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ELECTRONIC MUSICAL INSTRUJ\1ENT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electronic musical 

instrument which is suitable fqr synthesizing a desirable . ~ 

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 music.al instrument so a.s to synthesize its musical 

tone. Such music synthesis techniqu~ is 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 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 

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 

displays the combining state or connecting manner of these 

operators. This combining state of the operators is called 
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"algorithm" which is an important element for determining the 

tone color of the musical 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-ment~oned function to the 

conventional electronic musical instrument which simulates 

the tone-generation mechanism of the non-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 m1:1st 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 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 abo.ut 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. 

SUMMARY OF THE INVENTION 
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It is accordin~ly a 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-electronic 

musical instruments with ease. 

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

Further objects and advantages of the present invention 

will be apparent from the ·following description, refere~ce 

being had to the accompanying drawings wherein. the pref erred 

embodiment of the present invention is clearly shown. 

In the drawings: 

Fig. 1 is a block diagram showing the whole 

configuration of an electronic musical instrument·according 

to an embodiment of the present invention; 

Fig. 2 is a block diagram showing a detailed 

configuration of a sound source sho,\n in Fig. 1; 

Fig. 3 is a system diagram showing a connection manner 

of DSPs used in the sound source shO\\n in Fig. 2: 

Fig. 4 is a. flowchart showing a main routine of an 

operation of the present embodiment ~o be executed; 

Fig. 5 is a flowchart showing an al~orithm selection 

routine; 

Fig. 6 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; 

11i1m1r11nr 
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Figs. 10 to 13 are drawings each illust·rating 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. 15 is a flowchart showing a sub-routine of the play 

routine which is used for expla~ning a drive P?rtion control 

routine, a tone-generation portion control routine and a 

resonance-radiation portion control routin~ to be.executed 

during execution of the play routine; 

Fig. 16 shows ~ 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. 

[A] Configuration 

Fig. 1 is a block .diagram showing the whole 

configuration of an electronic musical instrument according 

to an embodiment of the present invention. 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) lb, a data ROM le and a work random­

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

from the program ROM lb, and then it executes· the loaded 

p~ograms so as to control several portions. In the present 

specification, its operations will be described later. In 
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addition to several kinds of control programs to be used by 

the CPU la, the program ROM lb 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 le stores data tables which are used for the data 

conversion. Furthermore, the w.ork RAM ld is used as the work 

area of the CPU la, so that it temporarily stores several 

kinds of data. Meanwhile, 2 designate·s a p_erformance 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. 

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 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 piano. This sound 

source 5 contains a drive unit 6, a tone-generation unit 7 

and a resonance-radiation unit 8. Each· of them is configured 

·by "DSP" and "RAM", wherein "RAM" temporarily stores several 

kinds of operation data of "DSP". Incidentally, 

configuration and operation of these units 6-8 will be 
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described later. Meanwhile, 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. Furth~rmore, 11 desi~nates 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. 

Next, detailed description will be given with respect to 

the above-mentioned sound source 5 by referring to Figs. _2 

and 3. Fig. 2 is a block diagram showing a functional 

configuration of the sound source 5, wherein parts 

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 le. This control table CT is used to convert the 

performance information, supplied thereto via the CPU la, 

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 ~ignal corresponds 

to the energy which is required for the tone generation. For 

example,· when this drive unit 6 is designed to simulate t"he 

wirid instrument such as the clarinet, this excitation signal 

corresponds to the blowing pressure or Embousure. In drive 

unit 6, Sa· designates a drive DSP which embodies the function 

of the drive unit 6. This drive DSP Sa is supplied with 
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micro-programs corresponding to the operation manner.of the 

instrument to be simulated. Thus, the drive DSP Sa creates 

the excitation signal corresponding to the sound source 

parameters to be set to its internal registers Rl-R4. In the 

drive unit S, two filters ·Sb, Sb are respectively provide_d on 

the output line and feedback liµe 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. i.e .• their frequency 

characteristics are controlled by the drive DSP Sa. Further; 

two buffers Sc. Sc shape waveforms of the stereo musical tone 

signal (i.e. • "Lout" an·d "Rout" signals) outputted from the 

drive DSP Sa. 

