exanple shown in Fig. 7. 4 sound producli.Qfmsss
channel s are assigned to M DI channel 0, 2 sound production chg@neﬁﬁﬁmmeéi
assigned to MDI channel 1. and 4 sound production channel s} a[evassrgﬁed”“

to MD 1| channel 7. In the exanple shown in Fig. 8 tone coI@r g 1l W8
corresponding to the tone color nunber 02, that is the tone: c@lor df“é §
grand piano is assigned to M D channel -8 - % | IR

%
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.Detailed Descriotion of the Preferred Embodiments

Hereinafter, an expiane@ion.of the preferred embodiment of
the present invention is:given 5} referring'to the figures.  Fig.
i_shows.a block diagram of the‘structure'of an.electronic musical

-instrument infaccordenoe-with;tne-nreferred.emnodiment'of the
-present invention. ‘In this‘figure a benxral procéssing unit
(CPU) 18 whicn controls all. apparatuses. a ROW 19 which has -
tored various control programs used in the CPU .18 and various
nmicroprograms loaded in the hereina‘ter described tone generating'
circnit 29 consisting of DSP’ and a” RAM - and a RAM 20~ are
provided Additionaily. in tne RAM 20 within which all types of
.registers flags and working buffers are- maintained for-use when
' the CPU 18- oarries out any- type of procedure. and MIDI data
-buffers are maintained for storing the MIDI data
Furthermore. in Fig ‘1, a panel 21 is provided which

consxsts of a display 22 -such as a liquid crystal display.-ten
keys 23, an enter key 24 for designating. for examnie. the change

of display or the like, cursor keys 25 for designating the
movement of cursors on the display 22 and the 1like as .shown in
‘Fig. 2. The panel 21 supplies information in response to the
operation of keys via a panel interface 26 and a system bus 27 to
the CPU 18.
.Moreover, in Fig. 1, a MIDI interface 28 is provided. The

CPU 18 exchanges date such as MIDI data via the MIDI interface 28
-and the system bus 27 with another electronic musical instrument
. or the like. A tone generating circuit 29 is provided, which

synthesize tones which effectively simulate the sound of wind




In step SD2, "0" 1is stored in the register MCH in order to decide the
state of the sound production channel of each M DI channel for which the
nunber of sound production channels and the tone color nunber are selected
by the operator. Next, in step SD3. "0" is stored i n[Teglster CHrm
to decide the state of all of the sound production channéﬁ@”seﬂéct

the M Dl :

- NE VY anmey 7
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instruments such as the clarinet, rubbed stringed instruments
such as the violin, plucked stringed instruments such as the
guitar, and peat stringed instruments such as the pianoc by
simulating the soupd production algoritnm in these. The tone
generating circuit. 29 consists of a-plurality cf DSPs and a
plurality of RAMs in which temporarily store the various
computing data of the plunality of DSPs. respectively. The set
of DSP- and;RAM correspond "to. the hereafter described sound
production channels A sound system 30-15 provided comprising
.amplifiers._etc.. which amplify a plurality of musical tone
signals supplied’ from the ‘tone. generating circuit 29. A speaker
31 is provided which transduces:e p‘drality <of. the musical tone
signals to :the musical:‘tone and; delivers '

. Next the flow of operation of the CPU. 18" An t&e electronic
musical instrument. of -the present invention wiXl be described
with refeéeﬁce 6, the flow_charts of Figs. 3 through. 6.

When power 1S supplied to the device shown in Fig. 1, the.
CPU 18 begins To execute -the main .procedure routine shown in Fig.

Jd starting witn step SAL. In step SAl, the ioitialization of z2ll
apparatuses is carried out. This initialization consists of the
_setting of the initial tone color in the tone generating circuit
29, and the clearing of the registers of RAM 20. Next, MIDI

interface 28 is scanned and the input state of MIDI data is

detected in step SA2.



