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the. 1 nventiron The present

conbi ni ng plural sounds.

ELECTRONIC MUSICAL INSTRUMENT

£

BACkGROUND OF THE INVENTION

Field of the Invention

ELECTRCNﬁC MUSI CAL | NSTRUMENT BACKGROUND OF THE | NVENTI ON Fietsd-0#e’
I nvention relates to an electronic nu-
i nstrument- which is suitable for synthesizing a de- sirable nusical

si cal -y
_tone by

The present invention relates to an electronic musical

_'1nstrument which is suitable for synthesizing a desirablé

musical tone by combining plural sounds.

Prior Art

Recently, there are developed several kinds of

electronic musical instruments each of which activates a

simulation model of a tone-generation mechanism of a non-

electronic musical instrument so as to synthesize its muéical

tone.

Such music synthesis technique is disclosed in the

papers such as U.S. Patent Nos. 4,984,276 and 4,130;043.

Herein,

instrument such as the clarinet.

there 1s disclosed an electronic musical 1nstrumeht
A” which simulates a tone-generation mechanism of the wind

In addition, the above-

mentioned papers also disclose about the electronic musical

instruments which simulate tone-generation mechanisms of the

string—plucking—type instrument such as the guitar and

string-striking-type instrument such as the piano.

Meanﬁhile, currently produced electronic musical

instrument may provide plural FM sound sources called

"operators”.

operators, a desirable musical tone is to be synthesized.

By arbitrarily combining some of these

‘In

addition, the above-mentioned electronic musical instrument

provides a liquid crystal display (i.e.,

"LCD") which

displays the combining state or connecting manner of these

operators.
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Prior Art Receﬁtly, t here are devel oped several kinds of elec- tronic
mast cal * i nStrument s each of which activates a sinulation nodel of a

t one- generati on mechani sm of a non-el ectronic nusical instrument so as to
synt hesi ze its nusical tone. Such nusic synthesis technique is dis- closed
In the papers such as U S. Patent Nos. 4,984, 276 -

"algorithm" which is an important element for determining the
tone color of the musical tone 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 above-mentioned.function to the
conventional electronic musical instrument which simulates
the tone-generation mechanism of the non-eiectronic 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
instrument  to be simulated. such electronic musical

47 instrument must require completely different tone—generation
-algorithm or its operation parameters. For this reason..whén
carrying_out the sound synthesis by freely using several
kiﬁds of the tone-generation mechanisms, it is required for
the user to have the expert knowledge concerning the tone-
generation mechanism of the instrument itself to be
simulated. This is difficult for the non-professional user
who does not have the ekpert knowledge about the musical
1nstrgment. because such user cannot figurg 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.

SUMMARY OF THE INVENTION
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and 4 130, Q43. ‘Herein, there is disclosed an el ectronic nusical instrunent
mhieh ‘si mul"at es a tone- generation nechanismof the wind instrunment such as
the clarinet. In addition, the above-nentioned papers al so di scl ose about

the el ectroni c nusical instruments which simul ate t one- generati on

mechani snms of the string-plucking- type instrunent such as the guitar. and

string-strikingit is accordingly & primary object of the present

invention to provide an electronic musical instrument which*
can carry out the sound synthesis by freely using several
kinds of the tone-generation mechanisms of the non--eléctron:lc‘f
musical instruments with ease.

In a first aspect of the present invéntion. there 1is
provided an electronic musical_inétrument comprising:

drive means for generating an excitation signal
corresponding to tone-generation energy;

tone-generation means for resonating the excitation
signal so as to output a resonated signai;

display means for displaying tone-generation algorithms
defined'by'operatlon manners of the drive means and tone-
generation means respectively in form of the graphics or
grabhic patters; and

' algorithm control means for varying the operation

manners of the drive means and tone-generation means
displayed by the display means and/or combining them so as to
control the tone-geheration algorithms.

In a second aspecf of the presenf iﬁvention, there is
provided an electronic musical instrument comprising:

- sound source means for outputting a musical tone signal
in accordance with a tone-generation algorithm which 1s pre-
defined for each of instruments to be simulated;

display means for displaying the tone-generation
algorithm in form of a predetermined graphic pattern; and

algorithm control means for contrbiling the displéy
means to thereby vary the contents of the tone-generation

algorithm in accordance with an operation made by a
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type instrqnenﬁ such as the piano. Meanwhile, currently produced el ectronic
nusi cal* i nstrunment may provide plural FM sound sources called "operators”

By arbitrarily combi ning sonme of these op- erators, a desirable nusica
tone is to be synthesized.

performer.

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:

Fig. 1 is a block diagrém 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 sourée shown in Fig. 1;

Fig. 3 1s a system diagram showing a connection manner
of DSPs used in the sound source shown in Fig. 2;

A" 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 élgorithm selection
routihe:

Fig. 6 is a flowchart showing a device selection
routine;

Fig. 7 illustrates an example of a screen image of an
initial menu whichlis displayed by the present embodiment
when the algorithm selection routine is started;

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

Fig. 9 is a flowchart showing a parameter setting

routine;

————
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In addltlon t he above-nentioned el ectronic nusical in- strunent provides a
Ith|d cryétal display (i.e., "LCD') which displays the conbining state or
connecting man- ner of these operators. This conbining state of the op-
erators is called "algorithn which is an inportant ele- nment for

determ ning the tone color of the nusical tone

Figs. 10 to 13 are drawings each illustrating an.example
of a screen 1mage'to 5e displayed when the parameter setting
_routine 1s executed;

Fig. 14 is a flowchart showing a prlay routine;

Fig. 15 is a flowchart showing a sub-routine of the play
routine which is used for explaining a drive portion control
routine, a tone—generation'portion control rputine and a
resonance-radiation portion control routine to'be executed
during execution of the plai routine;
| Fig. 16 shows a conceptual configuraflon of internal
registers of each DSP; and

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

'DESCRIPTION OF THE PREFERRED FMBODIMENT
Now, description will be given with respect to an
4" embodiment of the present invention by referring to the
drawings.
[A] Configuration _

Fig. 1 is a block diagram showing the wholé
configuration of an electronic musical instrument according
to an embodiment of the present invention. In Fig. 1, 1
designates a control portion which controls several portiomns
of this instrument in real-time manner. This control poftion
1 consists of a central procgésihg unit (CPU) 1a, a program
read-only memory (ROM) 1b, a data ROM 1l¢ and a work random-
access memory (RAM) 1d. The CPU la up-loads programs pead
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. 1In
_ [ —
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to be generated By use of this algorlthn1 the user of this electronic
niisi cal* i ntrunent can acknow edge the physical conbination of the sound
sources. Therefore, by changing the contents of this algorithn1 it is
possible to carry out the sound synthesis or sound conposition with ease.
When appl ying the above-mentioned function to the

addition to several kinds of control programs to be used by
the CPU la, the program ROM 1b memorizes other kinds of e
micro-programs to be loaded to the digital signal processor
(DSP), which operation will be described later. Further, the
data ROM ic stores data tables which ere used for the data
conversion. Furthermore, the work RAM 1d is used as the work
area of the CPU la, so that it temporarily stores several
kinds of data. Meanwhile, 2 designétes 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 thereto by the
performer. In addition, 3 designates several kinds of
contrel elements such as the slide volume-controls and key
switches which are arranged on the control panel (not shown).
Further, 4 designates a display unit which is configured és
£” 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 violin, string-

- plucking-type instrument such as the guitar and string-
striking-type instrument such as the pieno. This sound
source 5 contains a drive unit 6, a tene-generatioﬁ 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". Incidentally,

configuration and operation of these units 6-8 will be

eet Has Been Replaced

o HII\lI\\lIllH\\l\l\\ll\



conventlonal electronlc musi cal instrunment which sinmu- |ates the

t one- gener ati on mechani sm of the non-elec- tronic nusical instrunment, it is
possible to carry out the varied sound synthesis by arbitrarily conbining
sone of the tone-generation nmechanisns of the non-el ectronic nusical

I nstruments. Fbmever mhen using the different nusical instrunent to be

si mul at ed, agggrfg

mMeanwhile, 9 designates a digital- to-analog
converter which converts the digital musical tone signal ~
outputted from the sound source 5 into the corresponding
~analog signal. 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-type device and the like.
This pointing device 11 is used to point out the
predetermined position in the display area of the display
unit 4. o |
Next, detalled description.will be given with respect to
the above-mentioned sound source § by referring to Figs. 2
and 3. Fig. 2 is a block diagram showing'a functional
configuration of the sound source 5, wherein parts
corresponding to those shown in Fig. 1 will be designated by
4" the same numerals. In Fig. 2, CT designates a control table
to be set in the predetermined memory area of the foregoing
data ROM lc. This confrol table CT is used to convert the
performance information, supplied thereto via the CPU 1la,
iﬁto sound source parameters. The drive unit 6 generates an
excltation éignal corresponding fo 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 drive unit 6.1s designed to simulate the
wind instrument such as the clarinet, this excitation signal
corresponds to the ﬁlowing pressure or Embousure. In drive
unit 6, 6a designates a drive DSP which embodies the function

of the drive unit 6. This drive DSP 8a is supplied with
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5

sical instrunment nust require conpletely different tone- generation
aligoritthm 6f its operation paraneters. For this reason, when carrying out
t he sound synthesis by freely using several kinds of the tone-generation
mech- anisns, it is required for the user to have the expert know edge
concerning the tone-generation nmechanismof the instrunent itself to be

si mul at ed. JI@Fblﬁf5gggﬁé“ﬂdrresponding 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 tolits internal registers R1-R4. In the
drive unit 6, two filters 6b, 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 oscillation of the signal passing
therethrough at the specific frequency. Herein, filter
coefficients of these filters, 1.e., their freduency' -
characteristics are controlled by-the drive DSP 8a. Further,
two buffers'éc. 6¢c shape waveforms of the stereo musical tone
signal (i.e., "Lout" and "Rout" signals) outputted from the
drive DSP 8a. | |
The tone-generation unit 7 corresponds to the vibration
4" source of the instrument to be simulated, which consists of a
tone-generation bSP 7a, filters 7b, 7b, and buffers 7c, 7c.
The toﬁe—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 filtérs T, 7b are
designed to-simulaté the'ffequency 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 ;t is
reflected by the resonance-radiation portion and then
returned back to the tone-generation portion.

The resonance-radiation portion 8 embodies the resonance

-This Sheet Has Been R°p
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for the non-professional user who does not have the ex- pert know edge
about "t-he frusical instrument, because such user cannot figure out -the
setting manner of the algorithmor operation paraneters. Thus, there is a
problemin that the sound synthesis is very difficult for the users.

and radiation characteristics of the instrument to be -
simulated, which censists of a resonance-radiation DSP 8a afid
buffers 8b, 8b. This resonance-radiation DSP'Se is supplied
with the micro-programs corresponding to the operation manner
of the instrument te 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 wiil be given with respect to
configurations of the internal registers R1-R4 provided in
each of the DSPs 6a, 7a, 8a by referring to Fig. 16. In Flg.
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 6a is'designed to simulate
the string-~bowing-type instrument such as the violin, data
representing the bowing velocity is set to CP(11) and data
representing the bowing pressure is set to CP(12). On the
other hand, the control device CD indicates the number of the
performance input element by which the performance
infornation 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
performance input element designated by the control device
data CD. '

In the sound source 5 which is configured as described
DS G udales

A
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3 - SUNNARY OF THE INVENTION It is accordingly a primary object of the
priesent. i n- vention to provide an el ectronic nusical instrument which can
carry out the sound synthesis by freely using

above, the excitation signal outputted from the drive unif 6
is subject to the oscillation in the tone-generation unit 77
and the oscillated signal is supplied to the resonance-
radiation unit 8. In this resonance-radiation.unit 8 which
.éimulates the reflection terminal of the actual instrument,
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. This musical tone signal is |
outputted from the output te;minals Lout, Rout of each of the
DSPs 6a, 7a, 8a. Then, all of the musical tone signals are
added and mixed toéether in mixers 13, and consequently it is
possible to output the musical tone signal having the
stereophonic components.