The tone-generation unit 7 corresponds to the vibration 

source of the instrument to be simulated, which consists of a 

tone-generation DSP 7a. filters 7b. 7b, and buffers 7c, 7c. 

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 filters 7b, 7b are 

designed to simulate the frequency characteristic 

corresponding to the case where the musical tone sounded from 

the tone-generation portion of the actual instrument is 

transmitted toward the resonance-radiation portion or it is 

reflected by the resonance-radiation portion and then 

returned back to the tone-generation portion. 

The resonance-radiation portion 8 embodies the resonance 
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and radiation characteristics of the instrum.ent to be 

simulated, which consists of a resonance-radiation DSP Sa and 

buffers Sb, Sb. This resonance-radiation DSP Sa is supplied 

with the micro-programs corresponding to the operation manner 

of the instrument to be simulated. Further, it simulates the 

resonance-radiation characteris.tic correspondi~g to the sound 

source parameters set to the internal registers Rl-R4. 

Next, detailed description will b• given with respect to 

configurations of the internal registers Rl-R4 provided in 

each of the DSPs Sa, 7a, Sa by referring to Fig. 16. In Fig. 

16, 40-42 designate internal register portions of the drive 

DSP Sa, tone-generation DSP 7a and resonance-radiation DSP Sa 

respectively. Each of these internal register portions 40-42 

.is divided into four registers Rl-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 Sa 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 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 designated by the control device 

data·CD. 

In the sound source 5 which is configured as described 
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above. the excitation signal outputted from the drive unit 6 

is subject to the oscillation in the tone-generation unit 7, 

and the oscillated .signal is supplied to the resonance­

radiatlon 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.musical tone signal is 

outputted from the output terminals Lout,· Rout of·each of the 

DSPs Sa, 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 Sa, 7a, Sa has the communication port having four 

channels by which 4-channel communication is carried out in 

time sharing manner. As shown in Fig. 3, the data 

communication is made in the predetermined order from "slot 

1" to "slot 4" in time sharing manner. At first timing 

corresponding to slot 1, the excitation signal outputted from 

"DSPSa(OUTI)" is supplied to "DSP7a(INJ)" via a mixer 15, 

while the oscillated signal is supplied to "DSP7a(INK)" fi.-om 

"DSP7a(OUTJ)". 

At next timing of slot 2, the foregoing feedback signal 

from "DSPSa(FBOK)" is supplied to "DSP7a(FBJ)" via the mixer 

15, while it is returned from "DSP7a(FBOJ)" to "DSP6a(FBI)". 

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

At timing of slot 3, the musical tone signal 

corresponding to 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 Sa 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 refer'ring to Figs .. 4 

to 17. First, when the power is on in the electronic musical 

instrument according to the present embodiment. main routine 

as shown in Fig. 4 is activated. so that processing of the 

CPU la proceeds to step SAl. In step SAl, several kinds of 

registers are reset. so that initialization is carried out. 

In next step SA2, the CPU la inputs switch setting 

information for the mode designation switc~ 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~tion modes, there are 

provided "play mode" (i.e., mode O) wherein the performance 

operation is made, "algorithm selection mode" (i.e .• mode 1) 

wherein the tone-generation algorithm of the sound source 5 
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is selected, "device selection mode" (i.e., mode 2) wherein 

the device for carrying out the performance operation is 

selected and "parameter 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 th~ 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 "mode 2" is 

designated. In addition, the processing proceeds to step SAS 

when "mode 3" is designated, while the processing proceed~ to 

step SA7 when "mode O" is designated. 

Next, description will be given with respect to the 

operation of the present embodiment in each mode. 

(J) 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 ~he algorithm selection 

routine is started, algorithm display program (not shown) is 

execute~. 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 
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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 .. 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 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 illustrates "tapered tube-". As 

each of the above-mentioned drive portion i, tone-generat_ion 

portion j and resonance-radiation portion k, it is possible 

to select desirable icon by the process of the algorithm 

selection routine which will be described later. More 

specifically, it is possible to select one of icons i-1 to i-

5 for the drive portion i, icons j-1 to j-5 for the tone­

generation portion j and icons k-1 ·to k-5 for the resonance­

radiation portion k. 

