N - - Ires copw

NG | | arezees-o
-1 -
| . —_—
- BEEN |
THIS SHE ET HAS - ELECTRONIC MUSICAL INSTRUMENT This Sheet Has Been R,

REPLACED

L i I Iﬂ!

' BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electronic musical
instrument which is suitable for synthesizing a desirable
‘musical tone by combining plural sounds.

Prior Art | |

Recently, there are develbped several Kinds of .
electronic musical instruments each of which activates a
simulation model of a tone-generation mechanism of a non-
electronic musical instrument sb as to synthesize its musical
tone. Such music synthesis technique ié disclosed in théﬂ-
papers such as U.S. Patent Nos. 4,984,276 and 4,130,043.
Herein, there is disclosed an electronic musical instrument
which simulates a tone-generation mechanism of the wind .
ihstrument such'as the clarinet. In addition, the above-
‘mentioned papers also disclose about the electronic musical
instruments which simulate tone-generation mechanisms of the
string-plucking-tjpe instrument such as the guitar and
string~striking—type instrument such as the piano.

Meanwhile, currently produced electronic musical
instrument may provide plural FM sound sources called
"operators”. By arbitrarily combining'some of these
operators, a desirable musical tone is to be synthesized. In
addition. the above-mentioned electronic musical instrument
broviﬁes a liquid crystal display (i.e., "LCD") which
displays the combining state or conneéting manner of these

operators. This combining state of the operators is called
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"algorithm” which is an important element for determining the
tone color of the musical tdne to be generated. By use of
this algorithm, the user of this electronic musical
instrument can acknowledge the physical combination of the
sound sources. Therefore, by changing the contents of this
algorithm, it is possible to carry out the sound synthesis or
sound composition with ease.

When applying the abové-mentioned function to the
conventional electronic musical instrument which simulates
the tone-generation mechanism of the nén-electronic musical
instrument, it is possible to carry out the varied sound
synthesis by arbitrarily combining some of the tone-
generation mechanisms of the non-electronic musical
instruments. However, when using the different musical
.inétrument to be simulated, such electronic musical
instrument must fequire.completely_different tone-generation
algorithm of its operation parameters. For this reason, when
carrying out the sound synthesis by freely using several
kinds of the tone-generation mechanisms, it is required for
the user to have the expert knowledge concefning the tone-
generation mechanism of the insfrument itself to be
simulated. This is difficult for the non-professional user
who does not have the expert knowledge about the musical
instrument, because such user cannot figure out the setting
manner of the algorithm_or operation parameters. Thus, there
is a problem in that the sound synthesis is very difficult

for the users.
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It is accordingly a primary object of the present
invention to provlde an electronic musical mstrument whlch
can carry out the sound synthesis by freely using several
kinds of the tone-generation mechanisms of the non-electronia
musical instruments with ease.

The invention is defined by the appended independent claim 1, with advantageous
embodlment given by the dependent clalms
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BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention
will be apparent from the following description, reference
_being had to the accompanying drawings wherein.the preferred
embodiment of the present invention is clearly shown.

In the drawings: .

'Figﬂ 1 is a block diagram showing the whole
configuration of an electronic musical.instrument‘according
to an embodiment of the present invention;

Fig. 2 is a block diagram showing a detailed
configuration of a sound source shown in Fig. 1;

Fig. 3 is a system diagram showing a connection manner
of DSPs used in the sound source shown in Fig. 2; '

Fig. 4 is a flowchart showing a main routine of an
operation of the present embodiment to be executed;

Fig. 5 is a flowchart showing an algorithm selection
routine; _

Fig. 8 is a flowchart showing a device selection
routine;

Fig. 7 illustrates an example of a screen image of an
initial menu which is displayed by the present embodiment
when the aigorithm 5election routine is started;

Fig. 8 illustrates an example of a screen image for the
device selection to be displayed when the device selection -
routine is started;

Fig. 9 is a flowchart showing a parameter setting

routine;
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Figs. 10 to 13 are drawings each illustrating an example
of a screen image to be displayed when the parameter setting
routine is executéd} |

Fig. 14 is a flowchart showing a play routine;

Fig. 15 is a flowchart showing a sub-routine of the play
routine which is used for explajning a drive pprtion control
routine, a fone-generation portion control routine and a
resonance-radiation portion control routine to be .executed
‘during execution of the play routine;

Fig. 16 shows a conceptual configﬁration of internal
registers of each DSP; and

Fig. 17 is a flowchart showing a preset call routine.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, description will be given with respect to an
embodiment of the pre;ent invention by referring to the
drawings.