17  channel s. Next, in step SD4, the nunber of sound production
channel s assigned to the MD channel corresponding to the number stored W
in the register MCH, for exanple. 4 in case of M DI channen Q%phg ;

-10 -

Next, in step SA3, judgment is made as to whether or not a
MIDI event based on the input state of MIDI data detected in the
MIDI scanning procedure of step SA2 exists. When the result of
the judgment in SA3 is [YES], the routine proceeds to step SA4.
In.cﬁntrast. when the result of the judgment in step SA3 is [NO].
that is, when the MIDI event is not detected. the routine
proceeds t;.stgp SA8 described below.

In step SA4. the values corfésponding to their respective
detected states*are‘storedlin register EV, which temporafily
stores é,hote on evep;;NON or a note off event NdFF..register NC,

.. which temporarily stdres.note'codé NC. ghd'in.%eg;ster NV, which
temporarily stores velocity |

"Next, in step SAS, judgment is made as to whether or ‘not the
stored data In_the.regis;e;.sv-cqrresponds to alno;e on event
NON. .When.the result of thé'judg@éﬁf.in SAS is,[YES], the
routine pfoéeedé'to step SAS and ndté'dn:broceduré (SOund
production-procedure) is: carrred-out i step SA6. In contrast.
when the result of the Judgment 1n step §as is [NO]. that 18,
when the stored data in the'register EV corresponds to the note,
gff event NQFE{ the ;outingrprggeeds-tg step SA7 angnot;;off
procedure (sound"silencing,proquure)?is,éafried'out.in‘step SAT.
The sound production procedure and the sgﬂnd-silenciné procedure

will ‘be described below in detafl. Next. when the sound
production procedure or the sound silencing procedure have been

carried out, the routine proceeds to step SAS.



stored:in the register N. In step SD5. the tone col or nunber of t he
sound production channel assigned to the M D channel correspondi ng to
t hesnunber stored in the register MCH, for exanple. 02-in case of MD

channel 3.

is stored in the register TC. In step SD6. the

m croprogram corresponding to the tone color nunber stored in the réglster
TC. for exanple, the mcroprogramof a violin, is supplied to the sound

producti on

-11-

In step SA8. the panel 21 is scanned to detect the operation
state of the panel 21. Next, in step SA9, judgment is made as to
whether or not there exists a panel event based on the state of
panel 21 detected in the panel scanning procedure of step SAS.
When the result of the judgment in SA9 is [YES]. the routine
proceeds to step SAlL0. In contrast, when the result of the
Judgment in step SA9 is [NOl, in other words, when the panel
event is not detected the routine returns to step SA2.

In step SAl0, judgment is made as to whether or not the
panel event detected in step SA8 is in connection with tone
color. When the result of the judgment in sa10 is (YES].
routine proceeds to step SAll and the procedure in connection
with the tone color is carried out in step SAll. In contrast,
when “the- result of the Judgment in SAlO is [NO]. namely. when the
panel event detected in- step SAS is not in connection with tone

color. the routine proceeds to step SA12 and the procedures in

stép- sn;z is carried out. - The procedures relating to the tone.

color-will bé described below fin- detail- Next. when the

procedures relatinz .To the tone color and‘other procedures have

been carried out, tne routine returns 'to step SAZ and steps: SA2

through SAl2 are- repeatedly czrried sut untiI the power’ is turned
o{f.
Next.. the note ‘on procedure of 'CPY 18. will be described With

reference tod the flow. chart.in Fiz. 4; .When tne routine_ProceEds

to step SA6 shown in Fig. 3-=‘Q9 CPU 18 begins. to execute the

note On:Précedure-routine shown 1nfE1;. 4 startinz with step SBl.

In'stepnsslf'the number of the MIDI channel for which an event



channel =in the tone generating circuit 29 corresponding to the nunber
stored in the register CH Next, in step SD7, the val ue stored inthe

regisster MCH is stored in the register AMCJCH], in which Ls;reoggdg@ g@@dl
M DI channel nunber is assigned for the sound production channel. sfored-
the register CH, In step SD8. "I" is added to the vakue stored in the'

register CHin order to decide the state of the next sound| prod%emqbnwa

channel . Next, in step SD9, "1" is subtrdéted from the v@lg§m§ggﬁggngmé
the register N so as to decide the state of !

i
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was detected is stored in the register MCH. «Next, in step S$SB2,

"0" is stored in a register CH, storing the number of the sound

production channel so as to search the state of all of the sound
production channels.

