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The present invention relates to a sound effect imparting
apparatus which processes audio signals, representing musical
tone signals, so as to impart several kinds of sound effects such

as a chorus effect and a reverberation effect to musical tones.

Accompanied with a recent development in a technology for
the digifal signal processing, several kinds of digital signal
processors (i.e..,DSst are manufactufed. Some of thém can
effect several kinds of arithmetic operational processes to
digital signals inputted thereto by executing a plurality of
control programs. Besides, accompanied with a recent progress in
manufacturing processes of semiconductor devices, it becomes easy
to obtain DSP-type LSI circuits.

In an advanced electronic musical instrument recently
developed,_one sound effect imparting circuitry which imparts a
single sound effect to the musical tone is configurediin form of
oné block (called as an effecter block). A combination of those
effecter blocks (i.e., sound effect imparting apparatus) can be

equipped in a DSP-type LSI circuit. ) J
\\g . The above-mentioned sound effect 1mparting apparatus has
been disclosed in Japahese Patent Publication No.1-19593, which
is filed by the present applicant. According to this abparatus.
algorithmic structures corresponding td a digital filter and a
reverberation sound forming circuit are configured in oné
sampling period of digital musical tone data in a time-sharing
manner under instructions of control programs to be executed.

Then, a modulation effect and a reverberation effect are
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Description The present invention relates to a sound effect

| nparting apparatus which processes audi o signals, representi ng nusical
one-signals, so as to inpart sev- eral kinds of sound effects such as a
chorus effect and a reverberation effect to nusical tones.

Acconpanied with a recent developnent in a technology for the digital

si gnal processing, several ki nds of digital signal processors (i.e

DSPs) are man- '

respectively imparted to the musical tone data in a time-sharing
manner. The papers of the above publication describe that
different sound effects can be imparted to the same musical tone
data in parallel. |

The above—mentioned sound effect imparting apparatus can
respond to five cases: a first case where the modulation effect
is only imparted to the musical tone data; a second case where
the reverberatioh effect is only imparted to the musical tone
data; a third case where the reverberation effect is imparted to
the musical tone data after imparting the modulation effect; a
fourth case where the modulation effect is imparted to the
musical tone data after imparting the reverberation effect; and a
fifth case where the modulation effect and reverberation effect
are respectively imparted to the musical tone data in parallel.
The above apparatus, however, can merely perfdrm five kinds of
sound-effect imparting operations. In short, the conventional
apparatus has a drawback in that the number of the sound effects

to be imparted to the musical tone data is restricted.

Accordingly, it is an objecf of the present invention to
provide a sound effect impérting apparatus which 1s capable of
imparting a variety of sound effects to the musical tones in a
varlety of sounq—effect imparting manners.

Accordiﬁg to a fundamental configuration of the present

xl//’“igvention. the sound effect imparting apparatus comprises a
pfh ram storing portion, a plurality of program executing

porfiions, a plurality of mixing portions and a mixing control
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ufactured. Some of them can effect several kinds of arithnmetic
operational processes to digital signals input- ted thereto by executing
asplurality of control prograns. Besi des, acconpanied with a recent
progress in manu- facturing processes of sem conductor devices, it be-
comes easy to obtain DSP-type LSl circuits. . "In an advanced

el ectroni c nusical instrunent recently devel oped, one sound effect

i mparting circuitry which inparts a singles sound effect to the nusi cal
tone iporticngurBhe iprdgnam @ftogﬁagbp@ck?%a## «apable, of; storipe a

plurality of programs each corresponding to each of sound effects
to be imparted to the musical tone data. Each of the program
executing portions executes the programs, read from the program
storing portion, sequentially so as to impart a desired sound
effect to the musical tone data supplied thereto. Each of the
mixing portions is provided to be connected with each of the
program executing portions. Hence, each of the mixing portions
mixes external musical tone data, given from an gxternal device,
with a designated one of plural musical tone data which are
respectively outputted from the program executing portions. The
mixing control portion designates the musical tone data which is
subjected to mixing operation in each of the mixing portions.
Thus, the musical tones to which desired sound effects are
imparted can be produced on the basis of output data of the

mixing portions.

Further objects and advantages of the present 1nvenfion 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 diagram showing a whole configuration of
an electronic musical instrument employing a sound effect
imparting apparatus according to an embodiment of the present
invention; |

FIG. 2 is a block diagram showing a conceptual configuration

of the sound effect imparting apparatus;
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bl ock). A conbination of those effecter blocks (i.e., sound effect

I nparting apparatus) can be equipped in a DSP-type LSI circuit.