[A] Configuration

Fig. 1 is a block .diagram showing the whole
configuration of an electronic musical instrument according
to an embodiment of the present invention. Imn Fig. 1, 1
designates a control portion which controls several portions
of this instrument in real-time manner. This control portion
1 consists of a central processing unit (CPU) la, a program
read-only memory (ROM) 1b, a data ROM 1lc and a work random-
access memory (RAM) 1d. The CPU l1la up-loads programs réad
from the program ROM 1b, and then it executes  the loaded
programs so as to control several portions. In the present

specification, its operations will be described later. In



addition to several kinds of control programs to be used by
the CPU 1la, the program ROM 1b memorizes other kinds of
micro-programs to be loaded to the digital signal processor
(DSP), which operation will bé described later. Further, the
data ROM lc stores data tables which are used for the data
conversion. Furthermore, the work RAM 1d is used as the work
area of the CPU 1la, so that:it tempofarily stores several
kinds of data. Meanwhilé. 2 designates a performance input
device which contains performance input elements such as the
keyboard and wheel so as to create performance information
corresponding to the operation to be made the:etd by the
performer. 1In addition, 3 designates several kinds of-
control elements such as the slide volume-controls and ke&
switches which are arranged on the control panel (not shown).
Fufther, 4 designates_a_display unit which is configured as
the LCD and the like, so that it is designed to display the
contents of several kinds of data given from the foregoing
control portion 1.

5 designates a sound source which simulates the tone-
generation mechanism of the non-electronic musical
instrument, e.g., wind instrument such as the clarinet,
string-bowing-type instrument such as the wviolin, string;
Plucking-type instrument such as the guitar and string-
striking-type instrument such as the piano. This sound
source 5 contains a drive unit 6, a tone-generation unit 7
and a resonance-radiation unit 8. Each of them is configured
‘by "DSP" and "RAM", wherein "RAM" temporarily stores several
kinds of operation data of "DSP". Inciden;ally,

configuration and operation of these units 6-8 will be



described lafer. Meanwhile, 9 designates a digital-to—anglog
converter which converts the digital musical tone signal
outputted from the sound source 3 into the corresponding
_analog signél. Further; 10 designates a sound system which
generates a musical tone corresponding to the musical tone
- signal supplied thereto. Furthermore, 11 designates a
pointing device-made'by the mouse—tyﬁe device and the like.
This pointing device 11 is ﬁsed to poiht out the
predetermined position in the display area of the display
unit 4.

Next, detailed description will be given with respect to
the above-mentioned sound source 5 by referring to Figs. 2
and 3. Fig. 2 is a block diagram showing a functional
configuration of the sound source 5, wherein parts
cofresponding to those shown in Fig. 1 will be designated by
the same numerals. In Fig. 2, CT designates a control table
to be set in the predetermined memory area of the foreéoing
data ROM lc. This control table CT is used to convert the
performance information, supplied thereto via the CPU 1la,
into sound source parameters. The drive unit 6 generates an
excitation signél corresponding to the instrument to be .
simulated, and this excitation signal is supplied to the .
tone~generation unit 7. This excitation_signal corresponds
to the energy which is required for the tone generation. For
example, when this drivg unit 6 is designed to simulate the
wind instrument such as the clarinet, this excitation signal
corresponds to the blowing pressure or Embousure. In drive
unit 6; 8a-designates a drive DSP which embodies the function

of the drive.unit 6. This drive DSP 6a is supplied with



micro-programs corresponding to the operation manner of the
instrument to be simulated. Thus, the drive DSP 6a creates
the excitation-signal corresponding to the sound source
parameters to be set to its internal registers Ri1-R4. In the
drive unit 6, two filters 8b, 6b are respectively provided on
the output line and feedback line coupled to the tone-~
generation unit 7. Each of these filters is provided for
avoiding an anomalous osciliation of the signal passing
therethrough at the specific frequency. Herein, filter
coefficients of these filters, i.e., tﬁeir frequency
characteristics are controlled by the drive DSP 8a. Further,
two buffers 6c, 6¢c shape waveforms of the stereo musical tone
signal (i.e., "Lout” and "Rout" signals) outputted from the
drive DSP 6a.

The tone-generation unit 7 corresponds to the vibration
source of the instrument to be simulated, which consists of a
tone-generation DSP 7a, filters 7b, 7b, and buffers 7c¢, Tc.
The tone-generation DSP 7a is supplied with the micro-
programs-which correspond to the operation manner of the
instrument to be simulated. Further, it oscillates the
excitation signal in response to the sound source parameters
set to the internal registers R1-R4. The filters 7b, 7b are
designed to simulate the frequency characteristic
corresponding to the case where the musical tone sounded from
the tone-generation portion of the actual instrument is
transmitted toward the resonance-radiation portion or it is
refleéted by the resonance-radiation portion and then
returned back to'the tone-generation portion.

The resonance-radiation portion 8 embodies the resonance



and radiation characteristics of the instrument to be

simulated, which consists of a resonance-radiation DSP 8a and
buffers-Sb. 8b. This resonance-radiation DSP 8a is supplied
with the micro—prégrams correéponding to the operation manner
of the instrument to be simulated. Further, it simulates the
resonance-radiation characteristic corresponding to the sound
source parameters set to the internal registers R1-R4.