Next, in step SB3. "TFFF" ( maximum value in hexadecimals)
is stored in the register MIN so as to truncate the sound
production channel having the envelope value minimum when an open
sound production channel does not exist.

In step SB4, a judgment is-made as to whether or not the
value in tne register AMC{CH], in which what number MIDI channel
has been assigned for the sound production channels set in
register CH is stored is identical to the value set in register
MCH. When the result of the judgment in SB4 is (YES]. the
routine proceeds .to step SBS. In contrast when the result of
the judgment in SB4 is {VO]._namer. when the value stored in the:
register AMC[CHI i$ not equal to the value stored in the register
MCH the outine proceeds to step salo described below because
the sound production channel corresponding to the value- stored in
the register AMC[CH] can not ‘be assizned o

Next in step SBS judgment 1s made as o whether or not the
value stored in the register ST(CH] (ST. is a state signal).
storing the state of tﬁe sound production channel corresponding
to tne number stored in the register CH equals "o . namely,
whether or ‘not this sound production channel is in a channel.
standby state: When the result ‘of; tne Judgment in SBS ‘is [NO].
the routine proceeds to step SBS. In contrast ~when the result
of the Judgment 1n SB5 - is [YES] 1n other words. when the value

.stored in the regiSter ST[CH] equals 0”. the routine.proceeds to

‘step ° ;314 descrlbed below becatse the ‘open sound production




the next sound production channel assigned to the sane. M D channel. In
step SD10,

t he:regi ster

i's [NO].

judgnent is nade as to whether or not the newqal-ue.stored.in..

Nis equal to "0". When the result of the jugHagEimr SE&O*

P "

the routine returns to step SD6 and the above- ntroned“proced re!
I's repeatedly carried out for all of t he sound product|g§ chanpals sme ﬁ
assigned to the same M DI channel: ' In.contrast, when the resuf ¢ -of the
judgrment in S10 is [YES], that is, when 13he val ue stored i B LhehregLster N

;
4
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channel corresponding to the value stored in the register ST(CH]
exists.

In step SB6, the envelope value of the sound production
channel in the tone generating circuit 29 corresponding to the
number stored in the register CH is stored in the register ENV.
Next, in step SB7. judgment is made as to whether or not the
value stored in the register ENV is smaller than the value stored
in tne register MIN. When the result of the judgment in SB7 is
[YES]. the routine proceeds to step SB8. In contrast, when the
result of the judgment in SB% is [NQ], that is, when the value
stored in the register ENV is equal to or larger than the value
stored in the register MIN, the routine proceeds to step SB1lO
described pelow.

In step SB8, the value stored in.the_register ENV is stored
in the register MIN. ‘Next.i;n step SBS, the value stored in the
register éH is stored in the register T?ﬁ. In step SB10, "1™ is
édded.to'the_value.stored infthe.rezister CH-in ordér to search
the next"sound production channél " Next. in step SBl1, judément
is made as to whether or not the new value stored in -the register
CH is equal to the total number of- sound production channels
CHMAX (for example 32) When the. result of the judgment in SBll
‘15 [NOI. the routine returns to step SB4 and the above-mentioned
procedure is’ repeatedly carried out until the value stored in the
_register CH is equal to the total number-of sound production
channels -In contrast., wnen the result of the judgment in SB11l
is [YES] that 1s "when the value stored 1n the register CK is
equal to- the tétal number sound production channels the routine
_proceeds to_step SB12.

-;n step .SB12, the sound silencing procedure (s carried out
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for silencing the sound of the sound productlon'channel in the
tone generating circuit 29 corresponding to the number stored in
the register TCH. Next, in step SB13. the value sctored in the
register TCH is stored in the register CH. Next. in step SBl4.

*1l" indicating the continuation state of sound producing based on

‘note on, Ls stored in the register ST{CH].