~ Next, Fig. 3 1s a system diagram for explaining the data

A- commuhiqation t§ be performed among the DSPs. Each of the
DSPs 6a, 7a, 8a has the éommunication port having four
channels by which 4-channel communication is carriéd out in
time sharing manner. As shown in Fig. 3, the data
commmication is made in the prédetermined order from "slot
1" to "slot 4" in time sharing manner. At first timing
corresponding to slot 1, the excitation signal outputted from
"DSP6a(QUTI)" is supplied to "DSP7a(INJ)" via a mixer 15,
while the oscillated signal is sﬁpplied to "DSP7a(INK)" from
"DSP7a(OUTJ)".
At next timing of slot 2, the foregoing feedback signal

from "DSP8a(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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several kinds bf the tone-generation mechanisms of the non-electronic

mdsi cal instruments with ease. The invention is defined by the appended

i ndepend- ant claim1l, w th advantageous enbodi ments given by the dependent
cl ai ms. BRI EF DESCRI PTI ON OF THE DRAW NGS Further objects and advant ages of
the present in-

: Such signal circulation is made at timings of slots 3 and 4.
At timing of slot 3, the musical tone signal -
‘corresponding to the stereophonic left-channel component is
outputted from "DSP6a(Lout)”, and it is inputted into
"DSP7a(Lin)" via the mixer 15. Then, it is supplied from
"DSP7a(Lout)” to "DSP8a(Lin)". Thereafter, the final musical
tone signal is outputted from "DSP8a(Lout)". In this
process, the DSP 7a adds the signal oscillated therein to the
" input signal, while the DSP 8a adds tﬁe-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 slot 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 referring to Figs. 4
to 17. First, when the power is on in the electronic musical
instrument according to the presént embodiment, main routine
as shown in Fig. 4 is activated, so that processing of the
CPU la proceeds to step SAl. In step SAl, several kinds of
registers are reset.'so that initialization is carried oﬁt.
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 mode of the present electronic
musical instrument. 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 souhd source 5
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vention wl| bé appar ent fromthe foll owing description, reference being
had to the’ acconpanyi ng draw ngs wherein the preferred enbodi ment. of the
present inven- tion is clearly shown. In the drawings: Fig. 1 is a block
di agram showi ng the whol e config- uration of an el ectronic nusical

I nstrunment accord-

is selectéd. "device selection mode" (i.e., mode 2) wherein
the device for carrying out the performance operation 1s i
selected and "parameter setting mode® (i.e., mode 3) wherein
the sound source parameters are set. o

. In next step SA3, the processing is delivered to one of
steps SA4-SAT in response to the operation mode corresponding
to the setting manner (i.e., modes 0-3) of the above-
mentioned mode designation switch. More specifically, the
processing proceeds to step SA4 when "mode 1" is designated,
while the processing proceeds: to stép SA5 when "mode 2" is
designated. In 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 Selection Mode )

When the mode designation switch is set at mode 1, the
processing proceeds to step SA4 in accordance with thé
Jjudgement 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 imgge of the foregoing
algorithm of the soﬁnd source 5. Hereinafter, description-
will be given with respect to this initial menu. In Fig. 7,
20 designates a sound source algorithm display portion which
représents the operation manner of the sound source 5. This

portion 20 displays the micro-programs by which the drive

\\‘\
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ing to an embodi nent of the present invention; Fig. 2 is a block diagram
shomﬁhg a fdetailed config- uration of a sound source shown in Fig. 1; Fig.
3 is a systemdi agram showi ng a connection nanner of DSPs used in the sound
source shown in Fig. 2; Fig. 4 is a flowhart showing a nain routine of an

unit 6, tone-generation unit 7 and resonance-radiation unit 8
are respectively operated in form of "icon". This "icon" =
illustrates the operation manner of the instrument to be
simulated by each of the units 6 to 8. 1In the present
éexample, icon of drive portion i representing the operation
of.the drive unit 6 illustrates "string-striking 1" wherein
the hammer strikes the striﬁg: icon of tone-generation
portion j representing the operation of the tone-generation
unit 7 illustrates “"1-hole tube"; and icon of resonance-
radiation portion k representing the operation of the
resonance-radiation unit 8 111ustrates-"tapered tube"”. As
each of the above-mentioned drive portion i, tone-generation
portion jJ and résonance-radiation portion k, it is possible
to select desirable icon by the proceés.of the algorithm
selection routine which will be described later. More

+~ specifically, it is possible to select one of icons 1-1 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 selectibn 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 étep SB1. When the
mouse-~type device is used as the pointing device 11, icon
selected by this mouse-type device is registered to the sound
source algorithm display portion 20 in step SBl1l. For |

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

/
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operatlon of the present enbodi nent to be execut- ed; -4- Fig. 5is a
1 owchart” showi ng an al gorithm sel ection -

string) and k-2 (small box) are respectively selected for the
drive portion i, tone-generation portion J and resonance- -
radiation portion k, the sound source algorithm simulating
the violin is registered to the display'portién 20. In next
step SB2, algorithm data (i,j,.k) which is registered to the
display portion 20 as described above is read by the CPU 1la.
In response to the read data (i,j,k), the CPU la reads out
the corresponding micro-brograms from the program ROM 1b.
Then, the read micro-programs are respectively loﬁded to the
drive DSP 6a, tone-generation DSP 7a and fesonance—radiation'

~ DSP 8a in accordance with the algorithm data (1,J.k). Thus,
each DSP is controlled to be in the operation manner
corresponding to the selected algorithm;

In ﬁext step SB3, the contents of the control table CT
is renewed on the basis of the algorithm data (i,3.k) and

+" performance input device data CD. As described before, this
performance input device data CD indicates the number of the
performance input eleﬁent 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, Jj.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 iﬂput element.by
which the performance data is supplied to No.s (where s=1-4).

'register of each DSP. In addition, the control table CT
I attnh el
: _——‘~‘~—”_~__—___,.*
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routine; Fig. 6 is a flowhart showing a device selection rou- tine; Fig. 7
iklustrates an exanple of a screen inmage of an initial nmenu which is

di spl ayed by the present enbodlnent when the al gorithm selection routine is
started,

memorizes the table addresses which are used when carrying
out the scaling operation on the output data of the -
performﬁnce 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 daéa'CD is seﬁ as its initial value. As a result,
each DSP functions to simulate the selected instrument.
Thereafter, the processing returns to the foregoing main
routine as shown 1h Fig. 4.

@ Device Selection Mode

When. the mode designation switch is set at mode 2, the
processing proceeds to step SAS in accordance with the
Judgement result of step SA3 in Fig. 4, so that the devicé
selection routine is activated. When this device selection
routine is activ;ted, device display program (not shown)'is

4+ executed, so that the dispiay 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. Hefeinaftér, 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 defice. In the present
embodiment, keyboard 30a, wheel 30b, joy stick 30c and
portamento bar 30d are registered as the performance input
elements displayed in the display pértion 30, for example.
On the other hand, 31 designates another display portion

which displays the operation manner of each of the DSPs
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Fig. 8 illustrates an exanpl e of a screen inmage for the device selection to
be di'spl ayed when the de- vice selection routine is started; Fig. 9 is a

fl omchart showi ng a paraneter setting routine; Figs. 10 to 13 are draw ngs
each illustrating an ex- anple of a screen inmage to be displayed when the

contained in the'sound source 5, i.e., contents of the
instrument to be selected for each pértion under operation 6f
the foregoing'algorithm selection routine. In an example of
Fig. 8, the bow (i1.e., string-bowing type) is set in a drive
portion 3la, and bowing velocity, bowing pressure and filter
are set as the sound source parameters. In addition, the
string is éet in a toneégeneration portion 31b, anﬁ 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 31c; and pan, depth and filter
are set as the sound source parameters.

As described above, the operation parameters are set in '
each portion. Then, these portions are connected 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 eiément is ﬁetérmined by use of the
displayed connection. When the device selection menu is
completed. the processing proceeds tb step SC1 in Fig. 6
wherein it is judged whether or not the currently registered
performance input element is changed. This step judges that
the performance input element is changed when the displayed
connection ihformation is changed by the pointing device 11
such as the mouse-type device. When there is a change, the
judgement result of step SC1 turns to "YES", so that the

processing proceeds to step SC2 wherein the displayed
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paraneter setting routine is executed; Fig. 14 is a flowhart show ng a

pt ay «reouti ne; Fig. 15 is a flowchart shomﬁng a sub-routine of the play
routine which is used for explaining a drive por- tion control routine, a
tone-generation portion con- trol routine and a resonance-radi ation portion
con- trol routine to be executed during execution of the

connection is changed in accordance'with the change made by

the pointing device 11. For.example, when the pointing -
device 11 is operated to connect “keycode” of the keyboard
30a in Fig. 8 with "coﬁtrol 1" of the drive portion 3la, the
previous displayed connection is changed such that "keycode"
is comnected to "control 1". In next step SC3, the contents
of the control table-CT is set again in resbonse to the-
changed performance input element. .Then.'the processing
proceeds 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 deﬁice selection
menu so that the previous displayed connéction i1s remained as
it is, the judgement result of step SC1 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

4" table address of the control table CT is renewed in
accordance with thé 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 elemenf of which operation is newly
defined. Thus, it is possible to arbitrarily define the
function of the performance input element. Therefore, in
addition to the normal performance technique, it is possible
to carry out another performance technique by use of the same
performance input!element. For examﬁlé, performance of the
stringed 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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play routine; Fig. 16 shows a conceptual configuration of internal

regi sters of each DSP; and Fig. 17 is a flowhart showing a preset cal
routine. DESCRI PTI ON OF THE PREFERRED EMBODI MENT Now, description will be
given with respect to an em bodi ment of the present invention by referring
to the -

processing proceeds to step SA6 in accordance with the
judgement result of step SA3, so that the parameter .setting~’
routine is activated. In this parameter setting routine, the
present system carries out the editing operation on the
control parameters to be set to the drive DSP éa. tone-
generation DSP 7a and resonance-radiation 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 la proceeds to step SD1 in Fig. 9, wherein the disblay
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 pafameter CP in the resonance-
‘radiation DSP.8a 1s to be edited. .

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

Thereafter, the processing proceedé to step SD2 wherein
the input digit is judged, so that the processing branches to
the desirable step corresponding to thé 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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gﬁémﬁngs. [ A] ‘Configuration -5- Fig. 1 is a block diagram show ng the
whol e confi g-

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. 18 illustrates an example of the graphic
display which represents the algorithm simulating the’

. operation of the ;eed such as the clarinet. 1In this example,
the filter and non-linear t&ble which simulates the non-
linear operation of the reed are displayed. Herein, it is
possible for the operator to-change them or add hew
parameters. |

Next, when "2" is 1nputted; the processing proceeds to -
step SD4 wherein the control parameter'CP of the resonance-
radiation DSP 8a is to be edited. .This'editing'operation is
made by the gfaphic 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 thé tone~§eneration mechanism of the string such
as the guitar. As the control parameters CP, this example
uses the filter which simulates the 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 confrol parameter CP of the resonance-
radiation DSP 8a is to be edited. This editing operation is
made by 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., position of the tube,
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uration of an ‘el ectronic nusical instrunment according to an enbodi ment of
the present invention. In Fig. 1, 1 des- ignates a control portion which
controls several portions of this instrunment in real-time nmanner. This
control por- tion 1 consists of a central processing unit (CPU) 1la, a
programread-only nenory (ROM | b, a data ROM 1[err] and a work

randon}acc%%% g%ﬁ?hg,(gﬁ%%e% gf ;¥§§es and horn length. Herein, it is
possible to change them dr add new parameters. -

After completing each of the processes of steps SD3 to
.SD5. the processing proceeds to step SD6 whérein it is judged
whether or not the control parameter CP of each Dsf is |
changed. If the control parameter CP is added or.correcfed.
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 CP, the sound source 5 is driven to
make a sounding test. In thié sounding test, gain balahce of
the closed loop of the sound source § is adjusted to avoid
the anomalous oscillgtion. In next step SD8, data table is
made in order to generate sounds of each musical scale having
the fﬁndamental pitch under the operation manner of the
instrument to be ‘simulated, 1.e.,l1nstrument which is defined

4 by the control parameters CP.

Meanwhile, if the judgement result of step SD6 is "NO",
or if "0" is inputted in the procéss 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 sefﬁin each DSP. Incidentally, detailed
~descriptio_n will be made later with respect to this play
routine.

In next step SD10, it is judged whether or not'the
edited control parameter CP is written into the writable non-
volatile memory (nét shbwn). If fhe obefator decides to
register the edited control parameter into the memory by

referring to the result of the tone—genefation process
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CPU 1 a up-loads prograns read fromthe program ROM 1 b, and then it
executes the | oaded prograns so as to control several portions. In the
present specification, its operations will be described later. In addition
to several kinds of control prograns to be used by the CPU 1 a, the program
ROM 1 b nenorizes other kinds of micro-pro- granms to be loaded to the

digital siQnale ied° 6238re( PSGen decision 1s inputted by the key-in

operation, so that the judgement result of step SD10 turns fo
"NO". Thén; the processing proceeds to step SD1l. 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 aré temporarily stored in the._
register of the CPU la. Therefore, they are erased with the
power off. c
In stép S§D11, the operator inputs the presént number PN
which is used when registering the editéd control paraméter
CP into the memory. 1In nekt step SD12, all of the sound
source parameters are 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
47 device data CD and control table data CT. In last step SD13,
the current operétion mode, i.e., parameter setting mode
(i.e., mode 3) is reset to the play mode (i.e., mode 0).
Thus, processes éf this routine is complgtéd.-
@ Play Mode |
This mode is'activated 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 set in the internal registers 40-42 of the
DSPs as shown in Fig. 16 is read out, so that the musical
tone of the simulating instrument can be generated in

_’—————’—;‘_—"/
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whi ch operation will be described later. Further, the data ROM 1-c stores
dat artabl es which are used for the data conversion. Furthernore, the work
RAM1 d is used as the work area of the CPU 1 a, so that it tenporarily
stores several kinds of data. Meanwhile, 2 designates a per- formance input
devi ce which contains performance in- put elenments such as the keyboard and

wheel so a?egﬁonse 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 SF1l. 1In s%ép SF1, a'variéble "g"
representing each of the régisfers 1s 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 SF1l, it is judged
whether or not the control parameter.CPfll) is not at "0" and
the variablé_s is larger than "4". If some data is set as
the control parameter CP(11), the judgement result of step
SF2 turns to "NO", so that the processing proceeds to step.
SF3. In step SF3, the pérformance information of the
performance input element deslgﬂated by the control device
data CD(11) is read, and then the processing proceeds to step
SF4 whefein 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 SF5, the scaled data is
written into the 1ntefna1 register R1 in the drive DSP 8a.
Thus, the DSP 6a éenerates the foregoing excitation signal.
In next step SF6, the foregoing variable s is incremented so
as to repeat the above-mentioned processes. Thereafter,
until the control parameter CP(1ls) becomes equal to "0O",
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 to the other control parameters CP.