Next, detailed description will be given with respect to
configurations of the internal registers R1-R4 provided in
each of the DSPs Sé. 7a, 8a by referriﬁg to Fig. 18. 1In Fig.
16, 40-42 designate internal register portions of the drive
DSP 6a, tone-generation DSP 7a and resonance-radiation DSP 8a
respectively. Each of these internal register portions 40-42
.is divided into four registers R1-R4, each of which is set
with control parameter CP, control device CD and control
table CT. This control parameter CP is the data which
designates the operation of the instrument to be simulated.
For example, when the drive DSP 8a is designed to simulate
the string-bowing-type instrument such as the violin, data
representing the bowing veloéity is set to CP(11l) and data
representing the bowing pressure is set to CP(125. On thé
other hand, the control device CD indicates the number of the
performance input element by which the performance
information is supplied to No.s (where s= 1-4) register of
each DSP. The control table CT is used to carry out the
"scaling” on the performance information supplied from the
perfofmance input element designated by the control device
data CD.

In the sound source 5 which is configured as described
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above, the excitation signal outputted from the drive unit 6
is subject to the oscillation in the tone-generation unit 7,
and the oscillated signal is supplied to the resonance-
radiation unit 8. In this resonance-radiation unit 8 which
simulates the reflection terminal of the actual instrﬁment.
the oscillated signal is converted into the feedback signal
which is then returned to the unit 6 via the unit 7. In the
above-mentioned circulating'of the signal, the musical tone
signal is to be formed. Thfé:ﬁuSical tone signal is
outputted from the output terminals Loﬁt,-Rout of ‘each of the
| DSPs Ba, 7a, 8a. Then, all of the musical tone signals are
- added and mixed together in mixers 13, and consequently it is
possible to output the musical tone signal having the '
stereophonic cOmponents. |

Next, Fig. 3 is a system diagram for explaining the data
communication to be performed among the DSPs. Each of the
DSPs 6a, 7a, 8a has the communication port having four
channels by which 4-channel communication is carried out in
time sharing manner. As shown in Fig. 3, the data
communication is made in the predetermined order from "slot
1" to "slot 4" in time sharing manner. At first timing
corresponding to siot 1, the excitation signal outputted from
"DSP6a(0OUTI)" is supplied to "DSP7a(INJ)" via a mixer 15,
while the oscillated signal islsupplied to "DSP7a(INK)" from
"DSP7a(0UTJ)".

At next timing of slot 2, the foregoing feedback signal
from-"DSPSa(FBOK)" is supplied to "DSP7a(FBJ)" via the mixer
15, while it is returned from "DSP7a(FBOJ)" to "DSP6a(FBI)".

Thus, the signal circulating is made in the closed-loop.
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Such signal circulation is made at timings of slots 3 and 4.
At timing of slot 3, the musical tone signal

corresponding to thé stefeophonic left-channel component is

outputted from "DSP6a(Lout)”, and it is inputted into

"DSP7a(Lin)" via the mixer 15. Then, it is supplied from

 "DSPTa(Lout)" to "DSP8a(Lin)".  Thereafter, the final musical

tone signal is outputted from "DSP8a(Lout)". In this
process, the DSP 7a adds thé signal oscillated therein to the
input signal, while the DSP 8a adds the signal oscillated
therein to the output signal of DSP 7a; Thus, function of
the foregoing mixer 13 can be achieved. At next slot 4, as
similar to siot 3, the musical tone signal corresponding to
the stereophonic right-channel component is to be formed.
[B] Operation

Next, description will be given with respect to the
operation of the present embodiment by refer%ing to Figs. 4
to 17. First, when the power is on in the electronic musical
instrument according to the present embodiment, main routine
as shown in Fig. 4 is activated, so that processing of the
CPU 1la proceeds to step SAl. In step SAl, several kinds of
registers are reset, so that initialization is carried out.
In next step SA2, the CPU la inputs switch setting
information for the mode designation switch which is
contained in the foregoing control elements 3 in order to
designate the operation modelof the present electronic
musical instruhent. As the operation modes, there are
provided "play mode"” (i.e., mode 0) wherein the performance
operation is made, "algorithm selection mode" (i.e., mode 1)

wherein the tone-generation algorithm of the sound source 5
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is selected, "device selection mode" (i.e., mode 2) wherein
the device for carrying out the performance operation is
selected and "paraméter setting mode” (i.e., mode 3) wherein
the sound source parameters are set.

In next step SA3, the processing is delivered to one of
steps SA4-SA7 in response to the operation mode corresponding
to the setting manner (i.e., modes 0-3) of the above-
mentioned mode designation éwitch. More specifically, the
processing proceeds to step SA4 when "mode 1" is designated,
while the processing proceeds to step éAS-When "mode 2" is
designated. 1In addition, the processing proceeds to step SA6
when "mode 3" is designated, while the processing proceeds to
step SA7 when "mode 0" is designated.

Next, description will be given with respect to the
operation of the present embodiment in each mode.

® Algorithm Selectién Mode _

When the mode designation switch is set at mode 1, the
processing proceeds to step SA4 in accordance with the
judgement result of step SA3, so that algorithm selection
routine is to be activated. When the algorithm selection.
routine is started, algorithm display program (not shown) is
executed, so that the display unit 4 will display an image of
- the initial menu as shown in Fig. 7.