In step $815. the key code KC corresponding to the tone
pitch to be produced is stored'in the register AKC[CH], storing a

key code KC in response to the sound production channel. Next,

in step SB16., the note code NC, the velocity NV and the note on

NON are supnlied to the open sound production channel dn the tone
generating circuft 29 correspond;ng to tne number stored in the
register CH and the routine returns_to step SA8 of the main
procedure routine shown in Fig. 4.

Next. the note off procedure‘of the CPU 18 will ‘be described
with .reference to-the'flow cnart of fig.zs. When the routine
proceeds to step SaT shown in Fxg. 3. the CPU 18 begins to
execute the .note off procedure routine shown in Fig. § startinz
with step SCl._ In step.SCl. the number of MIDI channels for

which a MIDI event was detected is stored in the register MCH

-Next in step scz ’0" 1s stored in register CH storing tne

_number of sound production cnannels in order to search the state

‘of all of the sound production channel.

Next 1n step SCS judgment 1s made -as to whether or not the.

value stored in the rezister AMC[CH] is equal to the value stored

in the regrster MCH . When the result of the judgment in SC3 is

[YES] the routine proceeds to step SC4 In contrast, wnen tne

_result of the Judgment 1n SC3 1s [NO]. namely. when the value

stored in the register AMC[CH] does not .equal the value stored in




Is equal to "0", the routine proceeds to step SD11. Jn.step SD11, "1"
i s- added to the value stored in the register MCH in or der medee?ﬂb t@gwwm
state of the next M DI channel. Next, in step SD12, Judgﬁene~%s nade astto;
whet her or not the new value stored in the register MCH is;equal to "8".:
When the result of the judgment in SD12 is [NJ, the routiné terutheamo |
step SD4 and t he above-nenti oned procedure is repeatedly w[rled out fo@
all MDI channel. In contrast, when -15- : T e—
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the cegister MCH, the routine proceeds to step SC3 described
below.

| Next. in step SC4, judgment is made as to whether or not the
value stored in the register AKC(CH] is equal to the key code KC.
When the result of the judgment in SC4 is [NO], the routine
proceeds to step SCS. 1In contrast, when the result of the
judgment in SC4 is [YES]., in other words, when the value stored
in the register AKC[CH] is equal to the key code KC, the routine
proceeds to step SC7 described below.

In step SC5, "1" is added to the value stored in the
register CH in order to search the next sound production channel.
Next, in step SC&, Jjudgment is made as to whether or not the new
value stored in the register CH is equal to the total number
-sound production channels CHMAX (for example 32). When tne
result of the judgment in SCB is [NO], the routine returns to
step SCS and the above-mentioned procedure is repeatedly carried
out until the value stored.in the’ register CH 1is equal to the
number of all of sound production channel In contrast, when the
result of the judzment in scs is [YES]. that is when the value
stored in the register CE is: equal to the total number of sound
production channels.athe routine .returns to step SAs of the main

iprocedure routine shown.in Fig. 4.,.

' In step SC?.."Q indicating the channel standby state. is
stored in the register ST[CH] In step scs -"0" is stored in the.
rezister AKC[CKJ Next in step SCS the note off NOFF is
supplied to the sound production channel in the tone generating
'circuit 29 corresponding to the number stored in tne register CH.

and the routine returns to step SA8 of the main procedure routine

shown_in Fig. 4.



freosen
the result of the judgnent in SD12 is [YES], that is, mhen’tﬁéﬁﬁv kqg.‘”
stored in the register MCHis equal to "8", the routine etﬂTns~{£L3Légl
SA2 of the nmain procedure routine shown in Fig. 4. {Wit h, ghe g
el ectronic nusical instrument of the enbodi nent of the present théﬁT%pné
as thus described above, a plurality of tone colors are préaSSIQned to ;
each of the sound production channels limted in nunber, xa pIurallty of-!