Next, when the processing proceeds to step SEZ_in Fig.
14, the tone-generation—portion control routine is to be

started. In this tone-generation-portion control routine,

This Sheet Has Been R laced

) [




create performance information corresponding to the operation to be nade
t-hereto by the performer. In addi- tion, 3 designates several kinds of _
control elements such as the slide volunme-controls and key sw tches which
are arranged on the control panel (not shown). Further, 4 designates a
display unit which is configured as the LCD and the like, so that it is

desi gned t oprbEdddds as similar to those of the foregoing step SEl are
executed. More specifically, in.order to reéd 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
represehting each of the register at "1". Next, it is judged
whether or not the control parameter CP(21) is not at "0" and
variable s is larger than "4". If some data is set as the
control parameter CP(21), the CPU 15 reads in the performance
information of the pérformance input element designated by
the control device data.CD(21) so as to carry out the scaling
operation on the read performance information by use of the
data tébie 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 ére repeatedly
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 repeatedly on éach data. Thus, the DSP 7a can carry out
fhe tone-generation operation of the instrument to be
simulated, and it also oscillates the excitation sigﬁal
supplied from the drive portion 6.
_ In next step SE3, the resonance-radiation-portion
control-routiné is started. 1In this resonance—radiation—
portion control routine, processes as similar to those of the
foregoing steps SEl. SE2 are executed, so that the DSP 8a can
reproduce the resonanﬁe—radiation characteristic of the
instrument to be simulated. | |

As described above, in the steps SE1 to SE3, each of the

DSPs is operated in response to the set tone-generation
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t he contents of several kinds of data given fromthe fore- going contro
portiton 1. -6 - 5 designates a sound source which sinulates the

" algorithm, assigned performance input element and set control
parameters CP which are ﬁade in the foregoing modes 1-3, -
thus, it is possible to perform a music by the.desirabie
musical - tones. |

By the way, when changing the tone color of the musical
tone which is generating now by fhe performing operation, the
read-out operation is made on the preset data which is
registered in the foregoing parameter setting mode. Herein,
the preset data indicate the foregoing all sound source
parametefs and micro-programs which define the tone-
generation algorithms of each DSP. In 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

47 preset call routine is started, the processiﬁg of the CPU la
prdceeds to step SG1-.shown in Fig. 17. In step SGl1, the CPU
la reads the identification number PN of the preset switch to
be operated. In next step SGZ, in accordance with the read-
out address which is defined by the read identification
number PN of the preéet 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. 1In
next step SG3, the control device data CD in the read preset
data is written into the predetermined work memory. Next,
the processing proceeds to step SG4 wherein the control
parameter CP set to each DSP is rewritten into the preéet
value. Thus, each DSP operates to simulate the iﬂstrument
defined by the preset value, and consequently it is possible
-
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t one- gener ati on nmechani sm of .the non-el ectronic nusi- cal instrunent, e.g.,
witnd *i nst runment such as the clar- net, string-bow ng-type instrunment such
as the violin, string-plucking-type instrunment such as the guitar and
string-striking-type instrunent such as the piano. This sound source 5
contains a drive unit 6, a tone-genera- tion unit 7 and a

resonance- r g§i géF £orm ' tmfs 1 EdpftPfthe musical tone having the different

tone color. -
Lastly, this invention may be practiced or embodied in

still other ways without departing from the spirit or’
essential character thereof as described heretofore.
Therefore, the preferred embodiment described herein is
‘1llustrative and not restrictive, the scope of the invention
‘being indicated by the appended claims and all variations
which come within the meaning of the clﬁims*are'intended to

be embraced therein.
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themis configured by "DSPP" and "RAM' wherein "RAM tenpoFaLLL¥“§££¥§§;ﬁ*_~\__
severdl® kinds of operation data of "DSP". Incidentally conflguratlo

operation of these units 6-8 will be described |ater. Nban

nates a ‘digital-to-anal og converter which converts the di g|t MIEI"H"I :,
signal outputted fromthe sound source 5 into the correspondlng ana

signal . Furwh&f IS CLAIMED IS:

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

display means for displaying tone-generation algorithms
defined by'operation mannérs of said drive means and said
"tone-generation means,respectivel& in form of the graphics or
graphic patters; and

algorithm control means for varying the operation
manners of sald drive means and said tone-géneration means
displayed by said display means and/or combining them so as

«* to control said tone-generation algorithms.

2. An electronic ﬁusical instrument comprising:

sound sourée means for outputting a musicai tone signal
in accordance with a tone-generation algorithm which is pre-
defined 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.

3. An electronic musical instrument as defined in claim 2
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1p“designates a sound Systen1mhich generates a nu- sical tone correspondi Ng:

to the~nusical tone signal sup- plied thereto. FurthernDr
poi nting de- vice nade by the nouse-type device .and the I|i mm]'mmglmamamg
device 11 is used to point out the predeterm ned position isn checdi s

area of the display unit 4. Next, detailed description will be given mnth

respect wherein said sound source means contains a drive portion, a
tone-generation portion and a resonance—radiation portion atl
of which function to create said musical tone signal

corresponding to an instrument to be simulated.

4. An electronic musical instrument as defined in claim 3
wherein each portion of said sound sourcé means contains a

.digital. signal processor (DSP) which outputs operation data
corresponding to saﬁpling data of sounds of an instrument to

be simulated.
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to t he above-nenti oned sound source 5 by referring to Figs.

2 and 3. Fig. 2

5. a¢Bl ock .di agram showing a func- tional configuration of the sound source

5, wherein parts corresponding to those shown in Fig. 1 wll
ed by the sane nunerals. In Fig. 2, CT designates a contro

be desi gnat -
table to be set

in the predeterm ned nenmory ar- ea of the foregoing data RONII[err] Thi s

control table CT ABSTRACT OF THE DISCLOSURE

An electronic musical instrument. which is configured ¢o

simulate one or more instruments, provides a sound
display unit and a control portion. Herein, under
the control portion, the display unit displays the

predetermined graphic pattern corresponding to the

source, a

coiitrol of

tone-~

generation méchanism. i.e;.'tone—generation algorithm of an

instrument to be simulated. The sound source contains a

drive portion, é-toneAgeneration pbrtion and a resonance-

radiation portion, each of which further contains a digital'

signal processor (DSP). All of these portions function to

create a digitized musical tone signal correéponding—to a

simulated sound of the 1nstrumént by combining operation data

outputted from the DSPs. By controlling the display unit, it

is possible to arbitrarily vary the contents of the displayed

+~ tone-generation algorithm, so that the performer can easily

‘and freely perform a music on this eleétfonic musical

instrument.
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\5
|s“used to convert the performance information, supplied thereto via the

GPU 1 a, into sound source paraneters. The dr|ve unit 6 generates an
excitation signal corre- sponding to the instrunent to be sinulated, and
this ex- citation signal is supplied to the tone-generation unit 7.

WORK
RAM

S
|

Plb
FIG.1

RAM
J
DSP
DATA
ROM

4

J
L

]
PROGRAM
ROM

la

Cf’LJﬂj

— e v v o ——  qnas

DISPLAY
UNIT
IV
i
POINTING
DEVICE

CONTROL
ELEMENTS
i
PERFORMANCE
INPUT DEVICE

cet Has Been, RTlaced

T



this excitation signal
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unfit 6, 6a designates a drive DSP which enbodies the function of the. drive
Unit- 6. This drive DSP 6a is supplied with mcro-prograns corresponding to

i nstrunent to be sinulated. Thus,
DSP 6a creates the excitation signa

paraneters to be set to its in- tenal

t he operation manner of the-

6, two filters 6b,
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3
6y are respectively provided on the output |line and feed- back |ine coupled
‘to the tone-generation unit 7. Each of these filters is provided for
avoi di ng an anomal ous os- cillation of the signal passing therethrough at
t he “spe- cific frequency. Herein, filter coefficients of these filters,
i.e., their frequency characterlstlcs are controlled by the drive DSP 6a
Further, two buffers 6c, 6c shape wave-
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_forms of the stereo nusical tone signal (i.e., "Lout' and ' signals)
“outputted fromthe drive DSP 6a. The tone-generation unit 7 corresponds to-
the vi- bration source of the instrunent to be sinmulated, which consists of
a tone-generation DSP 7a, filters 7b, 7b, and buffers 7c, 7c. The

t one-generation DSP 7a is supplied with the mcro-prograns which correspond
to the oper-

G sar
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A
atfon manner of the instrument to be sinulated. Further, it oscillates the
excitation signal in response to the sound source paraneters set to the
internal registers Ri-R4. The filters 7b, 7b are designed to simnulate the'
frequency characteristic corresponding to the case where the nusical tone
sounded fromthe tone-genera- tion portion of the actual instrunent is
transmtted to-

\
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war'd the resonance-radiation portion or it is reflected by the
résonance-radi ati on portion and then returned back to the tone-generation
portion. The resonance-radi ati on portion 8 enbodies the

20
! . . ; |
/ /] sk
) TONE-GENERATIO . RESONANCE-
DRIVE PORTION PORTION RADIATION PORTION
i T
smsITK%G“l 1-BOLE TUBE TAPERED TUBE
n- .— : -
%TRING- -1 'SEINGLEL 2 ';—_PR o K
BOWING _ STRING -1 p1ano _
T T VA I [ Vg g: k-2
STRIKING 2| STRINGS BOX
—
STRING-| -3 i=-3 EXP HORN{ k-3
pLUCKING . | m%vggNE % BRASS 4
| ' —

Y i~4 ::: -4 | T | k-a
BREATH 2-gorE ! EXP HORN |/
(REED) E WOOD
Y ol . , V.10
= /1-5 -5 - METAL /k-5
BREATH BREECHES} BOARD
(NON-REED) TUBE

FIG.7

i



megonance and radi ation characteristics of the instru- nent to be

.simul ated, which consists of a resonance- radi ation DSP 8a and buffers 8b,
8b. This resonance- radiation DSP 8[err] is supplied with the

m cro- prograns corresponding to the operation manner of the instru- nent to
be sinulated. Further, it sinulates the reso- nance-radiation
characteristic corresponding to the
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.sound sour.ce pararreters set-to the internal registers RL -R4. Next,
detail ed description will be given with respect to configurations of the
internal registers RL-R4 provid- ed in each of the DSPs 6a, 7a, 8a by
referring to Fig. 16. In Fig. 16, 40-42 designate internal register
portions of the drive DSP 6a, tone-generation DSP 7a and res-
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anance-radi ati on DSP 8a respectively. Each of these in- ternal register
“sportions 40-42 is divided into four regis- ters RL -R4, each of which is
set with control paraneter CR control device CD and control table CT. This
control paraneter CP is the data which designates the opera- tion of the

I nstrument to be simulated. For exanple, when the drive DSP 6a is designed
to sinmulate the

R7
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stTi ng- bowi ng-type instrument such as the violin, data representing the
bowi ng velocity is set to CP(11) and data representing the bow ng pressure..
is set to CP(1 2). On the other hand, the control device CD indicates the
nunber of the performance input el enent by which the performance
information is supplied to No.s (where s= 1-4) register of each DSP. The
control table CT is used

m
| E
F Fl
2 P
T |85
~itn
A A
z QE
= Ok @
o ad
< H.m- :
¥ S =
u 22 -
@ i gg A
ﬁqzrqg 5 _C’—}
v w o H T E
® N -
AN - =
- N _ | O
0 1
EE e
il B l% g 5
o . T o I O o5 ]
w LA Aa A 2l B

FIG.11

&

& ke

& >

BNEIIPAE

‘L )

Z éd

S oL =

[ > [+ 2

o )

S Lw

- 5

(@]

3 < =

2

?]9 ) ]

L S S

§_ als
P
z B




-9

devi ce data CD

ed by the control

tercarry out t he "scal i ng" on the performance information supplied fromthe
formance i nput el enent designat -

per

FARIIE|

g4 NI
Y AT TR 7o) O K K
NOISSIWSNVIL AL T AVTEQ _
} i—- ; ' . -
1no—JolisTaaTovavEo) . 8 T
NOISSTIWSNVHL laviEa 3~ LTI

9=LNIOd .
ONIXIddV NOILVI™IA

g=ZUALTId F . —_V

8= Taa1TId

* GZHMBW NOIL30d
INIOd ONIXTddV NOILVIGIA  JIONIS NOILVIINIO-HANOL

Been Re

Vi




I i.the sound ‘source 5 which is configured as de- scribed above, the

~eXcitation signal outputted fromthe drive unit 6 is subject to the
oscillation in the tone-gen- eration unit 7, and the oscillated signal is
supplied to the resonance-radiation unit 8. In this resonance-radi ation
unit 8 which sinmulates the reflection termnal of the ac- tual instrunent,
the oscillated signal is converted into
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IN

] :

R -ouT
TRANSMISSION

CHASACTERISTIC
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t e f eedback signal which is then returned to the unit 6 via the unit 7. In
t.he above-nentioned circulating of the signal, the nusical tone signal is
to be formed. This nu- sical torne signal .is outputted fromthe output
termnals Lout, Rout of each of the DSPs 6a, 7a, ‘8a. Then, all of the

nmusi cal tone signals are added and m xed together in mxers 13, and
consequently it is possible to output '

START

DRIVE.PORTION /SE'
CONTROL, ROUTINE

!

TONE—GENERATIONI‘/,SEZ

PORTION CONTROL.
ROUTINE

1

RESONANCE—-RADIATION
PORTTON CONTROL |}L~SE3
ROUTINE

!

PRESET CALL 4
"ROUTINE L-/-S_E
)

OTHER PROCESSINGS /SES
| !
( RETURN)

FIG.14 (eray rovrme)

_—
This Sheet Has B

R



t-he> musi cal tone signal having the stereophonic compo- nents. Next, Fig. 3
i's a systemdi agram for expl aining the data conmuni.cation to be perforned
anong the DSPs. Each of the DSPs 6a, 7a, 8a has the conmunication port
havi ng four channel s by which 4-channel conmu- nication is carried out in
time sharing manner. As shown : .