This.initial menu is a graphic image of the foregoing
algorithm of the sound source 5. Hereinafter, description-
will be given with respect to this initial menu. In Fig. 7,
20 deéignates a sound source algorithm display portion which
represents the operation manner of the sound source 5. This

portion 20 displays the micro-programs by which the drive
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unit 6, tone-generation uﬁit 7 and resonance-radiation unit 8
are respectively operated in form of "icon". This "icon"
illustrates phe opefation manner of the instrument to be
simulated by each of the units 6 to 8.. In the present
example, icon of drive portion i representing the operation
of the drive unit 6 illustrates "string-striking 1" wherein
the hammer strikes the string; icon of tone-generation
portion j representing the oﬁeration of tﬁe tone-generation
unit 7 illustrates "l-hole tube”; and iéon of resonance-
radiation portion k represenfing the oﬁeration of -the
resonance-radiation unit 8 illustrates "tapered tube”. As
each of the above-mentioned drive po;tion i, tone-genera@}on
portion j and resonance-radiation portion k, it is possible
to select desirable icon by the process of the algorithm
selection routine which will Be described later. More
specifically, it is possible to select one of icons i-1 to i-
5 for the drive portion i, icons j-1 to j-5 for the tone-
generation portion j and icons k-1 to k-5 for the resonance-
radiation portion k.

Next, description will be given with respect to the
algorithm selection routine by which desirable icon is
selected so as to set the desirable tone-generation algorithm
of the sound source 5 by referring to Fig. 5. First, when
the display operation of the foregoing initial menu is
completed, the processing proceeds to step SBl. When the
mouse-type device is used as the pointing device 11, icon
selected by this mouse-type device 1s registered to the sound
source algorithm display portion 20 in step SBl1. For

example, when icons i-1 (i.e., string-striking)., j-1 (single



string) and k-2 (small box)'are respectively selected for the
drive portion i, tone-generation portion j and resonance-
radiationlportion k, the sound source algorithm simulating
the violin is registered to the display ﬁortion 20. In ﬁext
step SB2, algorithm data (i,j.k) which is registered to the
display portion 20 as described above is read by the CPU la.
In response to the reéd data (i,j.,k), the CPU la reads out
the corresponding micro-programs from the program ROM 1b.
Then, the read micro-programseﬁre respectively loaded to the
drive DSP 6a, tone-generation DSP 7a aﬁd resonance-radiation
DSP 8a in accordance with the algorithm data (i,j.k). Thus,
each DSP is controlled to be in the operation manner _
corresponding to the selected algorithm.

In next step SB3, the contents of the control table CT
is renewed on the basis of the algorithm data (i,j,k) and
- performance input device data CD. As described before, this
performance input device data CD indicates the number of the
performance input element by which the performance data is
supplied to No.s (where s=1-4) register of each DSP. The
control table CT memorizes table addresses which are used to
carry out the scaling operation on the output data of the
performance input element designated by the data CD.

In step SB3, the contents of the control table CT is
renewed on the basis of the foregoing algorithm data (i,j,k)
and performance input device data CD of each portion. As
described before, the performance input-device data CD
represents the number of the performance input element by
which the performance data i1s supplied to No.s (where s=1-4)

register of each DSP. 1In addition, the control table CT



memorizeé the table addresses which are used when carrying
out the scaling operation on the output data of the
performance input element designated by the data CD. |

In last step SB4, in each of DSPs 6a, 7a, 8a, the sound
source parameter designated by the control table CT and
device data CD is set aé its initial value. As a result,
each DSP functions to simulate the selected instrument. .
Thereafter, the processing feturns to the foregoing main
routine as shown in Fig. 4.

@ Device Selection Mode

When the mode designation switch is set at mode 2, the
processing proceeds to step SA5 in accordance with. the N
judgement result of step SA3 in Fig. 4, so that the device
-selection routine is activated. When this device selection
.routine is activated, device display program (not shown) is
executed, so that the display unit 4 displays a screen image
of device selection menu as shown in Fig. 8.

This device selection image is a graphic display image
in which each DSP of the sound source 5 is controlled on the
basis of the information of certain performance input
element. Hereinafter, description will be given with respect
to this device selection image. In Fig. 8, 30 designates a
display portion which displays the performance input element
registered as the performance input device. In the present
embodiment, keyboard 30a, wheel 30b, joy stick 30c¢ and |
portamenfo bar 30d are registered as the performance inpuf
elements displayed in the display portion 30, for example.

On the other hand, 31 designates. another dispiay portion

which displays the operétion manner of each of the DSPs
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contained in the sound source 5, i.e., contents of the
instrument to be selected for each portion uﬁder operation of
the foregoing algorithm selection routine. In an example 6f
Fig. 8, the bow (i.e., string-bowing type) is éet in a drive
portion 3la, and bowing velocity, bowing pressure and filter
are set as the sound source parameters. In addition, the
string is set in a tone-generation portion 31b, and delay

- length, delay ratio, filter and loop gain are set as the
sound source parameters. Further, metal board is set in a
resonance-radiation portion 31lc, and pén.-depth and filter
are set as the sound source parameters.