m cropr ogr am - 16 -

Next. the procedure in connection with the caone coler of the
CPU 18 will be described with reference to the flow chart in Fig.
6. When the routine proceeds to step SAll shown in Fig. 3. the
CPU 18 begins to execute the procedure ia cgoanection with che
tone color routine shown in Fig. 6 starting wicth step SDL. In
step SD1, the number of scund production channel and the tone
color anumber for each MIDI channel is stored in the registers
oased on the operation of the panel 21 by operazor. ‘Namely, when
the oﬁerauor selects the number of the sound production channel
~and the tone color number for each MIDI channel using t&e ten
keys 23, the enter key 24 and the cursor key 25 of the panel 21
shown in sz. 2,7the CPU 18 scores the number of sound production
channel and the tone color number for each MIDI ‘chapnel in the
corresponding refiscers of the RAM 20. The CPU18 displays the
oumber of sound production channel and tne tone color number
selected for each-MIDI channel on the display 22, as shown, for
example. in Figs. 7.and 8. In the etample shown in Fif: 7. 4
sound production channels are assigned to MIDI channel 0, 2 sound
production cﬁannels are assizned to MIDI channel 1...... and 4.
sound production channels are, assigned to MIDI -channel 7. In the
example shown 1n Fig 8 tone-color corresponding to the tone

color numbet 02 that Ls the tone color of 2 grand piano is

wssigned o Minl dhasnel 3, <
- In step SDZ "0 is stored in the :egister MCH in order. to
decide the: state of the sound production channel of each MIDI
channel tot whlch thc number of sound production channels and the
tone cclor number are selec:ed by the opera:or. cht Ln step
SD3, "0~ is- stored in rezis:er CH 1n order to declde “the state of

all of the spund production- channels selected for the MIDI



corresponding to a plurality of tone colors are presupplied to each of the
sound production channel s assigned and sounds are produced in the assigned
sound production channel in response to the MDH data. Acqoggéﬂg4ym it is
possible to mnimze the volunme of nmenory and construct a syété JEHV#ﬁQIaﬂ .....
efficient wutilization of memory. Furthernore, response tO;& key‘oﬁweaﬁ”ﬁé Y
carried out nore quickly than in the conventional art. NbreqveF9 e ; ;

generation of a forced nusical tone whichlls caused by the] | Ve g [/
g MMMMMW' [

L I

e,

._M,M“-- ;
channels. e}

Next, in step SD4, the number of sound production chaanels
assigned to the MIDI channel corresponding to the number stored
in the register MCH, for example, 4 in case of MIDI channel 0, is
stored in the register N. In step SDS. the tone color number of
the sound production channel assigned to the MIDI channel
corresponding to the number stored in the register MCH. for
example. 02 in case of MIDI channel 3, is stored in the register
TC.

In step SD6. the microprogram corresponding to the tone
color number stored in the register TC; for example, the
microprogram of a violin, is supplied to'the sound production
channel in the tone generating circuit 29 corresponding to the
number stored in the register CH Next, in step SD7, the value
stored in the register MCH is stored in the register ‘AMC(CH],
which is recorded what MIDI channel number is assigned for the
saund production channel stored in the rerister CH.

- . In step SD8.  "1" is: added to the value stored in the
register CH in order to decide the state of the next sound
production channel ) Next -in. step SD9 "L" is‘subtracted from-
the - value stored in the register N so as to decide the state of

: the next sound production channel assigned to the same. MIDI
éhannel “In’ Step SDlO Judgment is made as to whether or not .the
New value stored in tne :egister N is egual to "0". When the
result Of the JUdEment‘in SDlQ is [NO] ‘the routine returns to
step SDé and the above-mentioned procedure is repeatedly carried
out. for all of. the sound‘nroduction channels assigned to the same.

MIDI .channel. In contrast when the result of the Judgment in .

SD10 “{s (YES]. that is, when the value stored in the register N
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| im-ted nunmber of the sound production channels can be pre¢eﬁtﬁub»becau :
t he ofder of priority of each of the tone colors in each bfrThe~soundmh_ :
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is equal to "0", the routine proceeds to step SDIL.