SF1
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‘ .
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S_F4\~ DATA BY TABLE
DESIGNATED BY
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|

SFS | WRITE CONVERTED
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FIG.15 (CONTROL ROUTINE)
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imFig 3, the data comunication is made in the prede- termned order from
"slot 1 " to slot 4" in tine sharing manner. At first timng correspondi ng
to slot 1, the exci- tation signal outputted from "DSP6a(QUTI)" is supplied
to :DSP7[err](INJ)" via a mxer 15 while the oscillated sig- nal is
supplied to "DSP7a(l NK") from "DSP7a(QUTJ)". At next timng of slot 2,. the
foregoi ng feedback sig- :
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.naf- fronlDSPSIerr](FBCK)" Is supplied to "DSP7a(FBJ)" via the m xer 15,
While it is returned from"DSP7a(FBQJ) to "DSP6a(FBI)". Thus, the signal
circulating is made in the closed-loop. Such signal circulation is made at

timngs of slots 3 and 4.
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The present 11_'1vention relates to an electroniIc¢ musical
instrument which is.suitable for synthesizing a desirable

musical tone by combining plural sounds. Thsﬂma}hsswn

i i

electronic musical instruments each of which activates a

Prior Art

Recently, there are developed several kinds of

simulation model of a tone-generation mechanism of a non-
electronic musical instrument so as to synthesize its musical
tone. Such music synthesis technique ié disclosed in the
papers such as U.S. Patent Nos. 4,984,276 and 4,130,043.
Herein, there is disclosed an electronic musical instrument
. which simulgtes a tone-generation mechanism of the wind .
instrument 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—t&pe instrument such as the guitar and
étring-striking—type instrument sﬁch as the piano.
Mean&hile, currently produced electronic musical
instrument may provide piural FM sound sources called
"operators”. By arbifrarily combining some of these
operators, a desirable musical tone is to be synthesized. In
addition, the above-mentioned electronic musical instrument
provides a liquid crystal display (i.e., "LCD") which
ﬁisplays the combining state or connecting manner of these

operators. This combining state of the operators is called



nusi cal tone signal is outputted from OSP8[err] (Lgtt)* Eﬁ‘ 1LS§EE?:ESS’
i |

.the DSP 7a adds the signal oscillated therein to tR&?LAE

Whi | e

‘the DSP 8a adds the signal oscillated therein to tlhg output sigfal ¢f DSP
N

7a. Thus,

4, as simlar to slot 3, the nusical loge.signal cloriresponding toitHhe
st ereophoni c ri ght-

function of the foregoing mxer 13 can ke aqquym¢19 eft sl ot

Y
"algorithm” which is an important element for determining the

tone color of the musical tone 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
instrument to be simulated, such electronic musical
instrument must require completely different tone-generation
algorithm or 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 concerning the tone-
generation mechanism of the instrument itself to be
simulated. This is difficult for the non-professional user
who does not have the expert knowledge about the musigal
instfument, 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 tﬁe users. : '
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channel conponent is to be formed. [B] Operation Next, UEJENT@&E@E e
given with respect to the operation of the present enbc Byt I RQ
to Figs. 4 to 17. First, when the power is on in the elle troqtj gu@%f
i nstrument according to the present enbodi- ment, mainj A
Fig. 4 is activated, so -3

It is accordingly a p:imary object of the preéent
invention to prpvide an electronic musicél instrument which
can carry out the sound synthesis by freely using several
kinds of the tone-generation mechanisms of the non-electronic
musicallinstruments with ease!

In a first aspecﬁ of the present invention, there is
provided an electronic musical instrument comprising:

drive means for generafing an excitation signal
correspohding to tone-generation energy;

tone-generation means for resonating the excitation
signal so as to output a resonated signal;

display means for displaying tone-generation algorithms
defined by operation manners of the drive means and tone-
generation means respectively in form of the graphics or
graphic patters; and

algorithm control means for varyihg the operation
mahners of the drive means and tone-generation means
displayed by the display means and/or combinihg them so as to
control the tone-generation algorithms.

In a second.aspect of the present invention, there is
provided an electronic musical instrument comprising:

sound source means for outputting a musical tone signal
in accordance with a tone-generation algorithm which is pfe—
defined for each of instruments to be simulated;

| display means for displaying the tone-generation
algorithm in form of a predetermined graphic pattern; and

algorithm control means for controlling the display

means to thereby vary the contents of the tone—geneiiffizw—_a—-”-n-

algorithm in accordance with an operation made by a Been Rep
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that processing of the CPU 1 a proceeds to step SAL. In step SAl, severa

kinds of registers are reset, so that initialization is carried out. In

next step SA2, the CPU 1 a inputs switch setting info nr§@m§ ﬁ?d
designa- tion switch which is contained in the foregO|R!.E&hi ﬁelénﬁ'
in order to designate the operation mdg of the present {e ectronlcimJ C
i nstrument. As the oper- 1JAN B -j
performer. 4_}
| L

BRIEF_DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention

-~ will be apéarent 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: . |

Eigﬂ 1 is a block diagram showing the who;e_
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. 68 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 algorithm selection 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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ati on nodes, "There are provided "play node" (i.e., nncé»@kA@Egggﬁhg ET
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t he performance ra |on IS se- |ected sand ' paranet er| setttng node" (|.e,

node 3)

femperd

%I gorithm of the sound scurce35 Jles@?

Figs. 10 to 13 are drawings each illustrating an example

of a screen image to be displayed when the parameter setting

_routine is executed;

Fig. 14 is a flowchart showing a play routine;
Fig. 13 is a flowchart showing a sub-routine of the play
routine which is used for explaining a drive portion control

routine, a tone-generation portion controi routine and a

- resonance-radiation portion control routine to be executed

during execution of the play routine;
Fig. 16 shows a conceptual configuration 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 present invention by referring to the

. drawings.

tA] Configuration

Fig. 1 is a block .diagram showing the wholg
configuration of an electronic musical instrument according
to an embodiment of the present invention. In 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 lc and a work random-

- access memory (RAM) 1d. The CPU la up-loads programs read

from'fhe 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. 1In
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A /
wherein the sound source gheters are set. - 11 =1

t-he proceSS|m@sﬁsa = A
operat i on m)d(—:““

\to*one of steps SA4- SA7

31 JAN 997

addition to several kinds of control programs to be used by
the CPU la, the program ROM 1b memorizes other kinds of
micro-programs to be loaded to the digital signal processor
(DSP), which operation will be described later. Further, the
data ROM 1lc stores data tables which are used for the data
conversion. Furthermore, the work RAM 1d is used as the work
area of the CPU 1a, so that it temporarily'stores several
kinds of data. Meanwhile, 2 designates a performance input
device which contains performance input elements such as the
keyboard and wheel so as to create performarice information
corresponding to the operation to be made thereto by the
performer. . In addition, 3 designates several kinds of
control elements such as the slide volume-controls and key
switches which are arranged on the control panel (not shown).
Further, 4 designates a disﬁlay 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. |

53 designates a sound source which simulates the tone-
generﬁtion mechanism of the non-electronic musical
instrﬁment, e.g., wind instrument such as the clarinet,
string-bowing-type instrument such as the violin, 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 "bSP" and "RAM", wherein "RAMJ temporarily stores severai

kinds of operation data of "DSP". Incidentally,

configuration'and operation of these units 6-8 will be
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described later. Meanwhile, 9 designates a digital-to—anglog
converter whiéh converts the digital musical tone signal
outputted from the sound source 3 into the corresponding
analog signal. 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-type device and the like.
This pointing device 11 is ﬁsed to poinf 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
cénfiguration of the sound source 3, wﬁerein parts
corresponding 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 foregoing
data ROM 1c. This control table CT is used to convert the
performance information, supplied thereto via the CPU lia,
into sound source parameters. The drive unit 6 generates an
excitation signal 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 drive 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; 6a.-designates a drive D$P which embodies the function

of the drive unit 6. This drive DSP 6a is supplied with
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step SA3,

micro-programs corresponding to the OperatIaﬁ"manﬁﬁfgfﬁhﬁﬁﬁF‘
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 R1-R4. In the
drive unit 8, two filters 6b, 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 6a. Further,
two buffers 6c, 6c 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 simula;ed,.which consists of a
tone-generation bSP 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”Rl-R4. The filtérs 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 1is
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



selection r I'ne is to be aclivated. When the a

&

is started, algprhéeh program (not shown)iy:

di splay unit 4 i mage of the initial’
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sound source 5. reinafter, descriptio wll be lgijven_w cti to this

initial menu. In Fig. 7,

and radiation characteristics of the instrument to be
simulated, which consists of a resonance-radiation DSP 8a and
puffers 8b, 8b. This resonance-radiation DSP 8a is supplied
with the micro-pfograms corresponding 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 Ba, 7a, 8a by referriﬁg to Fig. 16. 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 internél 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 B6a is designed to simulate
the-string-bowing—type instrument such as the violin, data
representing the bowing velocity is set to CP(ll) and data
representing the bowing pressure is set to CP(12). On the
other hand, the control device CD indicates the number of the

- performance input elément 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



“!‘-;esignates a sound source al gorithmdisplay EH%Ewggéﬁwesents t he
.operation manner of the sound source 5. This p sithe

m cr o- pr ogr gBsHey HAWB&R REfMRedr i ve unit 6, toneig neratlon éﬁyt 7{and res-

onance-r adi at respectively operatied iZ1fJint con' . This
"icon' ilhusﬂ H
by each of t

ation man; ggrof theg ijnstrunent to Be{simul ated
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 instrument,
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. This mus1cal tone signal is
outputted from the output terminals Lout.-Rout of ~each of the
DSPs 6a, 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, Ta, 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 tiﬁe sharing manner. At first timing
corresponding to siot 1, the excitation signal outputted from
"DSPBa(QUTI)" is supplied to "DSP7a(INJ)" via a mixer 15,
while the oscillated signal is supplied to "DSP7a(INK)" from
"DSP7a(0UTJ)".

At next timing of slot 2, the foregoing feedback signal
from-"DSPSa(FBOK)" is supplied tb "DSPT7a(FBJ)" wvia 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 stereophonic left-channel component is
outputted from "DSP6a(Lout)”, and it is inputted into .
"DSP7a(Lin)}" via the mixer 15. Then, it is supplied from
"DSP7a(Lout)" to "DSP8a(Lin)".  Thereafter, the final musical
fone signal is outputted from "DSP8a(Lout)". In this
process, the DéP Ta adds thé signal oscillated therein to the
input signal, while the DSP 8a adds the signal oscillated
therein to the output signal of DSP Ta; Thus, function of
the foregoing mixer 13 can be achieved; At next slot 4, as
similar to slot 3, the musical tone signal corresponding to
the stereophonic right-channel component is to be formed.
(B] Opefation |

Next, description will be given with respect to the

operation of the presigt embodiﬁent by referring to Figs. 4
to 17. First, when the power is dn 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 pfoceeds to step SAl. In step SAl, several kinds of
registers are reset, so that initialization is carried out.
In next -step SA2, the CPU l1la inputs switch setting
information for the mode designation switch which is
contained in the foregoing control elements 3 in order to
designate the operation mode.of the present electronic
musical instruﬁent. 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 1s
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 modg corresponding
to the setting manner (i.e., modes 0-3) of the above-
mentioned mode designation éwitch. More specifically, theé
processing proceeds to step SA4 when "mode 1" is designated,
while the processing proceeds to step éAS-when "mode 2" is
designated. In addition, the processing proceeds to step SA6
when "mode 3" is designated, while the processing proceeds to
step SAT when "mode 0" is designated.

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

@ Algorithm Selection 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 designates 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



abl e icon by‘ThE“ﬁTﬁEEEE’BT#FﬁEﬁaIgorithn1se|ect %E?¥&EPﬂ—ﬂAPS

described | atgy
i-1toi-5 for
t one- generatlon
portion K.
sel ection routlne by mhlch deS|rabIe lcon is se-

be

Jgh will
Eaﬁ@&&a@ally it is possiblelto select onejof icons
tion i, icons j-1 {olj -B1fiaN 199
i cons k- 1 to k-5 for the resonancet r pdi ati on
Next! vaI be giygn.w th fespecr-to the al gprithm

unit 6, tone-generation unit 7 and reéonance—radiation unit 8
are respectively operated in form of "icon". This "icon”
illustrates Fhe 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 oberation of tﬁe tone-generation
"unit 7 illustrates "l-hole tube"”; and iéon of resonance-
radiation poftion k representing the oﬁeration of ‘the
resonance-radiation unit 8 illustrates "tapered tube”. As
each of the above-mentioned drive po;tion i, tone—generation
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 1is
selected so as to set the desirable tone-generation algorithm
of the sound source 5 by referring to Fig. §. First, when
the display operation of the foregoing initial menu is
completed, the processing proceeds to step SBl. When the
mouse-type deviée is used as the pointing device 11, icon
selected by this mouse~type device is 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
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string) and k-2 (small box) are respectively selected for the
drive portion i, tone-generation portion j and resonance-
radiation portion k, the sound source algorithm simulating
the violin is registered to the display portion 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 read data (i,j,k), the CPU la reads out
the corresponding micro-programs from the program.ROM 1b.
Then, the read micro—programs“are 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 inpﬁt 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,Jj.k)
and performahce 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 is supplied to No.s (where s=l—4)

register of each DSP. In addition, the control table CT
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memorizes 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 daéa CD is set as its injtial 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
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 de#ice 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, keyboa:d 30a, wheel 30b, joy stick 30c and
portamenfo bar 30d are registered as the performance input
elements displayed in the display portion 30, for example.

On the other hand, 31 designates.another display portion

which displays the operation 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 under operation of
the foregoing algorithm selection routine. In an example of
Fig. 8, the bow (i.e.f string~bowing type) is set 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
soundlsource parameters. Fuffher, 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 set 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 connectioh. 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 performance 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 change, the
judgement result of step SC1 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 example, when the pointing
device 11 is operated to connect "keycode" of the keyband
30a in Fig. 8 with "control 1" of the drive portion 3la, the
previous displayed connection is changed such that "keycode"
is connected to "control 1". In next step SC3, the contents
of the control table CT is_set again'in response to the
changed performance input element. Then, the processing
proceeds to step SC4 wherein new control dev1ce data CD is
set in response to the above-mentioned change. .

Meanwhile, if no change is made in the device seiection
menu so that the previous displayed connectfén is remained as
.it is, the judgement result of step SC1 turns to "NO", so
that the processing difectly proceeds to step SC4 wherein
only the device'data CD is renewed. In next step SC3, 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
addition to the normal performance techhique. it 1is possible
to carry out another performance technique by use of the same
berformance input element. For example; performance of the
stringed 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 SA6 in accordance with the
judgement result of step SA3, so that the parameter setting '
routine is activatéa. In this parameter setting routine, the
present system carries out the editing operation on the
control parameters to be set to the drive DSP 6a, tone-
generation DSP 7a and resonance-radiation DSP 8a, and it also
carries out the graphic display of the whole algorithm in the
sound source 3.

First, when this routine is activated. the processing of
CPU 1ia proceeds tp.§%ép 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-
radiétion 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
.parameters CP which are currently set.