As described above, the operation parameters are seg'in
each portion. Then, these portions are connectéd to
_ respective performance input elements, which are registered
on the basis of the foregoing device data, on the screen.
Thus, the user can identify the control relationship between
the performance input element and DSP with ease.:

Next, description will be given with respect to the
device selection routine by referring to Fig. 6 wherein the
performance input element is determined by use of the
'displayed connection. When the device selection menu is
completed, the processing proceeds to step SCl in Fig. 6
wherein it is judged whether or not the currently registered
performance input element is changed. This step judges that
the perfofmance input element is changed when the displayed
cbnnection information is changed by the pointing device 11
such as the mouse-type device. When there is a chaﬁge, the
judgement result of step SCl turns to "YES", so that the

processing proceeds to step SC2 wherein the displayed
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connection is changed in accordance with the change made by
the pointing device 11. For ekample. when the pointing
device 11 is operated to connect "keycode" of the keyboa;d
30a in Fig. 8 with "control 1" of the drive portion 315. the
previous displayed connection is changed such thét "keycode"
is connected to "control i". In next step SC3, the contents
of the control table CT is set again in response to the
changed performance input eiement. Then, the processing
procéeds to step SC4 wherein new control device data CD is
set in response to the above-mentioned-change.

Meanwhile, if no change is made in the device selection
menu so that the previous displayed coﬂnection is remained as
it is, the judgement result of step SC1l turns to "NO", so
that the processing directly proceeds to step SC4 wherein
only the device data CD is renewed. In next step SC5, the
table address of the control table CT is renewed in
accordance with the contents of the control table CT which is
set in the foregoing process of step SC3. Thereafter, the
processing returns to the main routine. As a result, each
DSP will operate in response to the function of the
performance input element of which operation'is newly
defined. Thus, it is possible to arbitrarily define the
function of the performance input element. Therefore, in
additioﬁ to the normal performance technique, it is possible
to carry out another performance technique by use of the same
performance input element. For examplé; performance of the
striﬁged instrument can be made by use of the keyboard.
® Parameter Setting Mode

When the mode designation switch is set at mode 3, the
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processing proceeds to step SAS in accordance with the
judgement result of step SA3, so that tﬁé.parameter setting
routine is activatea. In this parameter setting routine, the
present system carries out the editing operation on the
control parameters to be set tb the drive DSP 6a, tone-
generation DSP 7a and resonancefradiation DSP 8a, and it also
carries out the graphic display of the whole algorithm in. the
sound source 5.

First, when this routine is activated. the processing of
CPU l1la proceeds to step SD1 in Fig. 9,-wherein the display
unit 4 displays the contents of the control parameter CP of
the DSP to be-edited as the text display. Herein, the
operator input digits in accordance with the prompt text
(corresponding to edit parts). Such digit input in the edit
part has the following meanings.

i) Edit part "1": control parameter CP in the drive.DSP

6a is to be edited.-

ii) Edit part "2": control parameter CP in the tone-
generation DSP 7a is to be edited.

iii) Edit part "3": control parameter CP in the resonance-
radiation DSP 8a is to be edited.

iv) Edit part "0": no editing is made, so that the tone-
generation is made on the basis of the control
-paraﬁeters CP which are currently set.

Thereafter, the processing proceeds to step SD2 wherein
the inpﬁt digit is judged, so.that the processing branches to
the dési;able step corresponding to the input-digit. For
example, when "1" is inputted, the processing proceeds to

step SD3 wherein the control parameter CP in the drive DSP 6a
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is to be edited. Such editing operation is made by the
graphic display of the algorithm of the drive unit 6 as shown
in Fig. 13. Fig. 13 illustrates an example of the graphic
display which represents the algorithm simulating the | .
operation of the reed such as the clarinet. In.this example,
the filter and non-linear table which simulates the non-
linear operation of the reed are displayed. Herein, it is
possible for the operator to change them or add new
parameters.

Next, when "2" is inputfed, the pfocessing proceeds to
step SD4 wherein the control parametér CP of the resonanée-
radiation DSP 8a is to be edited. This editing operation is
made by the graphié display of the algorithm of the tone-
generation unit 7 as illustrated in Figs. 11, 12. Fig. 12
illustrates an example which displays the algorithm
simulating the tone-generation mechanism of the spring such
as the guitar. As the control parameters CP, this example
uses the filter which simulates fhe string vibration and the
vibration applying point on the string. Herein, it is
possible to -change them or add new parameters.

Next, when "3" is inputted, the processing proceeds to
step SD5 wherein the control parameter CP of the resonance-
radiation DSP 8a is to be edited. This editing operation is
made b& the graphic display of the algorithm of the
resonance-radiation unit 8 as shown in Fig. 10. Fig. 10
illustrates an example which displays the algorithm
simulating the resonance radiation of the tapered tube. As
the control parameters, this example uses the data defining

the shape of this tapered tube, i.e., pdsition of the tube,
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its radius, number of stages and horn length. Herein, it is
possible to change thém or add new parameters.