In step SD11, "1" is added to the value stored in the
register MCH in order tc decide the state of the next MIDI
channel. Next, in step SD12, judgment is made as to whether or
not the new value stored in the register MCH is equal to "8".
When the result of the judgment in SD12 is [NO], the routine
returns to step SD4 and the above-mentioned procedure is
repeatedly carried out for all MIDI channel. In contrast, when
the result of the judgment in SD12 is [YES}, that is, when the
value stored in the register MCH is‘equal to "8", the routine
returns to step 5A2 of the main procedure routine shown in Fig.
4. |

With the electronic musical instrument of the embodiment of
the‘nresent invention as thus described above, ‘a2 plurality of
tone colors-are preassigned to each of the sound production
channels limited in humber. a nlurality of microprogram
corresponding to a plurality of -tone colors are presupplied to
each of the sound- production channels assigned and- sounds are
produced in’ the assigned sound production channel in response to’
the MIDI data._ Accordingiy. it is. possible to minimize the

-~

volume of memory and constrUct a system having an efficient

- -

utilization of. memory._ Furthermore, response to a. key—on can be

carried out more quickly than in the conventional art Moreover,
generation of a forced musical tone which is caused by the

limited number of the sound production channels .can be -prevented
because the order of priority of each of the tone colors in each

of the sound production channels Is prescribed



CLAI N5. 1. A nusi cal tone processing apparatus conpri Ssing:
tone generating nmeans (29) including a plurality of sound production
channel s each of which generates a nusical tone signal by executi-
production program stored therein: storing neans;(lé*
storing a M4ﬁ%ﬂ%4jkfﬁ—$ﬁﬂﬂd—ﬁfOdUCtIOn progr ans:

R ) III] BT

CLAIMS

1. A musical tone processing apparatus comprising:
Jone generating means (29) including a plurality of sound production
channels each of which generates a musical tone signal by executing a sound
Production program stored therein; .

storing means (18) for storing a plurality of sound production
programs;

designating means (21; SAS to SA11, SD1) for designating one out of the
plurality of sound production programs, to be provided to at least one of the
plurality of sound production channels, before the at least one sound production -
channel executes a sound production program,

providing means (18; SD4 to SD6) for retrieving the designated sound
production program from the storing means and for providing it to the at least

one sound production channel, wherein the designated program is stored in the

at least one sound production channel.

2. The musical tone processing apparatus according to claim 1, wherein the sound
production programs comprise machine readable computer code.

3. The musical tone processing apparatus according to claim 1, wherein the tone
generating means comprises a digital signal processor.

4. The musical tone processing apparatus according to claim 1, wherein
the tone generating means {29), connected to a plurality of MIDI

each of the plurality of MIDI channels corrggpg_nds tq_aj_lgas_lwg_r_,\,e___,g*(_v_m_e_
plurality of sound production channels.




desi g.nati ng neans (21; SA9 to SAl1l, SD1) for designating one out of the

plurality of sound production prograns, to be provided to_at least .one-gf

t he.

stored in the

nmusi cal tone processing apparatus according to claiml, wher-ei-n--t-he-sound

orowscno. AV Sos5 5 72,2 S0vg Phe”ticst dnar v e

producti on pfogra
| east one sound production channel - 2Qherein the des

of —sound production channel s, before |t hergnrhgastSidhe
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th f Foni t He storing neans _and for providiing it "ti’b‘""t‘t'fe'%itf3

at | east one sound production channel: 2. The

production prograns conprise nmachi ne readabl e conput er code. 3. The
nmusi cal- tone processing apparatus according to claiml, wherein the tone

5.

The musical tone processing apparatus according to claim 4, wherein

IS

.each of the piyrality of MIDI channels corresponds !0 a tone color;

the designating means_designates the tone color (TC in SDS)

corresponding to one out of the plurality of sound production programs and the

gumber (N in SD4) of at least one of the plurality of sound production channels

corresponding to one of the piurality of MIDI channels which corresponds to the
esignated tone color; and
_ the at least one out of the plurality of sound production channels
generates musical tone signals of the (one same) tone color.

The musical tone processing apparatus according to claim §, wherein
the designating means designates one out of the plurality of sound

production programs for each sound production channel corresponding to each
of the plurality of MIDI channels; and

the providing means provides the one sound production program to each

sound production channel corresponding to each of the piurality of MIDi

channels.