The above-nenti oned sound effect inparting appar atus has been di scl osed
i n Japanese Patent Pub- l'ication No.1-19593, which is filed by the
present appli - cant. According to this apparatus, algorithm c structures
corresponding to a digital filter and a reverberation sound form ng
circuit are configured in one sanpling pe- riod of digital nusical tone

data in a tinme-sharing nmanner

FIG. 3 is a timing chart showing an example of operation
timings of the sound effect imparting apparatus;

FIG. 4 is a block diagram showing an algorithmic
configuration for a sound effect EF1 which is computed by a main
portion of the sound effect imparting apparatus in a time-
division manner; _

FIGS. 5(A) to’S(D) are block diagrams showing algorithmic
configurations for sound effects EF2 to EF5 respectively;

FIGS. 5(E) and 5(F) are block diagrams showing algorithmic
configurations regarding outputting opefations of the sound
effect imparting apparatus;

FIG. 6 is a block diagram showing a detailed configuration
of a mixer shown in FIG. 2; |

FIG. 7 is a storage map of a mixer RAM shown in FIG. 6;

FIG. 8 is a block diagram showing a detailed configuratibn
of a sound-effect operation portion shown in FIG. 2 and its
.peripheral circuits; _

FIG. 9(A) is a block diagram showing peripheral circuits of
a LFO register shown in FIG. 8; .

FIG. 9(B) is a timing chart showing operation timings of the
circuitry shown in FIG. 9(A);

FIG. 10(A) is a storage map of the LFO register;

FIG. 10(B) is a storage map of a coefficlent register shown
in FIG. 8;

FIG. 10(C) is a storage map of an address register shown in

FIG. 8;

FIG. 11 is a storage map of a delay RAM shown in FIG. 8;
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to be executed. Then, a nodul ation
respectively inparted to the

FIG. 12 is a block diagram showing peripheral circuits of an

address count

er;

FIG. 13 is a block diagram showing peripheral circuits of a

temporary RAM 59 shown in FIG. 8;

FIG. 14 is a storage map of a temporary RAM 63;

FIG. 15 is a block diagram showing a detailed configuration

of an address producing portion shown in FIG. 2 which is

connected with an effect program memory:;

FIG. 16 is a storage map of a head address register shown in

FIG. 15;

FIG. 17 shows storage maps of the effect pfogram memory and

a head addres

s ROM;

" FIG. 18 is a flowchart showing a main routine whose

processes are performed by a CPU shown in FIG. 1;

FIG. 19 is a flowchart showing a routine of tone-color

changing proc

€ss;

FIG. 20 is a stordage map of a tone color mémory;

FIG. 21 is a flowchart showing a routine of mouse process;

FIG. 22 shows an example of a graphic pattern which is

displayed on a display screen of a display unit shown in FIG. 1

in connection with the sound effect EF1;

FIG. 23
displayed in
| FIG. 24
displayed in
~ FIG. 25
displayed in

FIG. 26

shows an example of
connection with the
shows an example of
connection with the
shows an example of
connection with the

shows an example of
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-2- sharing manner. The papers of the above publication describe that
different sound effects can be inparted to the sanme nusical tone data in
paral |l el . The above nentioned sound effect inparting apparatus can
respond five cases: a first case where the nodul ation effect is only

I nparted to the nusical tone data; a second case where the reverberation
effect is only inparted to the nusical tone data; a third case

displayed in connection with the sound effect EF5;

. FIG. 27 shows an example of a graphic pattern which is
displayed in connection with the output operations of the sound
effect imparting apparatus;

FIG. 28 is a storage map showing specific areas, each
storing image information, which are formed in a ROM shown in
FIG. 1; |

FIG. 29 shows an example of a graphic pattern which 1s used
to conceptually display a line.connection among predetermined
sound effects selected in the sound effect imparting apparatus:;

FIG. 30 shows a storage map of a fundamental data ROM; _

FIG. 31 shows a graphic pattern which is used to change
effect parameters with respect to the sound effect EF1;

FIGS. 32 and 33 are timing charts each showing several kinds
of operation‘fimings at which mixing operations and/or
computation are sequentially carried out;

FIG. 34 is a block diagram showing a configuration of a
chorus-effect imparting portion;

FIGS. 35(A) and 35(B) are graphs showing examples of low-
frequency-oscillation waveforms; and

FIGS. 36 to 38 are drawings showing the contents of
operatioﬁal steps of effect programs which are executed when
imparfing the chorus effect to thé musical tone data by the

chords—effect imparting portion shown in FIG. 34.