After completihg each of the processes of steps SD3-to
SD5, the procéssing proceeds to'step SD6 wherein it is jﬁdged
whether or not the control parameter CP of each DSP is
changed. If the control parameter CP is added‘or corrected,
the judgement result of step SD6 turns to "YES", so that the
processing proceeds to step SD7 wherein on the basis of the
changed control parameter CPI'%hé sound source 5 is driven to
make a sounding test. In this soundiné test, gain balance of
the closed loop of the sound soﬁrce 5 is adjusted to avoid
the anomalous oscillation. In next step SD8, data table_is
made in order to generate sounds of each musical scale haviﬂg
the fundémental pitch under the operation manner of the
instrument to be simulated, i.e., instrument which is defined
by the control parameters CP. |

Meanwhile, if the judgement result of step SD6 is "NO",
or if "0" is inputted in the process of step SD1, the
processing proceeds to step SD9 representing the play routine
which will be described later. In this routine, the tone- |
generation is carried out on the basis of the control
parameters CP to be set in each DSP. Incidentally, detailed
description will be made later with respect to this play
routine. '

In next step SD10, it is judged whether or not the
edited contrbl parameter CP is written into the writable non-
volatile memory (not shown). If the operator decides to
register the edited control parameter into the memory by

referring to the result of the tone-generation process
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described before, such decision is inputted by the key-in
operation, so that the judgement result of step SD10 turns to
"NO". Then, the prbcessing proceeds to step SDil. If not,
the judgement result of step SD10 turns to "NO", so that the
processing returns to the foregoing main routine. In this
case, the control parameters CP are temporarily stored in the
register of the CPU la. Therefore, they are erased with the
power off. '

In step SD11l, the operator inputs the present number PN
which is used when registering the edifed-control-paraheter
CP into the memory. In next step SD12, all of the sound'
source parameters aré registered in the predetermined memory
area designated by the inputted present number PN. Then, the
"processing proceeds to step SD13. Herein, all of the sound
source parameters contains the control parameters CP, control
device data CD and control table data CT. In last step SD13,
the current operation mode, i.e., parameter setting mode
(i.e., mode 3) is reset to the play mode (i.e., mode 0).
Thus, processes of this routine is cqmpleted;

@ Play Mode |

This mode is acti&ated when the edited control
parameters CP are registered into the memory as described
before, or when the mode designation switch is set at mode O.
Herein, according to the judgement result of step SA3, the
processing proceeds to step SA7, so that the play routine as
shown in Fig. 14 is to be started. In this play routine,
each of the data sét in the internal registers 40-42 of the
DSPs as shown in Fig. 18 is read out, so that the musical

tone of the simulating instrument can be generated in
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response to the performing operation.

In first step SE1 of this routine, the drive-portion
control routine, as.shown in Fig. 15, is started, so that the
processing proceeds to step SF1. 1In step SF1, a variable "s”
representing each of the registers is set at "1" in order to
read out each of the data to be set to the internal register
40 of the drive DSP 6a. In next step SFi. it is judged
whether or not the control ﬁarameter CP(ll) is not at "0" and
the variable s is larger than 4", If some data is set as
the control parameter CP(1l), the judgément result of step
SF2 turns to "NO", so that the processing proceeds to step
SF3. 1In step SF3, the performance information of the -
performance input element designated by the control device
data CD(11) is read, and then the processing proceeds to step
SF4 wherein the scaling operation is carried out on the read
- performance data by use of the data table designated by the
control table CT(11). In step SF3, the scaled data is
written into the internal register Rl in the drive DSP 6a.

" Thus, the DSP 8a generates the foregoing excitation signal.
in next step SF6, the foregoing variable s i$ incremented so
as to repeat the above-mentioned processes. Thereafter,
until the control parameter CP(1ls) becomes equal to "0",
i.e., until no control parameter is existed, the read-out
operation is made repeatedly on each data. As a result, the
DSP 6a can sequentially correct the excitation signals in
response td the other control parameters CP.

Next, when the processing proceeds tolstep SE2 in Fig.
14, the tone-generation-portion control routine is to be

started. In this tone-generation-portion control routine,
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ﬁrocesses as similar to those of the foregoing step SEl are
_ekecuted. More specifically, in order to read out each of
the data to be set in the internal register 41 of the tone-
generation DSP 7a, the CPU la sets the.variable s
representing each of the register at "1". Next, it is judged
whether or not the control parameter CP(21) is not at "OJ and
variable s isllarger than "4". If some data is set as the
control parameter CP(21), the CPU la feads in the performance
information of the performance input element designated by
the chtrol device data CD(21) so as td carry out the scaling
operation on the read performance information by use of the
data table designated by the control table CT(21). Then,--the
scaled data is written into the internal register Rl in the
DSP 7a. The above-mentioned processes are rgpeatedly |
executed every time the variable s is incremented. Until the
control parameter CP(2s) becomes equal to "0", i.e., until no
control parameter CP.is existed, the read-out operation is
made repeatediy on each datq;~ Thus, the DSP 7a can carry out
the tone-generation operation of the instrument to be
simulated, and it also oscillates the excitation signal
supplied from the drive portion 6.