The musical tone processing apparatus according to claim 1, further
comprising: - '

performance data providing means 428)', corresponding to a plurality of
MIDI! channels, for providing performance data, designaling the generation of a
musical tone signal, to one of the plurality of sound production channels via one
of the plurality of MIDI channels;

wherein the one of the plurality of sound production channels generates
the musical tone signal by executing a sound production program stored therein
based on the provided performance data.

The musical jone processing apparatus according to claim 1, wherein each
sound production channel includes:
a data processing apparatus; and

i gnat.ed..pogr.ami s |

i
:

!
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generating means conprises a digital signal processor. 4. The rmS| cal

t one processing apparatus according to claim1, wherein - ol e
tone generati nq means (29) connected to a plurality of MD [—:..__GLAC ”H“ MF

sed |

channel s( 28; of Fig. 7), generates nusical tone{sl’gnals based !
on perf, Fm VI ded via the plurality of M DI (;hannpz;sg b -V 5 ] %

i

each of the channel s corresponds to at |east ione of the

plurality of sound product [ on channel s. = «%~ i b e
{ e e

O

an associated memory storage area wherein the program assigned to each
respective channel is stored in the associated memory storage area for that

channel.
9. The musical tone processing apparatus according to claim 8, further

comprising a random access memary area including piural memory storage
areas including the memory storage areas associated with each sound production
channel.

10. JThe musical tone processing apparatus according to claim 1, wherein the

number of the piurality of sound production programs stored in the storing
means is greater than the number of the plurality of sound production channels.

11.  Jhe musical tone processing apparatus according to claim 1, wherein at least
two of the plurality of sound production channels each include an excitation
means (1) for generating an excitation signal and sound production means (4qt9w -

17) having input means (2, 3) for producing a musical tone signal in response

to_the excitation signal, delaying the musical tone signal and feeding the musical

tone signal back to the input means,

12. A method for processing a musical tone signal comprising:
previousiy storing (19) a plurality of sound production programs;
synthesizing (29) a musical tone signal in each of a plurality of sound.
praoduction channeis (29) by executing a sound production program_stored
therein, which corresponds to one of the plurality of sound production

Drograms;_
designating (21; SA9 to SA11, SD1) one out of the plurality of sound

praduction _programs, to be provided to at least one of the plurality of sound
production channels, before the at least one sound production channel executes a
sound production program; .

providing (18; SD4 10 SD6) the designated sound producnon program to
the at least one sound production channel, wherein the designated program is
stored in the at least one sound production channel.

13. The method according to claim 12, wherein the‘ number of the plurality of




-20 - - 5. The nusical tone processing apparatus according to claim
4,- wherein each of the plurality of M DI channejqrqorrje‘s_ﬁends -~
to.a tone colqr: t he designating nmeans desi gnat%s N Re0 5 v

color (TC in SD5 ding to one out of the pluralfity 6’f““"“s“otmd
production progr IHMﬁﬂHﬂﬁﬂmr L Do1o N oo

sound production programs previously stored is greater than the number of the

plurality of sound production channels._




nunber, (N in SD4) of at |east one of the plurality of sound prod.ucu O

channel s corresponding to one of the plurality of M DI c;:ha[];k[hl‘ e R s
corresponds to the desi gnated tone color; and a 4 A A | A
| east one out of the plurality of sound productlon channel s * ge%r%gs
nmusi cal tone signals of the (one sane) tone col or. 6. The hu5| é{I‘” tone .
processi ng apparatus according to claim4p_wherein R W I o T~ B

desi gnati ng neans desi gnates one out of t e plurality of sound

production prograns for each sound -roductlon channel corresp@nd1ngth CECH
of the plurality of M HLECERGNIC MY I RVINGvi di ng neans
provi des the one sound productlon progranlto each sound production
channel correspondlng to eALD A channel s.