Next, description will be given with respect to the 

algorithm selection routine by which desirable icon is 

selected so as to set the desirable tone-generation algorithm 

of the sound source 5 by referring to Fig. 5. First, whe~ 

the display operation of the foregoing initial menu is 

completed, the processing proceeds to step SBl. When the 

mouse-type device is used as the pointing device 11, icon 

selected by this mouse-type device is registered to the sound 

source algorithm display .Portion 20 in st.ep SBl. 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 registe~ed to the display portion 20. In next 

step SB2, algorithm data (i,j,k) which is registered to the 

display portion 20 as describe~ 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 lb. 

Then, the read micro-programs are respectively loaded to the 

drive DSP Sa, tone-generation DSP 7a and resonance-radiation 

DSP Sa 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) anQ 

· performance input device data CD. As described befor~. 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=l-4) regis·ter of each DSP. The 

control table CT memorizes table addresses which are used to 

carry out the scaling operation on the output data of the 

performance input element designated by the data CD. 

In step SB3, the contents of the control table CT is 

renewed on the basis of the foregoing algorithm data (i,j,k) 

and performance input device data CD of each portion. As 

described before, the performance input· device data CD 

represents the number of the performance input element by 

which the performance data 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 Sa, 7a, Sa, the sound 

source parameter designated by the control table CT and 

device data CD is set as its in~tial value. As a result, 

each DSP functions to simulate the selected instrument. 

Thereafter, the processing returns to ·the foregoing main 

routine as shown in Fig. 4. 

<2> 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 th.at the device 

-selection routine is activated. When this device selection 

routine is activated, device display program (not shown) is 

executed, so that the display unit 4 displays a screen image 

of device selection menu as shown in Fig. 8. 

This device selection image is a graphic display image 

in which each DSP of the sound source 5 is controlled on the 

basis of the information of certain performance input 

element. Hereinafter, description will be given with respect 

to this device selection image. In Fig. 8, 30 designates a 

display portion which displays the perform~nce input element 

registered as the performance input device. 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 portion 30,·for example. 

On the other hand, 31 designates. another display portion 

which displays the operation manner of each of the DSPs 



- 16 -

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., string-bowing type) is set in· a drive 

portion 3la, and bowing velocity, bowing pressure and filter 

are set as the sound source pa~ameters. 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. Futthet, 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 element is determined by use of the 

dis.played connection. When the device selection menu is 

completed, the processing proceeds to step SCl. in Fig. 6 

wherein it is judged whether or not the currently registered 

performance input element is changed. This step judges that 

the performance input element is changed when the displayed 

connection information is changed by the pointing device 11 

such as the mouse-type ·device. When there is a change, the 

judgement result of step SCl turns to "YES", so that the 

processing proceeds to step SC2 wherein the displayed 

.. 
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connection is changed in accordance with the change made by 

the pointing device 11. For 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". Ip. 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 response to the above-mentioned change. 

Meanwhile, if no change is made in the device selection 

menu so that the previous displayed connection is remained as 

it is, the judgem·ent result of step SCl turns to "NO", so 

that the processing directly proceeds to step SC4 wher.ein 

only the device data CD is renewed. In next step SC5, the 

table address of the control table CT is renewed in 

accordance with the contents of the control table CT which is 

set in the foregoing process of step SC3. Thereafter. the 

processing returns to the main routine. As a result, each 

DSP will operate in response to the function of the 

performance input element of which operation is newly 

defined. Thus, it is possible to arbitrarily define the 

function of the performance input element. Therefore. in 

addition to the normal performance technique, it is possible 

to carry out another performance 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 



- 18 

processing proceeds to step SAS in accordanc~ with the 

judgement result of step SA3, so that the parameter setting 

routine is ac~ivated. In this parameter setting routine, the 

present system carries out the editing operation on the 

control parameters to be set to the drive DSP Sa, tone­

generation DSP 7a and resonance-radiation DSP Sa, 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 SDl in Fig. 9, where-in 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 

Sa 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 r.esonance­

radiation DSP Sa is to be edited. 

i~) Edit part "O": no ~diting is mad~. so that the tone­

generation is made on the basis of the control 

-parameters 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 input·digit. For 

example, when ••1" is inputted, the processing proceeds to 

step SD3 wherein the control parameter CP in the drive DSP Sa 



- 19 -

is to be edited. Such editing operation is made by the 

graphic display of the algorithm of. the drive unit 6 as shown 

in Fig. 13. Fig. 13 illustrates an example of the graphic 

display which represents the algorithm simulating the 

operation of the reed such as the clarinet. In this example, 

the filter and non-linear table which simulates the non-
. . . 

linear operation of the reed are displayed. Herein, it is 

possible for the operator to change them or add new 

·parameters. 