In next step SE3, the resonance-radiation-portion
control routine is started. In this resonance-radiation-
portion control routine, processes as similar to those of the
forégoing steps SE1, SE2 are executed, so that the DSP 8a can
reproduce the resonance-radiation characteristic of the
instrument to be simulated.

' As deécribed above, in the steps SEl1 to SE3, each of the

DSPs is operated in response to the set tone-generation
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algorithm, assigned performance input element and set control
parameters CP which are made in the foregoing modes 1-3,
thus, it is possible to perform a music by the desirable
musical tones.

By the way, when changing the tone color of the musical
tone which is generating now by the performing operation, the
read-out operation is made 6n the preset data which is
registered in the foregoing parameter setting mode. Herein,
the preset data indicate the fsregoing all sound source
parameters and micro-programs which define the tone-
generation algorifhms of each DSP. 1In order to carry out
such data read-out operation, the preset switch provided in
the control elements 3 is operated. When this preset-switch
is'operated. the CPU la detects its switch on-event, so that
the preset call routine of step SE4 is started. When this

preset call routine is started, the processing of the CPU la
proceeds to step SGl1 shown in Fig. 17. In stép SG1, the CPU
la reads the identification number PN of the preset switch to
be operated. In next step SG2, in accordance with the read-
out address which is defined by the read identification
number PN of the preset switch, the preset data is read from
the non-volatile memory. Then, the micro-programs in the
read preset data are respectively delivered to the DSPs. In
next step SG3, the control device data CD in the read preset
data is written into the predeterminéd work memory. Next,
the processing proceeds to step SG4 wherein the control
paraﬁeter CP set to each DSP is rewritten into the preset
value. Thus, each DSP operates to simulate the instrument

defined by the preset value, and consequently it is possible
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to perform a music with the gpusical tone having the different
tone color.

Lastly, this invention may be practiced or embodied in

still other ways, R
Therefore, the preferred embodiment described herein is

illustrative and not restriétive, the scope of the invention
being indicated by the appended claims and all variations
which come within the meaning of the claims are intended to

be embraced therein.
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1. An electronic musical apparatus comprising:

a tone generation system (5) for generating a musical tone signal based on a tone
generation aigorithm inciuding at least two operating portions (6, 7, 8) each of which
executes an aigorithm to model a part of a selected tone-generation mechanism and is
functionally different from the other; .

a selector {1a, 1) for selecting at least two algorithms to be respectively executed by
the at least two operating portions from among a plurality of algorithms.

2. An electronic musical apparatus as in claim 1,
wherein the tone generation system inciudes an excitation portion (6) which produces
an excitation signal and a tone formation portion (7, 8) which receives the excitation

__signal and produces an oscillation signal, wherein the excitation portion and the tone
* formation portion correspond to the at least two operating portions,

wherein the apparatus further comprises:

program storage memory (1b) for storing at least one first program (i-1, i-2, i-3,
i-4, i-5), corresponding to an algorithm to be executed by the excitation portion, and
a set of second programs (j-1, j-2, j-3, j-4, j-5; k-1, k-2, k-3, k-4, k-5),
corresponding to algorithims to be executed by said tone formation portion, wherein
each of the first and second programs are different from orie another,

and wherein the selector selects one of the set of second programs for use by the tone
formation portion, wherein the tone generation system produces a musical tone signal
based on the exciting signal and oscillation signal.

3. An electronic musical apparatus as in claim 2, _

wherein plural first programs are stored and wherein the selector selects one df the
first programs and one of the second programs to constitute the tone generaﬁdn
algorithm.

4. An electronic musical apparatus as in claim 3,

wherein the tone formation portion includes a vibration source portion (7) and a
resonance radiation portion (8) and the set of second programs includes a first subset
of vibration source programs (j-1, j-2, j-3, j-4, j-5) and a second subset of



10

15

20

25

30

35

—_—

gy

resonance radiation programs (k-1, k-2, k-3, k-4, k-5) different from the
vibration source programs, and wherein the selector selects one program from each
subset to form the second program.

5. An electronic musical apparatus as in claim 1,

wherein the tone generation system includes first operation means (6) for generating
an excitation signal by executing a drive algorithm, and second operation means (7)
for receiving the excitation signal and for generating an oscillation signal by executing
an oscillation algorithm which cause oscillation of the excitation signal, wherein the
first operation means and the second operation means correspond to the at least two
operating portions, .

wherein the tone generation system generates a musical tone signal based on the
exciting signal and oscillation signal,

and wherein the selector selects at least one of the drive algorithm and the oscillation
algorithm from among plural different drive algorithms (i-1, i-2, i-3, i-4, i-5) or

oscillation algorithms (-1, j-2, j-3, j-4, |-5), respectively.

6. An electronic musical apparatus as in claim 5,

wherein the selector selects a drive algorithm from among plural drive aigorithms
including at least two of a string striking algorithm, a string bowing algorithm, a
string plucking algorithm, a reed algorithm and a non-reed breath algorithm.