Thereafter, the processing proceeds td step SD2 wherein
the input 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. lé illustrates an example of the graphic
display whlch represents the algorlthm simulating the
operation of the reed such as the,ciarinet. 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 parameter CP of the resonance-
radiation DSP 8a is to be edited. This editing operation is
made by the graphic display of the algorithm of the tone-
generation unit 7 as illustrated in Figs. 11, 12. Fig. 12
illustrates an example which displays the~a1g§rithm
simulating the tone-generation mechanism of the string such
as the guitar. As the control parameters CP, this example
uses the filter which simulates the string vibration and the
vibration applying point on the string. Herein, it is
possibie 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 algofithm 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., position of the tube,
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its radius, number of stages and horn length. Herein, 1t is
possible to change them or add new parameters.

After completing each of the processes of steps SD3-to
SD3, the processing proceeds to'step SD6 wherein it is judged
whether or not the control parameter CP of each DSP is
changed. If the control parameter CP is added_or corrected,
the judgemént result of step SD6 turns to "YES”, so that the
processing proceeds to step SD7 wherein on the basis of the
changed control parameter CP, the sound source 5 is driven to
make a sounding test. In this sounding test, gain balance of
the closed loop of the sound source 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 having
the fundamental 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 SD8 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 control 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 processing proceeds to step SD1l. 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-paraﬁeter
CP into the memory. In next step SD12, all of the sound'
source parameters are registered in-the predetefmined 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 parametefs CP, control
device data CD and control table data CT. In last step SDh13,
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 completed.
® Play Mode

This mode is activated 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 sfep 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 set in the internal registers 40-42 of the
DSPs as shown in Fig. 16 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. In 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. 1In next step SF1, it is judged
whether or not the control ﬁarameter CP(11) is not at "0" and
the variable s is larger than "4". If some data is set as
the control pafameter CP(11), 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). 1In step SF5, the scaled data is
written into the internal register Rl in the drive DSP 6a.
Thus, the DSP 6a generates the foregoing excitation signal.
'in next step SF6, the foregoing variable s is incremented so
as to repeat the above-mentioned processes. Thereafter,
until the control parameter CP(ls) becomes equal to "O0O",
i.e., until no control parameter is existed, the read-out
operation is made repeatédly on each data. As a result, the
DSP 8a can sequentially correct the excitation signals in_
response to.the other control parameters CP.

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

started. In this tone-generation-portion control routine,
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processes as similar to those of the foregoing step SEl are
executed. 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 reglster at "1". Next, it is judged
whether or not the control parameter CP(21) is not at "0" and
variable s is larger than "4". If some data is set as the
control parameter CP(21), the CPU la reads in the performance
information of the performance input element designated by
the control device data CD(21) so as t6 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 repeatedly
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 repeatedly on each data.:. 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 similaf to those of the
foregoing steps SE1l, SE2 are executed, so that the DSP 8a can .
reproduce the resonance-radiation characteristic of the
instrument to be simulated.

As described above, in the steps SE1 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 possiblé to perform a music by the desirgble
musical tones. |

By the way, when changing the tone color of the musical
tone which is generatihg now by the performing operation, the
read-out operation is made on the preset data which is
registered in the foregoing parameter setting mode. Herein,
the PreSet'data indicate the %Bregoing 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 SG1 shown in Fig. 17. 1In step SGl1, 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 predetermined work memory. Next,
the processing proceeds to step SG4 wherein the control.
paradeter 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 musical tone having the different
tone color.

Lastly, this iﬁvention may be practiced or embodied in
still other waYs.without departing from the spirit or
eésential character thereof as described heretofore.
Therefore, the preferred embodiment described herein is
illustratlve and not restrictive, the scope of the invention
belng 1ndlcated by the appended claims and all varlations
which come within the meaning of the claims are intended to

be embraced therein.

_—
This Sheet Has Been R,

LT i



tion 31 a,'ﬁﬁﬂ‘BﬁﬁTﬁﬁ—VETBEity, bow ng pressure and filter are set as the

» sound source ddition, th tri ' t i .
'ltone- ge_nerat,immﬂuuﬂmglms!wu délndl 32| ay Feﬁg[ L?gdgfaf,era't inofi fi I ter and_
Sg?pi %al n are*set a8 the ?un .source paraneters M&MENﬁIﬁFﬂoard IS

- 26 -

3 1JAN 1997

WHAT IS CLAIMED IS:

1. In an electronic musical instrument 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 instrument
comprising:

display means for displaying tone-generation algorithms
defined by opération manners of said dfive means and said '
tone-generation means reSpectivel& in form of the graphics or
gfaphic patters; and

algorithm control means for varying the operation
manners of said drive means and sald tone-generation means
displayed by said display means and/or combining them so as

to control sgid tone-generation algorithms.

2. An electronic musical instrument comprising:

sound source means for outputting a musical tone signal
in accordance with a tone-generation algorithm which is pre-
defined 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 operaﬁion made by a

performer.

3. An electronic musical instrument as defined in claim 2

This Sheet Has Been -Rzﬂlaced .
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- 15- a resonance-radi ation portion 31c, and pan, depth and filter are set
as the sounW As descrl bed aboye

~heopecation
paraneters are set IE“i mmi tion. Then, these )ﬁ’ﬁ?il,ﬁg@E iahg SHRRELted to

respective pe““‘“m Iemants whi ch are
* [

e L= 27 - 3 1.0AN 1997

wherein said sound source means contains a drive portion, a
tone-generation portion and a reéonance-radiation portion all
of which function to create said musical tone signal

corresponding to an instrument to be simulated.

4. An electronic musical instrument as defined in claim 3
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.
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regi stered on the basis of the foregoing device data, on
the user can identify the control rela- tionship between
i nput el enent and DSP with -ease. Next, description wll
respect to the device selection routine by referring to
performance input element is deterningd by use of

e .Screen.

Thus,

i q. wherein t
] 36 1JAN 1997

ELECTRONIC MUSICAL INSTRUMENT

b

e

ABSTRACT .OF THE DISCLOSURE

An electronic musical instrument, which is configured to
simulate one or more instruments, provides a sound source, a
display unit and a control portion. Herein, under control of
the control portion, the display unit displays the
predetermined graphic pattern corresponding to the tone-
generation mechanism, i.e., tone generatlon algorithm of an
instrument to be simulated. The sound source contains a
drive portion, a tone-generation portion and a resonance-
radiation portion, each of which further contains a digital
signal processor (DSP). All of these portions function to
create a digitized musical tone signal corresponding to a
simulated sound of the instrument by combining operation data
outputted from the DSPs. By controlling the display unit, it
is possible to arbitrarily vary the contents of the displayed
tone-generation-algorithmi so that the performer can easily
and freely perform a music on rhis electronic musical

instrument.

FIGURE 1
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t he displayed connection. Wien the device selection nenu is conpleted, the
processing proceeds to step SCL in Fig. 6 wherein it is judged whether or

not the currently regi stered perfornmance i nput el ement

i s _changed. ThIS

step judges that the perfornance input elenent is chang
di spl ayed connection in- formation is chgnged by the po
such as

At e

3 1JAN 1997

STEREO

S

Id

e |

-
|
|

ORK
RAM

A

7
p y

ic
W

)

p -
}
4

b
/1

— et e e bt e cmn e e e s e — — —  — ——

la

i
DATA
ROM

y 4
b
J

3
4

OGRAM
ROM

4

cpu/.PR

l——4
|

l

|

L

'/H

4
POINTING
VIC

S

DISPLAY
UNIT
]

FIG.1

CONTROL
ELEMENTS
i
4
PERFORMANCE
INPUT DEVICE

_—
This Sheet Has Been R,

DT




result of step
e 11 is operated to

"keycode" of the keyboard 30a imF.g. 8 with }{EpltAr M"\TT
AT

t he judgenent

When t he pointing de

When there is a change,
so that the processing proceeds to step SC2 wherein the

di spl ayed connection is changed in accordance with the change nmade by the

poi nti ng device 11. For exanpl e,

t he nouse-type device.
connect
drive

SC1 turns to "YES',

3 1JAN 1997
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portion 31 a, the previous displayed connection is changed such that
"keycode" is connected to 'control 1". In next step SC3, the contents of
the control table CT is set again in response to the.changed performance

i nput el enent. Then, the processing proceeds to step SC4 wherein new
control device data CDis set in re- spopse to the above-nentioned change.
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Meanwhil e, if no change is nmade in the device se- lection nenu so that the
previ ous di spl ayed connection is remained as it is, the judgenent result of

‘step SC1 -16 -
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turns to "NO', so that the processing directly proceeds to step SC4 wherein
only the device data CDis re- newed. In next step SClerr], 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 tthg main routine. As a result, each

DSP will operate in re- REPLACEMRNT ]
\CEMENT SHERT

3 1JAN 1997
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INPUT ALGORITHM DATA (1,].k)

REPRESENTING COMBINATION OF

ICONS RESPECTIVELY SELECTED
FOR DRIVE PORTION, TONE-
GENERATION PORTION,

.RESONANCE-RADIATION PORTION
SB2

READ MICRO-PROGRAMS.
CORRESPONDING TO (1,],k)
FROM PROGRAM ROM
AND SET THEM TO DSPs

SB3
) §
RENEW DATA CT REPRESENTING
THE CONTENTS OF CONTROL TABLE ON
THE BASIS OF (1,J,k) AND

PERFORMANCE INPUT DEVICE DATA CD OF
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SB4
[

INITIALIZE
EACH PARAMETER
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sponse to the function of the performance i nput el ement of which operation
-1s newy defined. Thus, it is possible to arbitrarily define the function
of the performance input elenment. Therefore, in addition to the nornal
perform ance technique, it is possible to carry out another per- fornmance
techni que by use of the sane performange.i nput el enent. For exanple,
performance of .the stringed '

REPLACEMENT SHEET
| 3 1JAN 1997

" sCl

ANY CHANGE
IN REGISTERED
DEVICE ?
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CHANGE IN REGISTRATION
OF DEVICE

(ADD, DELETE, etc.)
SC3._ |
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Sc4
AN

SET CONTROL DEVICE
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L

SC5\\>

RENEW DATA CT REPRESENTING
CONTROL TABLE ON THE
BASIS OF (1,j,k) AND PERFORMANCE
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FIG.6
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i nstrunent can be made by use of the keyboard. Paranmeter Setting Mdde Wen

the node designation switch is set at node 3,
step SA6 in accordance with the judgenent

pa- ranmeter setting routine is activated. In fhis:
routine,

t he processing proceeds to

so that the

result of step SA3,

FIG.7

the present systemcarries out yhe edit- T} f:ﬁﬁkﬁLdu
3 1 JAN 1997
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the processing of CPU la-
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eter CP of the DSP to be edited as the text display. Here- in, the operator
-input digits in accordance wwth the pronpt text (corresponding to edit
parts). Such digit in- put in the edit part has the foll ow ng neani ngs.

. 9 -
DESIGNATION /SD_'
OF EDIT PART SD2
<EDIT PART = ? >
i 2 3 o
EDIT EDIT " |EDIT PROCESS
o PROCESS OF
PROCESS OF OF PARAMETERS
| PARAMETERS | | pARAMETERS .OF
OF DRIVE OF TONE- ‘RESONANCE-
PORTION ||GENERATION| | RADIATION
‘ PORTION PORTION
SDe
PARAMETER YES : / S09
CHANGED ? sp7
TONE-GENERATION
< f PROCESS: PLAY
PERFORM SOUNDING ROUTINE
TEST TO ADJUST ES
GAIN BALANCE R
IN LOOP ¥RITE? /SD”
; o N9
: SDIO DESIGNATE
MAKE DATA TABLE PRESET
IN ORDER TO NUMBER -~ PN
| GENERATE SOUNDS ' SDi2
) | OF EACH SCALE SEND ALL OF
HAVING SET SOUND /
FUNDAMENTAL - SOURCE
PITCH OF PARAMETERS
DESIGNATED TO MEMORY
INSTRUMENT AREA
DESIGNATED
sps— BY PN
1
MODE — 0 : RETURN
TO PLAY MODE

FIG9 ' | (RETURN) SDI3
(PARAMETER SETTING ROUTINE) :
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-17 - i) Edit part "1: control parameter CP in the drive DSP 6a is to be

edited. - ii) Edit part "2";:control paraneter CP in the tone- generation
DSP 7a is to be edited. iii) Edit part "3": control parameter CP in the
reso- nance-radiation DSP 8a is to be edited.