Now, an embodiment of the present invention will be

described by referring to the drawings.
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where the reverberation effect is inparted to the nusical tone data after

I nparting the nodul ation effect; a fourth case where the nodul ati on effect
is, inparted to the mu- sical tone data after inparting the reverberation
effect; and a fifth case where the nodul ati on effect and rever- beration
effect are respectively inparted to the nusical tone data in parallel. The
above apparatus, however, can nerely performfive kinds of sound-effect

i nparting operations. 'In short the conventional apparatus has a drawback in
that the[gyntvRo16f CobheigeracicH (G Eidcdroaic Musical Instrument

'Fig. 1 is a block diagram showing a whole configuration of
an electronic musical instrument which employs a sound effect
imparting apparatus according to an embodiment of the present
invention. 1In FIG. 1, a numerai 1 denotes a central processing
unit (i.e., CPU) which controls several kinds of circuit portions
in the electronic musical instrument. A numeral 2 denotes a
read-only memory (i.e., ROM) which stores several kinds of
control programs to be loaded by the CPU 1 and also stores
several kinds of data to be used for the control programs. A
numeral 3 denotes a random-access memory (i.e., RAM) in which a
tone-color-data storing area, a working buffer and the like are
provided. This RAM 3 is coupled with a battery backup system, so
that even if the power is down, the data can be retained.
Incidentally, detailed configurations of the ROM 2 and RAM 3 will
be described later.

A display unit (or visual display terminal) 4 employing a
11quid-crysta1 display screen is capable of visually displaying
the contents of data given from the CPU 1 by means of a CPU bus 5
and a display interface 6. Further, a numeral 7 denotes a mouse
which 1s moved around by a performer (i.e., a person who performs
the electronic musical instrument) on a flat table by # desired
distance in a desired direction. So, the mouse 7 produces mouse
data corresponding to the moving distance and moving direction
thereof. The mouse data is transferred to the CPU 1 through the
CPU bus 5 an& a mouse interface 8. Thus, a cursor displayed on
the display screen of the display unit 4 is moved in response to

the moving distance and moving direction of the mouse 7.
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i nparted to the nusical tone data is restricted. US-A-5 081 898 di scl oses
an apparatus for generating nusical sound control paraneters. The nu- sical
sound. control paraneters are supplied to a nusical sound generating
apparatus for using themto generate nusical sound by the nusical sound
generating appa- ratus. The nusical sound generating apparatus gener- ates
nmusi cal tones to which effects are inparted, such as vibrato, trenolo and
brilliance set by the effect nap setting device. Then the effect-inparted

musi cal tones _

Meanwhile, a numeral 9 denotes a tone-color switching unit
providing a plurality of switches corresponding to the tohe
colors of the pianb. guitar, organ and the like. By operating
the tone-color switching unit 9, it is possible to select desired
one of the tone colors. Data representing an operating state of
each of the switches is transferred to the CPU 1 by means of a
tone-colbr switching interface 10 and the CPU bus 5.

In addition, a keyboard unit 11 consists of a plurality of
keys. This keyboard unit 11 provides a mechanism which detects
key-depression/release events occurred in each of the keys so as
to detect a key-depressing velocity and a key-releasing velocity
with respect to each of the keys. The keyboard unit 11 produces
signals representing the key-depression/release events, key-
depressing velocity and key-releasing velocity. A keyboard
interface 12 creates key information, representing the tone
pitch, key-depressing velocity and the like, on: the basis of the
signals given from the keyboard unit 11. The key information is
transferred to the CPU 1 through the CPU bus 5.

Further, a numefal 13 denotes a sound source circuit
providing a plurality of tone-generation channels. This sound
source circuit 13 is controlled by'musical tone parameters,
represéﬁting tone color data and the like, which are supplied
from the CPU 1 through the CPU bus 5. The sound source circuit
13 is designed such that it is capable of simultaneously
producing a plurality of musical tone data responsive to the
musical tone parameters. If one musical note is sounded by use

of the piano sound and guitar sound, two tone-generation channels
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are processed by a digital filter and a delay tinme nodu- lation circuit.
The brochure " The KORG Prof essional Per- formance Series: Wavestation -
Wavestation A/D'; KO RG INC., 1991 discloses a sound effect inparting ap-
paratus according to the preanble of claim1. In a sound effect

I mparting apparatus of that kind effectors inpart effects to the input
signals only once a tinme. The possibilities as regards the inparting

independently output two musical tone data respectively
representing the piano sound and guitar sound.