7. An electronic musical apparatus as in claim-5,

wherein the oscillating signal is circulated back to the first operation means for
operation with the excitation signal, ' | |
wherein the apparatus further comprises mixing means (13) for mixing signals
generated by the first and second operation means and outputting the mixed signal as a
musical tone signal. '

8. An electronic musical apparatus as in claim 5,

including parameter variation accommodation means (1a, 1), responsive to the change
of a parameter value of either the first or second operation means, for adjusting the
value of at least an additional parameter which controls at least one of gain balance
between the first and second operation means and a fundamental pitch of a tone to be
generated, thereby to stabilize operation of the electronic musical apparatus in
response to parameter changes. |

—_—
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9. An electronic musical apparatus as in claim 5,

further comprising filter means (6b) between the first operation means and the
second operation means for filtering the excitation signal to avoid anomalous
oscillation.

10.  An electronic musical apparatus as in claim 1,

wherein the tone generation system inciudes first operation means (7) for generating
an oscillation signal by executing an oscillation algorithm, and second operation means
(8) for receiving the oscillation signal and for generating an output signal by

~ executing a resonance radiation algorithm, wherein the first operation means and the

second operation means correspond to the at least two operating portions,

wherein the tone generation system generates a musical tone signal in accordance with
a tone generation algorithm including the oscillation algorithm and the resonance
radiation algorithm, : -
and wherein the selector selects at least one of the oscillation algorithm and the

‘resonance radiation algorithm from among plural different oscillation algorithms (j-
1, j-2, j-3, j-4, j-5) or resonance radiation algorithms (k-1, k-2, k-3, k-4, k-

5), respectively.

11.  An electronic musical apparatué as in claim 10,
wherein the selector selects an oscillation algorithm from among at least two of an
algorithm corresponding to a string, at least one algorithm corresponding to a tube
having at least one tone hole, an algorithm corresponding to a branched tube and an
algorithm corresponding to a tube having no tone holes.

12.  An electronic musical apparatus as in claim 10,

wherein the selector selects a resonance radiation aigorithm from among at least two of
an algorithm corresponding to a piano body, an algorithm corresponding to a resonance
box, an algorithm corresponding to a tapered tube, at least one algorithm
corresponding to an exponential curve tube and an algorithm corresponding to a metal
board. '

13. An electronic musical apparatus as in claim 10, _
including parameter variation accommodation means (1a, 1), responsive to the change
of a parameter value of either the first or second operation means, for adjusting the
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value of at least an additional parameter which controls at least one of gain balance
between the first and second operation means and a fundamental pitch of a tone to be
generated, thereby to stabilize operation of the electronic musical apparatus in
response to parameter changes.

14.  An electronic musical apparatus as in claim 1,

wherein the tone generation system includes a first digital signal processor (6) for
executing a first aigorithm, and a second digital sighal processor (7, 8) for executing
a second algorithm, wherein the first and second digital signal processors correspond
to the at least two operating portions,

wherein the tone generation system generates a musical tone signal in accordance with

a tone generation algorithm based on cooperative execution of the respective first and

second algorithms by the first and second digital signal processoré,
wherein the apparatus further comprises:
a memory for storing a piurality of different first algorithms (i-1, i-2, i-3, .i-4, i-

: 5) and a plurality of different second algorithms (j-1, j-2, j-3, j-4, j-5; k-1, k-
2, k-3, k-4, k-5), wherein the selector selects one of the first algorithms and one of

the second algorithms;

control means (1a) for setting the selected first algorithm for use by the first digital
signal processor and the selected second algorithm for use by the second digital signal
processor, whereby a musical tone signal is generated in accordance with the selected
first and second algorithms.

15. In an electronic musical apparatus providing a drive means for generating an
excitation signal corresponding to tone-generation energy and a tone-generation means
for resonating said excitation signal to thereby output a resonated signal, said
electronic musical apparatus comprising:

display means for displaying tone-generation algorithms defined by operation manners
of said drive means and said tone-generation means respectively in form of the
graphics or graphic patterris; and _ '
algorithm control means for varying the operation manners of said drive means and
said tone-generation means displayed by said display means and/or combining them so
as to control said tone-generation algorithms.

16.  An electronic musical apparatus comprising:
sound source means for outputting a musical tone signal in accordance with a tone-
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generation algorithm which is predefined for each of instruments to be simulated;
display means for displaying said tone-generation algorithm in form of a
predetermined graphic pattern; and

algorithm control means for controlling said display means to thereby vary the
contents of said tone-generation algorithm in accordance with an operation made by a
performer.

17. An electronic musical appératus as defined in claim 16,

wherein said sound source means contains a drive portion, a tone-generation portion
and a resonance-radiation portion all of which function to create said musical tone
signal coneéponding to an instrument to be simulated.

18. An electronic musical apparatus as defined in claim 17,
wherein each portion of said sound source means contains a digital signal processor

- (DSP) which outputs operation data corresponding to sampling data of sounds of an

instrument to be simulated.