Next, when "2" is inputted, the processing proceeds to 

step SD4 wherein the control parameter CP of the resonance­

radiation DSP Sa is to be edited. This edit"ing 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 algorithm 

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 poin.t on the string. Herein, it is 

possible to ·chang~ 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 Sa is to be edited. This editing operation is 

made by the graphic display of the algorithm of the 

resonance-radiation unit S 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, 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 SDS wherein it is judged 

whether or not the control parameter CP of each DSP is 

changed. If the control parame~er CP is added_ or corrected, 

the judgement result of step SDS turns to "YES", so that the 

processing proceeds to step SD7 wherein on the ba$1S of the 
.... 

changed control parameter CP, the sound source 5 is driven to 

make a sounding test. In this sounding test, gain balance of 

tbe closed loop of the sound source 5 is adjusted to avoid 

the anomalous oscillation. In next step SDS, 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 SDS is "NO", 

or if "O" is inputted in the process of step SDl, 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 SDlO, it is judged whether or not the 

edited control parameter CP is written 1-nto 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 SDlO turns to 

"NO". Then, the processing proceeds to step SDll. If not, 

the judgement result of step SDlO turns to "NO", so that the 

processing returns to the foregoing main routine. In this 

case, the control parameters c~ are temporarily stored in the 

register of the CPU la. Therefore, they are erased with the 

power off. 

In step SDll, 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 mem2rY 

area designated by the inputted present number PN. Then, the 

·processing proceeds to step SD13. Herein, all of the sound 

source parameters contains the control parameters CP, control 

device data CD and control table data CT. In last step SD13, 

the current operation mode, i.e., parameter setting mode 

(i.e., mode 3) is reset to the play mode (i.e., mode O). 

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 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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response to the performing operation. 

In first step SEl of this routine, the drive-portion 

control routine, as shown in Fig. 15, is started, so that the 

processing proceeds to step SFl. In step SFl, a variable "s" 

representing each of the registers is set at "l" in order to 

read out each of the dat~ to b~ set to the internal register 

40 of the drive DS.P Sa. In next step SFl. it is judged 

whether or not the control parameter CP(ll) is not at "O" and 

the variables is larger than "4". If some data is set as 

the control parameter CP(ll), the judgement result of step 

SF2 turns to "NO", so that the processing proceeds to step 

SF3. In step SF3, the performance information of the 

performance input element designated by the control device 

data CD(ll) 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(ll). In step SF5, ·the scaled data is 

written into the internal register Rl in the drive DSP 6a. 

·Thus, the DSP Sa generates the foregoing excitation signal. 

In next step SFS, the foregoing variable s is incremented so 

as to repeat the above-mentioned processes. Thereafter, 

until the control parameter CP(ls) becomes equal to "O", 

i.e., until no control parameter is existe_d, the read-out 

operation is made repeatedly on each data. As a result, the 

DSP Sa can sequentially correct the excitation signals in 

response to the other control parameters CP. 

Next, when the processing proceeds to step SE2 in Fig. 

14, the tone-generation-portion control routine is to be 

started. In this tone-generation-portion control routine, 
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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 register at "1". Next. it is j~dged 

whether or not the control para]Deter CP(21) is not at "O" 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 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 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 "O", i.e., until no 

control parameter CP is existed, the read-out operation i~ 

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-radiati~n-portion 

control routine is started. In this resonance-radiation­

portion control routine, processes as similar to those of the 

foregoing steps SEl, SE2 are executed, so that the DSP Sa can 

reproduce the resonance-radiation characteristic of the 

instrument to be simulated. 