An electronic musical instrument of the invention of the present invention provides
a tone generator which includes an exciter generating an excitation signal and a sound
producer having an i;lput apparatus which produces a musical tone signal in response to
the excitation signal. The tone generator delays the musical tone signal and feeds the
musical tone signal back to the input apparatus. Furthermore, the electronic musical
instrument provides a memory which stores a plurality of sound production algorithms
and an assignment designating apparatus which designates on; of the plurality of sound
production algorithms and assigns the designated sound production algorithm to the
musical tone generator. Moreover, the tone generator further includes the operation
apparatus which performs the assigned sound production algorithm on the musical tone
signal. In addition, the electronic musical instrument provides the extractor which

extracts the musical tone signal.

FIGURE 1.



7. " Fhe nusical tone processi ng apparatus according to claim 1, further

conpri si ng: performance data providing neans (28)....
corresponding to a plurality of M DI channel s, for prbviding:
performance data, designating the generation of a ﬁUSECQFHF@ﬁe o i
signal, to one of the plurality of sound production channels Vig one.. ... | ¥
of the plurality of MDI channels: - wherein theohne of “Mhe 770 % }
plurality of sound production channel s géﬂé?ates thelnmusical tone...! ;
signal by executing a sound production program stored therein based
on the provided perfornmance data. 8. The nusi cal tone proecessi-Rg- s mmwm—
apparatus according to claim1l, wherein each sound production
channel incl udes: a data processing apparatus; and
M
R\jh
Q
/1)
nwv
4
A&
D 2
e e
o wH3
Z22c
Ou.la
-o —{
O i
v B
Q\—-n -JU
<
O oo
fro—
=
)
Lu -y
_= ...
o {aE - L
T =
=




-21 - - an associ ated nenory storage area wherein the program
assigned to each respective channel is stored in the,.associ.ated
menmory storage area for that channel . .
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9. The nusical tone processing apparatus according to claim 8, further
conprising a random access nenory area including plural nenory-sterage..._ _
areas including the menory storage areas associated with eachygéunﬁﬂahju ggg;,
producti on channel . 10. The nusical tone proceSS|nq aﬁﬁé?arus
according to claim1, wherein the nunber of the pIurallty o5 squn q
production prograns stored in the storing means i s greater f rian® {he
number of the plurality of sound producttdm channels. 11. ; The-musi.cal .
tone processing apparatus according to claim1, wherein at Iéast two
of the plurality of sound production channels each include an &Xxcitat+on.
means (1) for generating an excitation signal and sound production neans (4

et

to : 17) having i nput -aQ§]R$ ) for producing a nusical tone signal
in response _ to the ex |gﬁmﬂsAdelay|ng t he nusi cal tone
signal and feeding the nu |NrT|ALlZATION
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tone-shgnal back to the input neans. 1 2. A nmethod for processing a

nmusi cal tone signal conprising: previ ously storlng (19) a
plurality of sound production prograns; synt hesj z&ng;@?gTﬁa“a~fky
nmusi cal tone signal in each of a plurality of sound prde Anl f

channel s (29) by executing a sound production program stored | ; !
therein, which corresponds to one of the plurality of sound QroduCt)@@ won |
progr amns; designating (2t4SA9 to SAll, SDl)‘one out of the f
plurality of sound production prograns to be provided it o atteast-——-
one of the plurality of sound production channels, beflore_the at

| east one sound production channel executes a sound productlon T '
program providing (18; SD4 to SD6) the designated sound

production programto
] NOTE ON PROCEDURE SBI

?
MCH<—CHANNEL NUMBAR OF M!DI
CHANNEL WHERE MIDI EVENT DETECTED

Y

MIN—{FFFH |——SB3

4-

N0/ AMC[CH] SB4
N\ _MCH?
SB5S VYES
STICH}=07) 7HIES
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S8l T 3
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TERMINATING THE SOUND PR
OF TCH CHANNEL OCESSING
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t he at 1 east one sound production channel, wherein the designated program
IS~ stored in the at |east one sound production channel. p-.l.3,
met hod according to claim 12, wherein the nunber of the plurali Bgp;
-22 -

NOTE OFF PROCEDURE

!
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sound pToductlon prograns previously stored is greater than the nunber of

the pIurallty of sound production channels. P
g r{LPgl[Jr‘l /q- s
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