
- 1 - ELECTRONIC MUSICAL INSTRUMENT BACKGROUND OF THE INVENTION 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 plural 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- closed
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 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.   



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 composition with ease.
When applying the above-mentioned function 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.  



3 - SUMMARY OF THE INVENTION It is accordingly a primary 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 advantageous embodiments given by the dependent
claims. BRIEF DESCRIPTION OF THE DRAWINGS Further objects 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;    -4- Fig. 5 is a
flowchart showing an algorithm 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. 10 to 13 are drawings
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    -5- Fig. 1 is 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) lb, a data ROM 1[err] and a work
random-access memory (RAM) 1 d. The 



CPU 1 a up-loads programs read from the program ROM 1 b, 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 1 a, the program
ROM 1 b 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 1 c stores
data tables which are used for the data conversion. Furthermore, the work
RAM 1 d is used as the work area of the CPU 1 a, 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.    -6 - 5 designates a sound source which simulates the 



tone-generation mechanism of the non-electronic musi- cal instrument, e.g.,
wind instrument such as the clar- 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 



them is configured by "DSPP" 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, 9 desig-
nates 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 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 used to 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 I[err]. This
control table CT 



is used to convert the performance information, supplied thereto via the
CPU 1 a, 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.   



-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 instru- ment such as the clarinet, this excitation signal
corre- sponds to the blowing pressure or Ernbousure. 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- temal registers R1 -R4. In the drive unit
6, 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 6c, 6c shape wave- 



forms of the stereo musical tone signal (i.e., "Lout' and ' 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 7a, filters 7b, 7b, and buffers 7c, 7c. 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
internal registers Ri-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- 



ward the resonance-radiation portion or it is reflected by the
resonance-radiation portion and then returned back to the tone-generation
portion. The resonance-radiation portion 8 embodies the 



resonance and radiation characteristics of the instru- ment to be
simulated, which consists of a resonance- radiation DSP 8a and buffers 8b,
8b. This resonance- radiation DSP 8[err] 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. Next,
detailed description will be given with respect 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 R1 -R4, each of which is
set with control parameter CR 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(1 2). 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.    -9
- 



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 6 via the unit 7. In
the above-mentioned circulating of the signal, the musical tone signal is
to be formed. This mu- sical torne 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 :DSP7[err](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 DSP8[err](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. Such signal circulation is made at
timings of slots 3 and 4.   



-10- At timing of slot 3, the musical tone signal corre- sponding to the
stereophonic left-channel component is outputted from "DSP6a(Lout)", and it
is inputted into "DSP7[err](Lin)" via the mixer 15. Then, it is supplied
from "DSP7[err](Lout)" to "DSP8a(Lin)". Thereafter, the final 



musical tone signal is outputted from OSP8[err](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 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 present embodi- ment, main routine as shown in
Fig. 4 is activated, so 



that processing of the CPU 1 a 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 1 a 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 5 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.    - 11 - 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 SAS when rnode 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. ([err])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 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- nerof 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    -12- 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 illustrates "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 j and icons k-1 to k-5 for the resonance-radiation
portion k. Next, description will be given with respect to the algorithm
selection routine by which desirable icon is 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
SB[err]. 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 SB[err]. For example, when icons i-i (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, algo- rithm data (ij, k) which
is registered to the display portion 



20 as described above is read by the CPU la. In re- sponse to the read data
(ij,k), the CPU 1 a reads out the corresponding micro-programs from the
program ROM lb. Then, the read micro-programs are respectively loaded to
the drive DSP 6a, tone-generation DSP 7a   



-13- and resonance-radiation DSP [err] in accordance with the algorithm
data (ijk). 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 (ij,k) and performance
input device data CD. As described before, this performance input device
data CD indicates the number of the performance input element by which the
performance data is supplied to No.s (where s=1 -4) register of each DSP.
The control table CT memorizes table addresses which are used to carry out
the scaling 



operation on the output data of the performance input element designated by
the data CD. In step SB3, the contents of the control table CT is renewed
on the basis of the foregoing algorithm data (i, j,k) and performance input
device data CD of each 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 SB[err]4, in each of DSP[err] 6a, 7a, 8a, the 



sound source parameter designated bythe 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 returns to the fore-
going main routine as shown in Fig. 4.   



- 14 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 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 30a, wheel
3Ob, joy stick SOc and portamento bar 3Od 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 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 31 a, 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 31 b, and delay length, delay ratio, filter and
loop gain are set as the sound source parameters. Further, metal board is
set in   



- 15- 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 rela- tionship between the performance
input element and DSP with ease. Next, description will be given with
respect to the device selection routine by referring to Fig. 6 wherein the
performance input element is determined by use of 



the displayed connection. When the device selection menu is completed, the
processing proceeds to step 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", so that 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 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
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 result of
step SC1    -16 - 



turns to "NO", so that the processing directly proceeds to step SC4 wherein
only the device data CD is re- newed. In next step SC[err], 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 8[err], 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 la
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.    



-17 - 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
reso- nance-radiation DSP 8a is to be edited. 



iv) Edit part"0": no editing is made, so that the tone- generation is made
on the basis of the control pa- rameters CP which are currently set.
Thereafter, 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 S03 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 algorithm of the drive unit 6 as shown in Fig. 13. Fig. 13
illustrates an example of the graphic display which represents the
algorithm simulating the operation of the reed such as the clarinet In this
example, the filter and non-linear 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 ea 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.    -18- Next, when "3" is inputted, the processing proceeds to.
step SD[err] 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- -rithm 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, it
is possible to change them or add new parameters. After completing each of
the processes of steps SD3 to SD5, 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 "O" 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.   



-19 - 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 that the 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 1 a. 



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 SD1 2, 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 SD1 3. 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    



-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 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 SE[err] 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 var- 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 register40 of thedrive DSP 6a. 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(1 1), 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(1 s) 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. 



-21 - Next, when the processing proceeds to step SE2 in Fig. 14, the
tone-generation-portion control routine is to be started. tn this
tone-generation-portion control rou- 



tine, processes as similar to those of the foregoing step SE [err] 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 OSP 7a, the CPU la
sets the vari- able s representing each of the register at "1" . Next, it
is judged whether or not the control parameter CP(21) is not at "O" and
variable s is largerthan "4". If some data 



is set as the control parameter CP(21), the CPU la 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 control
table CT(21 ). Then, the scaled data is written into the internal register
R[err] 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 SE[err], SE2 are executed, so that the DSP 8[err]
can reproduce the resonance-radiation charac- teristic of the instrument to
be simulated. 



As described above, in the steps SE[err] to SE3, each of the DSPs is
operateddin 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.  



-22 - By the way, when changing the tone color of the mu- sical tone which
is generating now by the performing op- eration, the read-out operation is
made on the preset data which is registered in the foregoing parameter set-



ting mode. Herein, 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 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 1 a proceeds to step SG1 shown in Fig. 17. In step
SG1, the CPU la reads the identification number PN of the preset switch to
be operated. In next step SG2, in accordance with the read- out address
which is defined by the read identification number PN of the preset switch,
the preset data is read 



from the non-volatile memory. Then, the micro-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.    -23- 



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-generation 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,
...,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
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- gy; a
tone-generation means (7, 8) for resonating said excitation signal to
thereby output a reso- 



nated signal; and    -24- 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 pattern
(i-1, i-2, ... j-l, j-2, ..., k-I, 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 pattern
as se- 



lected by the performer. 3. 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. 



4. 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.  






