As described above, in the steps SE! to SE3, each of the 

DSPs is operated in response to the set tone-generation 
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algorithm, assigned performance input element and set control 

parameters CP which are made in the foregoing modes 1-3, 

thus, it is possible to perform a music by the desirable 

musical tones. 

By the way, when changing the tone color of the musical 

tone which is generating now b~ the performin~ operation, the 

read-out operation is made ~n the preset data which is 

registered in the foregoing parameter setting 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 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 SGl shown in Fig. 17. In step SGl, 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 t·he read identification 

number PN of the preset switch, the preset data is read f~om 

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 

parameter 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 i~ possible 

.. 
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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· va~iations 

which come within the meaning of the claims are intended to 

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

a tone generation system (5) for generating a musical tone signal based on a tone 

generation algorithm including at least two operating portions (6, 7, 8) each of which 

executes an algorithm to model a part of a selected tone-generation mechanism and is 

functionally different from the other; 

1 o a selector (1 a, 1) for selecting at least two algorithms to be respectively executed by 

the at least two operating portions from among a plurality of algorithms. 

2. An electronic musical apparatus as in claim 1, 

wherein the tone generation system includes an excitation portion (6) which produces 

1 5 an excitation signal and a tone formation portion (7, 8) which receives the excitation 

signal and produces an oscillation signal, wherein the excitation portion and the tone 

formation portion correspond to the at least two operating portions, 

wherein the apparatus further comprises: 

program storage memory (1b) for storing at least one first program (i-1, i-2, i-3, 

2 o i-4, 1-5), corresponding to an algorithm to be executed by the excitation portion, and 

a set of second programs (j-1, j-2, j-3, j-4, j-5; k-1, k-2, k-3, -k-4, k-5), 

corresponding to algorithms to be executed by said tone formation portion, wherein 

each of the first and second programs are different from one another, 

and wherein the selector selects one of the set of second programs for use by the tone 

2 5 formation portion, wherein the tone generation system produces a musical tone signal 

based on the exciting signal and oscillation signal. 

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

wherein plural first programs are stored and wherein the selector selects one of the 

3 o first programs and one of the second programs. to constitute the tone generation 

algorithm. 

4. An electronic musical apparatus as in claim 3, 

wherein the tone formation portion includes a vibration source portion (7) and a 

3 5 resonance radiation portion (8) and the set of second programs includes a first subset 

of vibration source programs {j-1, j-2, j-3, j-4, j-5) and a second subset of 
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resonance radiation programs (k-1, k-2, k-3, k-4, k-5) different from the 

vibration source programs, and wherein the selector selects one program from each 

subset to form the second program. 

5. An electronic musical apparatus as in claim 1, 

wherein the tone generation system includes first operation means (6) for generating 

an excitation signal by executing a drive algorithm, and second operation means (7) 

for receiving the excitation signal- and for generating an oscillation signal by executing 

an oscillation algorithm which cause oscillation of the excitation signal, wherein the 

I O first operation means and the second operation means correspond to the at least two 

operating portions, . 

wherein the tone generation system generates a musical tone signal based on the 

exciting signal and oscillation signal, 

and wherein the selector selects at least one of the drive algorithm and the oscillation 

1 5 algorithm from among plural different drive algorithms (i-1, i-2, i-3, i-4, i~5) or 

~scillation algorithms 0-1, j-2, _j.;3, j-4, j-5), respectively. 

6. An electronic musical apparatus as in claim 5,. 

wherein the selector selects a drive algorithm from among plural drive algorithms 

2 o including at least two of a string striking algorithm, a string bowing algorithm, a 

string plucking algorithm, a reed algorithm and a non-reed breath algorithm. 

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

wherein the oscillating signal is circulated back to the first operation means for 

2 5 operation with the excitation signal, 

30 

wherein the apparatus further comprises mixing means (13) for mixing signals 

generated by the first and second operation means and outputting the mixed signal as a 

musical tone signal. 

8. An electronic musical apparatus as in claim 5, 

including parameter variation accommodation means (1 a, 1 ), responsive to the change 

of a parameter value of either the first or second operation means, for adjusting the 

value of at least an additional parameter which controls at least one of gain balance 

between the first and second operation means and a fundamental pitch of a tone to be 

3 5 generated, thereby to stabilize operation of the electronic musical apparatus in 

response to parameter changes. 
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9. An electronic musical apparatus as in claim 5, 

further comprising filter means (6b) between the first operation means and the 

second operation means for filtering the excitation signal to avoid anomalous 

5 oscillation. 