Moreover, a numeral 14 denotes a sound effect imparting
apparatus which is designed to impart a plurality of sound
effects such as the chorus effect and reverberation effect to a
plurality of musical tone data outputted from the sound source
circuit 13. An input terminal unit 15 provides two input
terminals, through which several kinds of musical tone signals
given from an external device (not shown) can be entered. An
analog-to-digital convertér (i.e., A/D converter) 16 converts the
analog external-musical-tone signals, given from the external
device through the input terminal unit 15, into digital external-

- musical-tone data, which'is supplied to the sound effect
imparting appafatus 14. Furthermore, a sound system 17 contains
a digital-to-analog converter (i.e., D/A converter) which
converts the digital musical tone data, outputted from the sound
effect imparting apparatus 14, into the analog musical tone
signals. In the sound system 17, a predetermined filtering
procesé and a noise eliminating process are carried out on the
analog musical tone signals; and then, the musical tone signals
are amplified. Thus, speakers connected with the sound system 17 -
will produce the corresponding musical tones.

[B] Detailed Configuration of Sound Effect Imparting Apparatus

FIG. 2 is a block diagram showing a conceptual configuration
of the sound effect imparting apparatus 14. In FIG. 2, a mixer
18 receives musical tone data outputted from the sound source
circuit 13 shown in Fig. 1 as well as the external musical tone

data, outputted from the A/D converter 16, and a plurality of
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-3- of effects are therefore restricted and it is especially not possible
to freely provide a mxture of effects which

musical tone data outputted from an sound-effect operation
portion 19. Herein, the musical tone data is given as serial
data, whereas the maximum number of the musical tone data
outputted from the sound source circuit 13 is set at four, and
the number of the external musical tone data (éiven as the serial
data) outputted from the A/D converter 16 1s set at two. The
sound-effect operation portion 19 performs arithmetic operations
(and/or logical operations) on the input data thereof so as to
output the musical tone data to- which several kinds of sound
effects have béen imparted. On the basis of mixing information
given from a mixing information supply portion 20, the mixer 18
selects some of the musical tone data supplied thereto so as to
mix them together.

Meanwhile, the sound-effect operation portion 19 receives
five kinds of effect programs from a effect program memory 22,
wherein those effect programs are carried out to impart the sound
effects to the musical tone data. Within one sampling ﬁeriod
(hereinafter, referred to as 1 DAC cycle) of the D/A converter
equipped in the sound system 17 shown in Fig. 1, the sound-effect
operation portion 19 performs the effect programs in a time-
division manner on a plurality of musical tone data mixed
together by the mixer 18 on the basis of effect parameters glven
from an effect parameter supply portion 21. The above-mentioned
five kinds of sound effects are.respectively denoted by numerals
EF1 to EF5. |

As for each of the sound effects EF1l, EF2 and EF5, the

sound~effect operation portion 19 produces one wet musical tone
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overlap with each other. It is an object of the present invention
to pro- vide a sound effect inparting apparatus which is capa- ble of
i mparting a variety of sound effects to the nusical tones in a variety of

sound-effect inparting nanners. Thi s object is achieved by a sound
effect im parting apparatus as mentioned in the characterizing part of
claim1. According to a fundanental configuration of the invention,

the sound effect inparting apparatus
data with respect to each of left and right channels. Herein,

the term "wet musical tone data" represents the musical tone data
to which the sound effect has been already imparted. Noﬁ,
operation datg EX1L for a left-channel sound effect EF1L and
operation data EX1R for a right-channel sound effect EFIR are
produced with respect to the sound effect EF1; operation data
EX2L for a left-channel sound effect EF2L and operation data EX2R
for a right-channél sound effect EF2R are produced with respect
to the sound effect EF2; operation data EXSL for a left-channel
sound effect EFSL and operation data EX5R for a right-channel
sound effect EF5R are produced with respect to the sound effect
EF5. On the other hand, only one channel is preset for each of
the sound effects EF3 and EF4, so that the sound-effect operation
portion 19 produces ohe wet musical tone data corresponding to
one channel with respect to each of the sound effects EF3 and
EF4. More specifically, operation data EX3 is produced with
respect to the sound effect EF3,.wh11e operation data EX4 is
produced with respect to the sound effect EF4. Thus, the sound-
effect operation portion 19 produces and éutputs a plurality of
wet musical tone data corresponding to eight channels in total.
The effect program memory 22 stores the effect programs
corresponding to a plurality of sound effecté. According to
manual operations aﬁplied to thé mouse 7, a sound-effect
designating portion 24 can designate five sound effects within a
plurality of sound effects which have been preset in the effect
program memory 22. In the effect program memory 22, a certain
head address is related to each of the effect programs. So, the