- 10 -
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iv) Edit part"0":
‘on the basis of the control
Ther eafter,

to the in-

pa-

no editing i s nmade,

so that the tone- generation is nmade
rameters CP which are currently set.

t he processing proceeds to step SD2 whefei-nA-the-in it is
judged, so that the processing branches to the desi rﬁw?e’{é}gep‘ ToHEEpondi ng
put digit. For exanple, whegpq"1l" is inpuftgEd™ t'h’E"’“p‘T’Ot"eS‘S-
3 1 JAN 1997
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ing proceeds to step SO3 wherein the control paraneter CP in the drive DSP
6a is to be edited. Such editing op- eration is nmade by the graphic display
of the algorithmof the drive unit 6 as shown in Fig. 13. Fig. 13 .
illustrates an exanple of the graphic display which represents the
al gorithm sinulating the operation of -t A2 ~eed such as the clarinet

exanple, the filter and non-linear ta-

In this
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‘g\/\hi ch simul ates 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 inputted, the processing proceeds to step SD4
wherein the control paraneter CP of the resonance-radiation DSP ea is to be
edited. This ed|t| ng operation is made $y the graphic display of the

al gorithm

REPLACEMENT SHEET
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of the tone-generation unit 7 as illustrated in Figs. 11, 12. Fig. 12
“illustrates an exanple which displays the al- gorithmsinulating the

t one- generati on nechani smof the string such as the guitar. As the control
paranmeters CP, this exanple uses the filter which sinmulates the string
vibration and the vibration applying. pgint on the string. Herein, it is
possi bl e to change them or add new

RFPLAC IMENT SHEET
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Par anet er s. -18- Next, when "3" is inputted, the processing proceeds to.
step SD[err] wherein the control paraneter CP of the

- 15 -
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resonance-radi ation DSP 8a is to be edited. This editing operation is nade

‘by the graphic display of the algorithmof the resonance-radiation unit 8
as shown in Fig. 10. Fig. 10 illustrates an exanpl e which displays the
algo- -rithmsinmulating the resonance radi ation of the tapered tube.
control paraneters, this exanple uses tlge-data defining the shape of this
tapered tube, i.e., posi- '

RESONANCE-RADIATION

/\
TONE-GENERATION

DRIVE PORTION

As the
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tion of"the tube, its radius, nunber of stages and horn length. Herein, it

I s possible hem or add new paraneters. After conpleting each of
t he processes of st SD3 to SD5, the processing proceeds to step SD6
wherein it is jud ether or not the control paraneter CP of each DSP is
changed. If the c par aneter CP

ABSTRACT / ZUSAMMENFASSUNG / ABREGE
91119279.7

An electronic musical instrument, which 1s configured to
simulate one or more instruments, provides a sound source, a
display unit and a control portion. Herein, under control of
the control portion (1), the display unit (4) displays the
predetermined graphic pattern corresponding to the tone-generation
mechanism, i.e., tone-generation algorithm of an
instrument to be simulated. The sound source contains a
® drive portion (6), a tone-generation-
portion (7) and a resonance-radiation
portion (8), each of which further contains a digital
signal processor (DSP). All of these portions function to
create a digitized musical tone signal corresponding to a
simulated sound of the instrument by combining operation data
outputted from the DSPs. By controlling the display unit (4), it
is possible to arbitrarily vary the contents of the displayed
tone~generation algorithm, so that the performer can easily
and freely perform a music on this electronic musical
instrument.
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1046 73 Hes
i s added or, correct mlMM‘ML result of step SD6 turns to "YES", so .
““that the processi ndm“m 'SD7 wherein on the basis of the
changed control pa- tarfetér the sound sour ce 5 is driven to make a. :
sounding test. Ln_this- soundl ng test, gain poat

t he sound sour ceTHjs |§_, wsted to avoid thg &%Lﬂ% @F@F{og #ﬁ nej
step SDB, dataftable =26 - escription ° paged ..... naged .....
M Claim(s) :paged.*.to paged.”.
[3 Drawing(s) : paged..... to paged ...
[i Abstract :paged....to paged....

t

ra)

Claims DATE OF RECEIPT .. #lf41........

1. An electronic musical instrument for simulating
tone-generation mechanisms of various instru-
_ ments comprising:

'sound source means (5) for outputting a musi-
cal tone signal in accordance with a tone-gen-

. eration algorithm which is pre-defined for each
REPLACEMWT SHEET|  of the tone-generation mechanisms of the in-
24 JUN 1997 struments to be simulated;

display means (4) for displaying a representa-
tion (20) of said tone generation algorithm in
form of a predetermined graphic pattem (i-1, i-
2, ..., j-1,j-2, ..., k-1, k-2, ...) comprised of plural
portions of the instrument to be simmulated
which may be selected by a performer; and
algorithm control means (1) for controliing said
display means (4) in accordance with an oper-
ation made by a performer to display selected
portions of the instrument to be simulated and
for varying the contents of the tone generation
algorithm to correspond to the display.

2. An electronic musical instrument according to claim
1, wherein said sound source means (5) comprises:

a drive means (6) for generating an excitation
signal corresponding to tone-generation ener-
gy, o '

a tone-generation means (7, 8) for resonating
said excitation signal to thereby output a reso-
nated signal; and
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a plurality of drive algorithms and a plurality of
tone generation algorithms representing differ-
‘ent operation manners of the drive means (6)
and tone-generation means, respectively,
wherein said display means (4) displays a
graphic pattem (i-1, i-2, ..., j-1, -2, ..., k-1, k-
2, ...) representative of a selected drive algo-
rithm and a selected tone generation algorithm
defined by operation manners of said drive
means (6) and said tone generation means (7,
8) respectively, in form of the graphics or graph-.
ic patterns, and

said algorithm control means (1) varies the op-
eration manners of said drive means (6) and
said tone generation means (7, 8) to operate in
accordance with the displayed pattem as se-
lected by the performer.

An electronic musxcal instrument according to claim
1, wherein said sound source means (5) contains a
drive portion (6), a tone generation portion (7) and
a resonance radiation portion (8), all of which func-
tion to create said musical tone signal correspond-
ing to an instrument to be simulated.

An electronic musical instrument according to claim
3, wherein each portion of said sound source
means (5) contains a digital signal processor (DSP)
which outputs operation data corrasponding to
sampling data of sounds of an instrument to be sim-

ufated. . :
S
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. . AWonu7e-3 75
routi ne which will be described later In this routine, the tone-generation

ks carried out on the basis of the control parangter REFIPACEMERTSSHEETS €a®s

DSR. Incidentally, de- tailed description will bg m&igﬁ&{;ﬁggw"‘_r"e@pﬁéggd .

to this play routine. o ¥ Claim(s) :paged 2..t0 paged .2+
-1- Ef Drawing(s) : paged 1. to paged 77
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ELECTRONIC MUSICAL INSTRUMENT

* [REPLACEMENT SEEET|

- | I 20JUL 1998 | |
BACKGROUND OF THE INVENTION i

Description

Field of the Invention

_ The present invention relates to an electronic mu-
sical instrument which is suitable for synthesizing a de-
sirable musical tone by combining piural sounds.

Prior Art

Recently, there are developed several kinds of elec-
tronic musical instruments each of which activates a
simulation model of a tone-generation mechanism of a
non-electronic musical instrument so as to synthesize
its musical tone. Such music synthesis technique is dis-
closedinthe papers suchas 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 instrument 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-
type 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 op-
erators, a desirable musical tone is to be synthesized.



-19 - In next step SD10, it is judged whether or not the edited control
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In addition, the above-mentioned electronic musical in-
strument provides a liquid crystal display (i.e., "LCD") .
which displays the combining state or connecting man-
ner of these operators. This combining state of the op-
erators is called "algorithm" which is an important ele-
ment for determining the tone color of the musical tone
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 composmon '

with ease.

‘When applymg the above-ment:oned functlon to the
conventional electronic musical instrument which simu-
lates the tone-generation mechanism of the non-elec-
tronic 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 instrument to be simulated, such electronic mu-
sical instrument must require 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 mech-
anisms, it is required for the user to have the expert
knowledge concerning the tone-generation mechanism
of the instrument itself to be simulated. This is difficult
for the non-professional user who does not have the ex-

pert 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.



probess descri bed before, such decision is inputted by the key-in
soperation, so that the judgenent result of step SD10 turns to "NO'
the processing proceeds to step SD11. If not, the judgenent result

SD10 turns to "NO', so that the processing returns to the fore- goi
routine. In this case, the control paranmeters CP are te
the register of the CPU 1 a. o -3- Agpwgﬁf;ﬁ!ﬁ

SUMMARY OF THE INVENTION |

" Itis accordingly a pr’ima_ry object of the present in-
vention to provide an electronic musical instrument

‘which can carry out the sound synthesis by freely using

several kinds of the tone-generation mechanisms of the

non-electronic musical instruments with ease.

The invention is defined by the appended independ-
ant claim 1, with advantaqeous embodiments gwen by

the dependent claims. -

BRIEF DESCRIPTION OF THE DRAWINGS

Further objeéts and advantages of the present in-
vention will be apparent from the following description,
reference being had to the accompanying drawings
wherein the preferred embodiment of the present inven-
tion is clearly shown.

In the drawings:

_Fig. 1 is a block diagram showing the whole config-
uration of an electronic musical instrument accord-
ing to an embodiment of the present invention;
Fig. 2 is a block diagram showing a detailed config-
uration 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 execut--

ed;

Then,
of step
ng main
ored in



The,ref:ore,' they are erased with the power off. In step SD11, the operator
«<inputs the present nunber PN which is used when registering the edited
control paraneter CP into the nenory. In next step SDL.2.__all of the.sound

source paraneters are registered in the predeterm neRFqugEyWethﬂ
desi gnated by the inputted present nunmberg PN. Then, |the—proecessrng=pr ¢-
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Fig. 5 is a flowchart showmg an algonthm selection
routine;
Fig. 6 is a flowchart showing a device selection rou-
tine;
Fig. 7 illustrates an example of a screen image of
an initial menu which is displayed by the present

~ embodiment when the algorithm selection routine
is started; . :
Fig. 8 illustrates an example of a screen image for
‘the device selection to be displayed when the de-
vice selection routine is started;
Fig. 9 is a flowchart showing a parameter setting :

~ routine;
Figs. 10to 13 are drawmgs each illustrating an ex-
ample of a screen image to be displayed when the
parameter setting routine is executed, |
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 explaining a drive por-
tion control routine, a tone-generation portion con-
trol routine and a resonance-radiation portion con-
trol routine to be executed during execution of the
play routine;
Fig. 16 shows a conceptual configuration 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 em-
bodiment of the present invention by referring to the
drawings.

[A] Configuration



céeds» to step SD1 3. Herein, all of the sound source pa- raneters contains
.. the control paraneters CP, control device data CD and control table data

CT. In last step SD13, the current operation e AT ®Br set-
ting mode (i.e., node 3) is reset to the play Lﬁﬂﬁéém. Thus,
processes of this routine is conpleted, gRl ay
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Fig. 1is a block diagram showing the whole config-
uration of an electronic musical instrument according to
an embodiment of the present invention. In Fig. 1, 1 des-
ignates a control portion which controls several portions
‘of this instrument in real-time manner. This control por-
tion 1 consists of a central processing unit (CPU) 1a, a
program read-only memory (ROM) 1b, a data ROM 1c¢
and a work random-access memory (RAM) 1d. The
CPU 1a up-loads programs read 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 1a, the.
program ROM 1b memorizes other kinds of micro-pro- -
grams to be loaded to the digital signal processor (DSP),

“which operation will be described later. Further, the data
ROM 1c¢ stores data tables which are used for the data
conversion. Furthermore, the work RAM 1d is used as
the work area of the CPU 1a, so that it temporarily stores
several kinds of data. Meanwhile, 2 designates a per-
formance input device which contains performance in-
put elements such as the keyboard and wheel so as to
create performance information corresponding to the
operation to be made thereto by the performer. In-addi-

tion, 3 designates several kinds of control elements
such as the slide volume-controls and key switches
which are arranged on the control panel (not shown).
Further, 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 fore-
going control portion 1. :



This node is activated when the edited control
“ registered into the nenory as de- scribed before,
designation switch is set at node 0. Herein, accordingto fhv

result
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. S designates a sound source which simulates the |
tone-generation mechanism of the non-electronic musi- .

cal instrument, e.g., wind instrument such as the clari-
net, string-bowing-type instrument such as the violin,
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-genera-
tion unit 7 and a resonance-radiation unit 8. Each of
themis configured by “DSP" and *“RAM", wherein "RAM"
temporarily stores several kinds of operation data of
"DSP". Incidentally, configuration and operation of these
units 6-8 will be described later. Meanwhile, 8 desig-
nates a digital-to-analog converter which converts the

digital musical tone signal “outputted from the sound _

source § into the corresponding analog signal. Further,
10 designates a sound system which generates a mu-
sical tone corresponding to the musical tone signal sup-
plied thereto. Furthermore, 11 designates a pointing de-
vice made by the mouse-type device and the like. This
pointing device 11 is usedto point 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 func-
tional configuration of the sound source 5, wherein parts
corresponding to those shown in Fig. 1 will be designat-
ed by the same numerals. In Fig. 2, CT designates a
control table to be set in the predetermined memory ar-
ea of the foregoing data ROM 1c. This control table CT
is used to convert the performance information, supplied
thereto via the CPU 13, into sound source parameters.
The drive unit 6 generates an excitation signal corre-
sponding to the instrument to be simulated, and this ex-
citation signal is supplied to the tone-generation unit 7.

pa- raneters CP are
or when the nDde
tdgenment



-20 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 set in the internal registers 40-42 own in Fig.
16 is read out, so that the nusicaltone of t ument can be
generated in response to the performng oper -

20JUL 1998

‘This excitation signal corresponds. to the energy which
is_ required for the tone generation. For example, when
this drive unit 6 is designed to simulate the wind instru-
ment such as the clarinet, this excitation signal corre-
sponds to the blowing pressure or Embousure. In drive
unit 6, 6a 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 correspond-
ing to the sound source parameters to be set to its in-
ternal registers R1-R4. In the drive unit 8, two filters 6b,
6b are respectively provided on the output line and feed-
back line coupled to the tone-generation unit 7. Each of
these filters is provided for avoiding an anomalous os-
cillation of the signal passing therethrough at the spe-
cific frequency. Herein, filter coefficients of these filters,
i.e., their frequency characteristics are controlled by the
drive DSP 6a. Further, two buffers 6¢, 6¢c shape wave-
forms 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 vi- -
bration source of the instrument to be simulated, which
consists of a tone-generation DSP 73, filters 7b, 7b, and
buffers 7¢, 7¢c. The tone-generation DSP 7a is supplied
with the micro-programs which correspond to the oper-
ation manner of the instrument to be simulated. Further,
it oscillates the excitation signal in response to the
sound source parameters set to the intemal 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-genera-
tion portion of the actual instrument is transmitted to-



tion. In first step SE[err] of this routine, the drive- portlon control

routine, as shown in Fig. 15, is started, so that the processin
In step SF1, a var- iable "s" repres

lo step SF1.

ceeds

. : “’*‘g?—‘ HEH
registers is set at '1" in order to read out each |RE} e{set to

the internal register40 of thedrive DSRy6a. In nejt step SF1,
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ward the resonance-radiation po'rtion' orit is reflected by
the resonance-radiation portion and then returned back

to the tone-generation portion.
The resonance-radiation portion 8 embodles the

resonance and radiation characteristics of the instru-

ment to be simulated, which consists of a resonance-

radiation DSP 8a and buffers 8b, 8b. This resonance-

radiation DSP 8a is supplied with the micro-programs

corresponding to the operation manner of the instru--

ment to be simulated. Further, it simulates the reso-
nance-radiation characteristic corresponding to the
sound source parameters set to the internal registers
R1-R4.

to configurations of the internal registers R1-R4 provid-
ed in each of the DSPs 6a, 7a, 8a by referring to Fig.
16. In Fig. 16, 40-42 designate internal register portions
of the drive DSP 6a, tone-generation DSP 7a and res-
onance-radiation DSP 8a respectively. Each of these in-
ternal register portions 40-42 is divided into four regis-
ters A1-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 opera-
tion of the instrument to be simulated. For example,
when the drive DSP 6a is designed to simulate the
string-bowing-type instrument such as the violin, data
representing the bowing velocity is set to CP(11) and
data representing the bowing pressure is set to CP(12).
On the 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 performance input element designat-
ed by the control device data CD.