1 o. An electronic musical apparatus as in claim 1, 

wherein the tone generation system includes first operation means (7) for generating 

an oscillation signal by executing an oscillation algorithm, and second operation means 

1 o (8) for receiving the oscillation signal and for generating an output ·signal by 
. . 

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

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

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

a tone generation algorithm including the oscillation algorith_m and the resonance 

1 5 radiation algorithm, 

20 

and wherein the selector selects at least one of the oscillation algorithm and the 
.. • 

resonance radiation algorithm from among plural different oscillation algorithms (j-

1, j-2, j-3, j-4, j-5) or resonance radiation algorithms (k-1, k-2, k-3, k·4, k-

5), respectively. 

11 . An electronic musical apparatus as in claim 1 o, 
wherein the selector selects an oscillation algorithm from among at least two of an 

algorithm corresponding to a string, at least one algorithm corresponding to a tube 

having at least one tone hole, an algorithm corresponding to a branched tube and an 

2 5 algorithm corresponding to a tube having no tone holes. 

1 2. An electronic musical apparatus as in claim 1 o, 
wherein the selector selects a resonanGe radiation algorithm from among at least two of 

an algorithm corresponding to a piano body, an algorithm corresponding . to a resonance 

3 O box, an algorithm corresponding to a tapered tube, at least one algorithm 

corresponding to an exponential curve tube and an algorithm corresponding to a metal 

board. 

1 3. An electronic musical apparatus as in claim 1 o, 
3 5 including parameter variation accommodation means (1 a, 1 ), responsive to the change 

of a parameter value of either the first or second operation means, for adjusting the 
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value of at least an additional parameter which controls at least one of gain balance 

between the first and second operation means and a fundamental pitch of a tone to be 

generated, thereby to stabilize operation of the electronic musical apparatus in 

response to parameter changes. 

1 4. An electronic musical apparatus as in claim 1, 

wherein the tone generation system includes a first digital signal processor (6) for 

executing a first algorithm, and a second digital signal processor (7, 8) for executing 

a second algorithm, wherein the first and second digital signal processors correspond 

1 o to the at least two operating portions, 

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

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

second algorithms by the first and second digital signal processors, 

wherein the apparatus further comprises: 

1 5 a memory for storing a plurality of different first algorithms (i-1, i-2, i-3, j-4, i-

5) and a plurality of different second algorithms a-1, j-2, j-3, j-4, j-5; k-1, k-

2, k-3, k-4, k-5), wherein the selector selects one of the first algorithms and one of 

the second algorithms; 

control means (1 a) -for setting the selected first algorithm for use by the first digital 

2 O signal processor and the selected second algorithm for use by the second digital signal 

processor, whereby a musical tone signal is generateq in accordance with the selected 

first and second algorithms. 

15. In an electronic musical apparatus providing a drive means for generating an 

2 5 excitation signal corresponding to tone-generation energy and a tone-generatiQn means 

for resonating said excitation signal to thereby output a resonated signal, said 

electronic musical apparatus comprising: 

display me~ns for displaying tone-generation algorithms defined by operation manners 

of said drive means and said tone-generation means respectively in form of the 

3 o graphics or graphic patterns; and 

algorithm control means for varying the operation manners of said drive means and 

said tone-generation means displayed by said display means and/or combining them so 

as to control said tone-generation algorithms. 

3 5 f 6. An electronic musical apparatus comprising: 

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

~isplay 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 

5 contents of said tone-generation algorithm in accordance with an operation made by a 

performer. 

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

wherein said sound source means contains a drive portion, a tone-generation portion 

t o and a resonance-radiation portion all of which function to create said musical tone 

signal corresponding to an instrument to be simulated. 

1 8. An electronic musical apparatus as defined in claim 17, 

wherein each portion of said sound source means contains a digital signal processor 

1 5 · (OSP) which outputs operation data corresponding to sampling data of sounds _pf an 

instrument to be simulated. 