Next, detailed description will be given with respect



it i's judged whether or not the control paranmeter CP(11) is not at "0" and
the variable s is larger than "4". If sone data is set as the control
paraneter CP(1 1), the judge- nment result of step SF2 turns to "NOQ' so
that the processing proceeds to step SF3. In step i ,E‘._E.rggﬁg@i’rrance

i nformation of the performance input elepgnt desi eyt he-eent | ol
device data CD(11) is read, :
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" In the sound source 5 which is configured as de-
scribed above, the excitation signal outputted from the.
drive unit 6 is subject to the oscillation in the tone-gen-
eration 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 ac-
tual instrument, the oscillated signal is converted into
the feedback signal which is then returned to the unit €
via the unit 7. In the above-mentioned circulating of the
signal, the musical tone signal is to be formed. This mu-
sical tone signal is outputted from the output terminals
Lout, Rout of each of the DSPs 6a, 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 compo-
nents. :

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 commu-
nication is carried out in time sharing manner. As shown
in Fig. 3, the data communication is made in the prede-
termined order from "slot 1" to "slot 4" in time sharing
manner. At first timing corresponding to slot 1, the exci-
tation signal outputted from “DSP6a(OUTI)" is supplied
to "DSP7a(INJ)" via a mixer 15, while the oscillated sig-
nal is supplied to "DSP7a(INK)" from *DSP7a(OUTJ)".

At next timing of slot 2, the foregoing feedback sig-
nal from "DSP8a(FBOK)" is supplied to "DSP7a(FBJ)"
via the mixer 15, while itis returned from "DSP7a(FBQJ)

" 10 "DSP6a(FBI)". Thus, the signal circulating is made
in the closed-loop. Such signal circulation is made at

timings of slots 3 and 4.



and then the processing proceeds to step SF4 wherein the scaling operation
-is carried out on the read perform ance data by. use of the dat a table

designated by the control table CT(11). In step S
wit- ten into the internal register RlL in the dr
6a generates the foregoing excitation slanal I n

foregoing variable s is in-

EPIDeE YA
eXt step SF6 t he
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- At timing of slot 3, the musical tone signal corre-
sponding to the stereophonic left-channel component is
outputted from “DSP6a(lLout)’, and it is inputted into
“DSP7a(Lin)" via the mixer 15. Then, it is supplied from
“DSP7a({lLout)" to *DSPBa(Lin)". Thereafter, the final
musical tone signal is outputted from "DSP8a(Lout)". In
this process, the DSP 7a adds the 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 slot 3, the musical

tone signal correspohding 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 referring to
Figs. 410 17. First, when the power is on in the electronic
musical instrument according to the present embodi-
ment, main routine as shown in Fig. 4 is activated, so
that processing of the CPU 1a proceeds to step SA1.in
step SA1, several kinds of registers are reset, so that
initialization is carried out. In next step SA2, the CPU 1a
inputs switch setting information for the mode designa-
tion switch which is contained in the foregoing control
elements 3 in order to designate the operation mode of
the present electronic musical instrument. As the oper-
ation modes, there are provided "play mode" (i.e., mode
0) wherein the performance operation is made, "algo-

rithm selection mode” (i.e., mode 1) wherein the tone-.

generation algorithm of the sound source § is selected,
*device selection mode" (i.e., mode 2) wherein the de-
vice for carrying out the performance operation is se-
lected and “parameter setting mode" (i.e., mode 3)
wherein the sound source parameters are set.



crenmented so as to repeat the above-nentioned proc- esses.
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-until the control paraneter CP(1 s) becones equal
control paraneter is existed, the read-out operat
each data. As a result, the DSP 6a can sequenti al
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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 switch. More
specifically, the processing proceeds to step SA4 when -
“mode 1" is designated, while the processing proceeds
to step SA5 when "mode 2" is designated. In 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 glven with respect to the
operation of the present embodiment in each mode.

‘@ Algorithm Selection Mode

When the mode designation switch is set at mode

1, the pracessing proceeds to step SA4 in accordance
with the judgement result of step SA3J, 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 designates 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 unit 6, tone-generation unit 7 and res-
onance-radiation unit 8 are respectively operated in
form of "icon®. This “icon" illustrates the operation man-
ner 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



-21 -  Next, when the processing proceeds to step SE2 in Fig. 14, the
t one-generation-portion control routine is to be started. tn this
t one- generation-portion control rou-
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"string-striking 1" wherein the hammer strikes the string;
icon of tone-generation portion j representing the oper-
ation of the tone-generation unit 7 illustrates "1-hole
tube”; and icon of resonance-radiation portion k repre-
senting the operation of the resonance-radiation unit 8
ilustrates “tapered tube®. As each of the above-men-
~ tioned drive portion i, tone-generation portion j and res-
onance-radiation portion k, it is possible to select desir-
able icon by the process of the algorithm selection rou-
tine which will be described later. More specifically, it is
possible to select one of icons i-1 to i-5 for the drive por-
tion i, icons j-1 to j-5 for the tone-generation portion jand
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 se-
lected so as to set the desirable tone-generation algo-
rithm 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 SB1.
When the mouse-type device is used as the pointing de-
vice 11, icon selected by this mouse-type device is reg-
istered to the sound source algorithm display portion 20
in step SB1. For example, when icons i-1 (i.e., string-
striking), j-1 (single string) and k-2 (small box) are re-
spectively selected for the drive portion i, tone-genera-
tion portion j and resonance-radiation portion k, the
sound source algorithm simulating the violin is regis-
tered to the display portion 20. In next step SB2, aigo-
rithm data (i,j,k) which is registered to the display portion
20 as described above is read by the CPU 1a. In re-
sponse to the read data (i,j, k), the CPU 1a reads out the
corresponding micro-programs from the program ROM
1b. Then, the read micro-programs are respectively
loaded to the drive DSP 6a, tone-generation DSP 7a



tine, processes as simlar to those of the foregoing step SE [err] are

executed. More specifically,

set-in the interna

FLAGE:

"*"3"“”0. at”’ :
o JUL 1998

and resonance-radiation DSP 8a in accordance with the
algorithm data (i,j,k). Thus, each DSP is controlied tobe -
in the operation manner corresponding to the selected -
algorithm. S

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 1able CT is
renewed on the basis of the foregoing algorithm data (i,
j.K) and performance input device data CD of each por-
tion. As described before, the performance input device
data CD represents the number of the performance in-
put element by which the performance data is supplied
to No.s (where s=1-4) register of each DSP. in addition,
the control table CT memorizes 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 as its initial value. As a
result, each DSP functions to simulate the selected in-
strument. Thereafter, the processing retumns to the fore-
going main routine as shown in Fig. 4.

in order to read out each of the data to be
regi ster 41 of the tone-generati
sets the vari- able s representing each of the reg
I s judged whet her or not the control par aggt er CP(
variable s is largerthan "4". |If sone data



is“set,.. as the control paraneter CP(21), the CPU la reads in the performance
“information of the perform ance input elenent designated by the control
device da- ta CD(21) so as to carry out the scaling operation on the read
performance informati on by use of the data table de_s_Lg_E%t_e_q_b.;L_th{—,contro| .
table CT(21 ). Then, the scaled data is_ygitten i LhreumreSHEneqi ster,
Rlerr] in the DSP. : M LWL”""-’“}“W
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@Device Selection Mode

When the mode designation switch is set at mode
2, the processing proceeds to step SAS5 in accordance
with the judgement result of step SA3 in Fig. 4, so that
the device selection routine is activated. When this de-
vice selection routine is activated, device display pro-
‘gram (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 im-
age in which each DSP of the sound source 5 is con-
trolled on the basis of the information of certain perform-
ance input element. Hereinafter, description will be giv-
en with respect to this device selection image. In Fig. 8,
30 designates a display portion which displays the per-
formance input element registered as the performance
input device. In the present embodiment, keyboard 303,
wheel 30b, joy stick 30c and portamento bar 30d are
registered as the performances input elements displayed
in the display portion 30, for example. On the other hand,
31 designates another display portion which displays
the operation manner of each of the DSPs contained in
the sound source 5, i.e., contents of the instrument to
be selected for each portion under operation of the fore-
going algorithm selection routine. In an example of Fig.
8, the bow (i.e., string-bowing type) is set in a drive por-
tion 31a, 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



7a. The, above-nenti oned processes are repeatedly ex- ecuted every tinme the
variable s is increnented. Until the control paraneter CP(2s) becones equal
to 0", i. e., until no control parameter CP is existed, the read- out
operation is nmade repeatedly on each data. Thus, the t
t he tone-generation operation of the mstislrrent to be %m& -mm ‘,:ql}
al so oscillates the
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a resonance-radiation portion 31¢, and pan, depth and
filter are set as the sound source parameters.

" As described above, the operation parameters are
set in each portion. Then, these portions are connected
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 rela-
tionship between the perfarmance 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
SC1 in Fig. 6 wherein it is judged whether or not the
currently registered performance input element is
changed. This step judges that the performance input
element is changed when the displayed connection in-
formation is changed by the pointing device 11 such as
the mouse-type device. When there is a change, the -
judgement result of step SC1 turns to "YES®, sothat the
processing proceeds to step SC2 wherein the displayed
connection is changed in accordance with the change
made by the pointing device 11. For example, when the
pointing device 11 is operated to connect “keycode” of
the keyboard 30a in Fig. 8 with "control 1" of the drive
portion 31a, the previous displayed connection is
changed such that "keycode" is connected to “control
1". In next step SC3, the contents of the control table
CT is set again in response to the changed performance
input element. Then, the processing proceeds to step

. SC4 wherein new control device data CD is set in re-
sponse to the above-mentioned change.

Meanwhile, if no change is made in the device se-
lection menu so that the previous displayed connection
is remained as it is, the judgement resuit of step SC1



excitatjon signa

supplied fromthe drive portion 6. In next step SE3, the
rresonance-radi ation-portion control routine is started. In this

resonance-radi ation- portion control routine, proce§ : TROL o} t hose
ﬁ"' “r’!"1!1 —-;ﬁa; 4 E

of the foregoing steps SE[err], SE2 are executed, s
can reproduce the resonance- radlatlon chqkac- terlsii,

be si mul at ed.
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turns to "NO", so that the processing directly proceeds
to step SC4 wherein only the device data CD is re-
newed. In next step SCS, 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 re-

-sponse 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 addition to the normal perform-
ance technique, it is possible to carry out another per-

formance technique by use of the same performance -
input element. For example, performance of the stringed

instrument can be made by use of the keyboard.

(@Parameter Setting Mode

When the mode designation switch is set at mode _

3, the processing proceeds to step SA6 in accordance
with the judgement result of step SA3, so that the pa-

 rameter setting routine is activated. In this parameter

setting routine, the present system carries out the edit-
ing operation on the control parameters to be set to the
drive DSP 6a, tone-generation DSP 7a and resonance-
radiation DSP 8a, and it also carries out the graphic dis-
play of the whole algorithm in the sound source 5.

First, when this routine is activated, the processing
of CPU 1a proceeds to step SD1 in Fig. 9, wherein the
display unit 4 displays the contents of the control param-
eter CP of the DSP to be edited as the text display. Here-
in, the operator input digits in accordance with the
prompt text (corresponding to edit parts). Such digit in-
put in the edit part has the following meanings.



As descri bed above, in the steps SE[err] to SE S

~ operateddin response to the set tone-gen- erat|®§?§AQ6F€; \hfngﬁa:&g'l gned.
performance i nput el enent and set control paraneters—CP-WHhI"tH™ ére made in
the foregoing nodes 1-3, thus, it is possible tjo peQEij_a}gggj3|,c by the
desi rabl e nusi cal tones. -17- -

i) Edit part "1*: control parameter CP in the drive
DSP 6a is to be edited.

-+ i}y Edit part "2°: control parameter CP in the tone-
generation DSP 7a is to be edited. |
iif) Edit part “3": control parameter CP in the reso-

nance-radiation DSP 8a is to be edited. |
iv) Edit part "0": no editing is made, sothat the tone-
generation is made on the basis of the control pa-
rameters CP which are currently set. |

Thereatter, the processing proceeds to step SD2
wherein the input digit is judged, so that the processing
branches to the desirable step corresponding to the in-
put digit. For example, when *1*is inputted, the process-
ing proceeds to step SD3 wherein the control parameter
CP in the drive DSP 6a is to be edited. Such editing op-
eration is made by the graphic display of the aigorithm
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 ta-
ble 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 inputted, the processing proceeds
to step SD4 wherein the control parameter CP of the
resonance-radiation DSP 8a is to be edited. This editing
operation is made by the graphic display of the algorithm
of the tone-generation unit 7 as illustrated in Figs. 11,
12. Fig. 12 illustrates an example which displays the al-
gorithm simulating the tone-generation mechanism of
the string such as the guitar. As the control parameters
CP, this example uses the filter which simulates the
string vibration and the vibration applying point on the
string. Herein, it is possible to change them or add new
parameters.



-22 - By the way, when changing the tone color of the nu- si cal
I's generating now by the perform ng op- eration,
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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 by 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 algo-

. fithm 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., posi-
tion of the tube, its radius, number of stages and horn
length. Herein, itis possmle to change them or add new
parameters.

After completing each of the processes of steps

SD3 to SDS5, the processing proceeds to step SD6
wherein it is judged 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 pa--
rameter CP, the sound source 5 is driven to make a

sounding test. In this sounding test, gain balance of the
closed loop of the sound source 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 having the fundamental pitch under the operation
manner of the instrument to be simulated, i.e., instru-
ment 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, de-
tailed description will be made later with respect to this
play routine.

t one whi ch

nis
set -



ting hmode. Herein, the preset data indicate the foregoing all sound source

. pararfeters and m cro-prograns which define the tone- qeneratln gorithmns
of each DSP. In order to carry out such data rdm@u {”ﬁk@-@ﬁ‘i t he pre-
set switch provided in the control elenents 3 i ’at--—ed~ this

preset switch is operated, the CPU la dgtects ifs svmt vent, so t hat
the preset call routine -‘1@- 561-%983 _

. In next step SD10, it is judged whether or not the
edited control parameter CP is written into the writable
non-volatile memory (not shown). If the operator de-
cides to register the edited control parameter into the
memory by referring to the result of the tone-generation
process described before, such decision is inputted by
the key-in operation, so thatthe judgement result of step
SD10 turns to "NO". Then, the processing proceeds to
step SD11. if not, the judgement result of step SD10
turns to *NO*, so that the processing returns to the fore-
going main routine. In this case, the control parameters
CP are temporarily stored in the register of the CPU 1a.
Therefore, they are erased with the power off.

In step SD11, the operator inputs the present
number PN which is used when registering the edited
control parameter CP into the memory. In next step
SD12, all of the sound source parameters are registered
in the predetermined memory area designated by the
inputted present number PN. Then, the processing pro-
ceeds to step SD13. Herein, all of the sound source pa-
rameters 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 set-
ting mode (i.e., mode 3) is reset to the play mode (i.e.,

- mode 0). Thus, processes of this routine is completed.

@ Play Mode

This mode is activated when the edited control pa-
rameters CP are registered into the memory as de-
scribed before, or when the mode designation switch is
set at mode 0. Herein, according to the judgement result



of step SE4 is started. Wien this preset call routine is started t he

“"processing of the CPU 1 a proceeds to step SGlL showa—i-# EL" —37
SGl, the CPU |la reads the identification nunber PN dﬁ?ﬁﬁéﬁﬁﬁﬁk’t
be operated. In next step S&, in accordance wi th therrTead-"out add
which is defined by the read |dent|f|ca129n nunmber PN 0h f heLPsgS et

the preset data is read
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~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 set in the internal
registers 40-42 of the DSPs as shown in Fig. 16 is read
out, so that the musicaltone of the simulating instrument
can be generated in response to the performing opera-
tion.

In first step SE1 of this routlne the drive-portion
control routine, as shown in Fig. 15, is started, so that
the processing proceeds to step SF1. Instep SF1, avar-
iable "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 8a. In next step SF1,
it is judged whether or not the control parameter CP(11)
is not at "0* and the variable s is larger than "4". If some
data is set as the control parameter CP(11), the judge-
ment result of step SF2 turns to "NO", so that the
processing proceeds to step SF3. In step SF3, the per-
formance 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 perform-
ance data by use of the data table designated by the
control table CT(11). In step SF5, the scaled data is writ-
ten into the internal register R1 in the drive DSP 6a.
Thus, the DSP 6a generates the foregoing excitation
signal. In next step SF6, the foregoing variable s is in-
cremented so as to repeat the above-mentioned proc-
esses. Thereafter, until the control parameter CP(1s)
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 cor-
rect the excitation signals in response to the other con-
trol parameters CP. :
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Next, when the processing proceeds to step SE2in
Fig. 14, the tone-generation-portion control routine is to

~ be started. in this tone-generation-portion control rou-

tine, processes as similar to those of the foregoing step
SE1 are executed. More specifically, in order to read out
each of the data to be set in the internal register 41 of
the tone-generation DSP 73, the CPU 1a sets the vari-
able s representing each of the register at “1°. Next, it
is judged whether or not the control parameter CP(21)

isnotat “0" and variable sis largerthan "4°. lf somedata

is set as the control parameter CP(21), the CPU 1a
reads in the performance information of the perform-
ance input element designated by the control device da-
ta CD(21) so as to carry out the scaling operation on the -
read performance information by use of the data table
designated by the controitable CT(21). Then, the scaled
data is written into the internal register R1 in the DSP
7a. The above-mentioned processes are repeatedly ex--
ecuted 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 repeatedly on each data. 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 foregoing steps SE1, SE2 are executed, so that the
DSP 8a can reproduce the resonance-radiation charac-
teristic of the instrument to be simulated.

As described above, in the steps SE1 to SE3, each
of the DSPs is operated in response to the set tone-gen-
eration 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.
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By the way, when changing the tone color of the mu-

sical tone which is generating now by the performingop-

eration, the read-out operation is-made on the preset
data which is registered in the foregoing parameter set-

tingmode. Here'in, the preset data indicate the foregoing
all sound source parameters and micro-programs which

define the tone-generation algorithms of each DSP. In

order to carry out such data read-out operation, the pre-

set switch provided in the control elements 3 is operat-
ed. When this preset switch is -operated, the CPU 1a
detects its switch on-event, sothat the preset call routine
of step SE4 is started. When this preset call routine is
started, the processing of the CPU 1a proceeds to step
SG1 shown in Fig. 17. In step SG1, the CPU 1a 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-volatie memory. Then, the micro-pro-
grams 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 predeter-
mined work memory. Next, the processing proceeds to
step SG4 wherein the control parameter CP set to each
DSP is rewritten into the preset value. Thus, each DSP
operates to simulate the instrument defined by the pre-
set value, and consequently it is possible to perform a
music with the musical tone having the different tone
color.

Lastly, this invention may be practiced or embodied
in still other ways. Therefore, the preferred embodiment
described herein is illustrative and not restrictive, 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.

" consequently it is possible to performa nusic wth—the-pusi-cal—tpne having
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 Claims

1. An electronic musical instrument for simulating
tone-generation mechanisms of various instru-
ments comprising: -

sound source means (5) for outputting a musi-
cal tone signal in accordance with a tone-gen-
eration algorithm which is pre-defined for each
of the tone-ge'neration mechanisms of the in-
struments to be simulated; _
display means (4) for displaying a representa-
tion (20) of said tone generation algorithm in
form of a predetermined graphic pattern (i-1, i-
2, ... j1,j2 .... k-1,k-2, ...) comprised of plural
portions of the instrument to be simmuiated
which may be selected by a performer; and
algorithm control means (1) for controlling said
display means (4) in accordance with an oper-
ation made by a performer to display selected
portions of the instrument to be simulated and
for varying the contents of the tone generation
algorithm to correspond to the display.

2. An electronic musical instrument according to claim
1, wherein said sound source means (5) comprises:

a drive means (6) for generating an excitation
signal corresponding to tone-generation ener-
ay; '

a tone-generation means (7, 8) for resonating
said excitation signal to thereby output a reso-
nated signal; and
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a plurality of drive algorithms and a plurality of
tone generation algorithms representing differ-
ent operation manners of the drive means (6)
and tone-generation means, respectively,

wherein said dzsplay means (4) displays ‘a-

graphic pattem (-1, 1 o 12, ., k-1, k-

2, ...) representative of a se!ected drwe algo-

rithm and a selected tone generation algorithm
defined by operation manners of said drive
means {6} and said tone generation means (7,

- 8) respectively, in form of the graphics or graph-
ic patterns, and -

said algorithm control means (1 ) varies the op- |

eration manners of said drive means (6) and
said tone generation means (7, 8) to operate in
accordance with the displayed pattem as se-
lected by the performer.

An electronic musical instrument according to claim
1, wherein said sound source means (5) contains a
drive portion (6), a tone generation portion (7) and

a resonance radiation portion (8), all of which func-

tion to create said musical tone signal correspond-
ing to an instrument to be simulated.

An electronic musical instrument according to claim
3, wherein each portion of said sound source
means (5) contains a digital signal processor (DSP)
which outputs operation data corresponding to
sampling data of sounds of an instrument to be sim-
ulated.



of .the tane-generation nechanisns of the in- strunents to be sinulated:;

. display neans (4) for displaying a representa- tion (20) of B$hg
generatlon algorithmin formof a predeterni ned graphic pat tjerf{iele -
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' ELECTRONIC'MUSICAL INSTRUMENT

ABSTRACT OF THE DISCLOSURE

An electronic musical instrument, which is configured to
-simulate one or more instruments. provides a sound source._a :
display unit and-a control portron. Herein, under control of
the control portion, the display unit displays the |
predetermined graphic pattern corresponding to the tone-
generation mechanism. i.e., tone generation algorithm of an
instrument to be simulated. The sound source eontains a |
drive_portion. a tone-generation portion and a resonance-
~radiation portion, each of which further contains a'digital
signal processor (DSPf...All of these portions fnnotion to
create a digitized musical tone signal corresponding'to a
'simulated sound of the instrument by combining operation data
outputted from the DSPs. By controlling the display unit, it
is possible to arbitrarily vary the contents of the displayed
tone-generation algorithm, so that the performer can easily
and freely perform a music on this eleotronic musical

instrument.

FIGURE 1
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wherein said

I nstrument according to claiml1,

2. An el ectronic nusical

S " _
o &= _
< o [ e e e e e m e e =
ids 5 _ . NOLLVWHOANT FONVWYOSNA |
SIE8 o I 1 | |
sps O | " 15 TRV . ave | |
7\ w A 10RINGO | 5 /| 1081N0D .G\ TOYLNOO "
(@) +— ’ \ —
m m _ ”l |-_|.w| e e e e e e e — o v e e e e e —— e — —— —— —— —_
Gco v8-1d 8 =y ~) pu—ig
— 25 YALSIOAN | qpm———= daisiomul S . YALSIOAN) -
(7] —
C T 0g . q. q9
52 _ ol wmanraf-N  (r) O uarraf-{y]
OO (A) — L (n |
STZ o _ I NOLLY¥Od _
—ec - NOILYOd ' NoLLvdanao | !l NOILNO0d
S 0 O | NOLLVIAVY Ni —{33LTId p=—1n0  _qnop NIpP+H—¥3LT1d 1100 |
°a | i JAT™d
©” 3 || -BONVNOSHY ! 7 / _“ T/ (
e . " 1noy__ 1007 _“ q) 027]1noy 1007 | qf of 1400y ...:o.__ “
n S a8 . 1 1 !
. — — -
52 e e ittt ettt AN
Sgn 8’ d
O —
O_no
—0&0
| empu—
CC _ 1nd1noy 1nd1noT
m O 0
—_——— D
[O7, p e
(&) O
« C o 35
S5O LOo
O .- C
N = O XN
c DO
T+ 1O
C O =
S0OCo
O X 0<L
0Oy —



néteg signal ; and -24- a plurality of drive algorithns and a plurality
- of tone generation algorithns representing differ-

SLOT?
FBOK

/80

SLOT1,3,4

-
-%_-N-T-
c|8 838
N
5 | 2233 "
1["“ O
n:/g Yo
X <« e
£] =
—
/5]
° (]
NHLE
| 811
T
blr
A
z"‘
S§585§
N wm



ent operation manners of the drive neans (6) and tone-generation neans,

,respectlvely wherein said display neans (4) displays a graphic pattern
(i-2, i-2, ... j-l, j-2, ..., k-1, k- 2, ...) representative of a selected
drlve al go- rithm and a selected tone generation al gorlthm defined by
operation manners of said drive -4-
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means (6) and said tone generation neans (7, 8) respectively, in formof
_-the graphics or graph- ic patterns, and said-algorithmcontrol nmeans (1)
varies the op- eration nmanners of said drive neans (6) and said tone
generation nmeans (7, 8) to operate in accordance with the displayed pattern
as se- -5-
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INPUT ALGORITHM DATA (1,J.k)
REPRESENTING COMBINATION OF

ICONS RESPECTIVELY SELECTED
FOR DRIVE PORTION, TONE-
GENERATION PORTION,

RESONANCE-RADIATION PORTION

} SB2
READ MICRO-PROGRAMS
CORRESPONDING TO (1,J.k)
 FROM PROGRAM ROM
AND SET THEM TO DSPs

SB83
R §

RENEW DATA CT REPRESENTING
THE CONTENTS OF CONTROL TABLE ON
THE BASIS OF (i.J.k) AND
PERFORMANCE INPUT DEVICE DATA CD OF
| EACH PORTION

f384

INITIALIZE
EACH PARAMETER

D)

FIG.5

(ALGORITHM SELECTION ROUTINE)




| ected by the performer. 3. An electronic nusical instrunment according to
.claim1l, wherein said sound source neans (5) contains a drive portion (6), -
a.tone generation portion (7) and .a resonance radiation portion (8), all
of which func- tion to create said nusical tone signal correspond- ing to
an instrunent to be sinul ated. -6-

SCl

ANY CHANGE
_IN REGISTERED

DEVICE ?
SC2. - YES

CHANGE IN REGISTRATION
OF DEVICE

(ADD, DELETE, etc.)
SC3._ |

SET CONTROL TABLE
FOR CHANGED DEVICE|

'SC4
AN

SET CONTROL DEVICE
OF EACH DSP

SC5~

RENEW DATA CT REPRESENTING

CONTROL TABLE ON THE
BASIS OF (1,J,k) AND PERFORMANCE

INPUT DEVICE OF EACH DSP

@D

FIG.6

(DEVICE SELECTION ROUTINE)
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4: An el ectronic nusical

si gnal

I nstrument according to claim3, wherein each
"portion of said sound source neans (5) contains a digital

processor

(DSP) which outputs operation data corresponding-to saipl i ng data of sounds

of an instrument to be sim ul at ed.
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DESIGNATION /S_D’

OF EDIT PART ' SD2
 EDIT PART = 7 B - >
{503 { r's SD4 L sw
EDIT EDIT EDIT PROCESS]
PROCESS oF || PROCESS oF
FROCESS OF OF PARAMETERS
ARAMETERS | | pARAMETERS OF
OF DRIVE OF TONE- RESONANCE-
PORTION |]|GENERATION] | RADIATION
PORTION PORTION
$ >
SD6: -
PARAMETER <Y Ve SD9
CHANGED ? SD7 '
ONE-GENERATIO
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