sound-effect designating portion 24 can detect the head address
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conprises a programstoring portion, a plurality of pro- gram executing
portions, "a plurality of mxing portions and m xing control portion. The
program storing portion is capable of storing a plurality of programs each
corre- sponding to each of sound effects to be inparted to the nusical tone
data. Each of the program executing por- tions executes the prograns, read.
fromthe programstoring portion, sequentially so as to inpart a desired
sound effect to the mnusical tone data supplied thereto. Each of the m xing

POr ti Ongn | Sokh &Vt £ WL edcl % et program to be designated.
Therefore, five head addresses corresponding to five sound
effects designated by the sound-effect designating portion 24 are
transferred to an address produciﬁg portion 23. On the basis of
each head address given from the sound-effect designating portion
24, the address producing portion 23 produces the read addresses
for the effect program corresponding to each sound effect
designated. Such operation for producing the read addresses is
repeatedly carried'out with respect to each of five head
addresses within 1 DAC cycle. Thﬁs, during 1 DAC cycle, it is

- possible to produce all of the read addresses for five effect
programs corresponding to five.sound effects designated. 1In
accordance with the read addresses given from the address
producing portion 23, five effect programs are sequentially read
from the effect program memory 22; and then, those effect
programs are supplied to the sound-effect operation portion 19.

An example of operating timings of the sound-effect
operation portion 19 is shown by FIG. 3(b). More precisely, each
of those operating timings designates an input timing at which
the effect program is inputted into the sound-effect operation
portion 19. The details of those timings will be described
later. 1In fhe present émbodiment, 1 DAC cycle is constructed by
two hundreds and fifty six operational steps, which are
respectively designated by operational step 0 to operational step
255. Incidentally, one operational step corresponds to an
operation time in which one control code of the effect program is

processed, As described before, the sound-effect operation
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wi th each of the program executing portions. Hence, each of the m xing
portions m xes external mnusical tone data, given froman external device,
wi'th a designated one of plural nusical tone data which are respectively
outputted fromthe program executing portions. The m xing control portion
designates the nusical tone data which is subjected to m xing operation in
each of the m xing portions Thus, the nusical tones to which de- sired

SOUNd. o el e P TneA" 8 aB LG e bt s eQbe 2 ERY c8%hfs”

t he n1X|
within 1 DAC cycle. Incidentally, the size of the program

corresponding to each of five sound effects EF1 to EF5 is fixed.
More specifically. fifty six operétional steps are carried out
with respect to the sound effect EF1l; fifty six operational steps
are carried out with respect to the sound effect EF2; twenty four
operational steps are carried out with respect to the sound
effect EF3; twenty four operational steps are carried out with
respect to the sound effect EF4; and ninety six operational steps
are carried out with respect to the sound effect EFS.

As shown in FIG. 3(b), a data processing for the sound
effect EF1 1s carried out by operational step 0 to operational
step 55; a data processing for the sound effect EF2 is carried
out by operational step 56 to operational step 111; é data
processing for the'sound effect EF3 is carried out by operational
step 112 to operational step 135;: a data processing for the sound
effect EF4 is carried out by operational step 136 to operational
step 159; and a data processing.for the sound effect EF5 is
carried out by operational step 160 to operational step 255. All
of the above-mentioned data processings for the sound effects EF1
to EF5 are carried out within 1 DAC cycle.

" Each of FIGS. 4 and 5(A) to 5(F) shows a conceptual
configuration representing a relationship between the mixer 18
and the sound-effect operation portion 19 which are activated in
a time-division manner in connection with each of the sound
effects EF1 to EF5. In the block diagrams shown by those
drawings, numerals MIXI1 to MIXI6 denote pre—étage mixing

portions, each of which is provided in a pre-stage of
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Further objects and advantages of the present invention will be appar ent
fromthe follow ng description, reference being had to the acconpanying

drawi ngs wherein the preferred enbodi mrent of the present inven- tion is
Cl earl'y shown.

corresponding oné of sound effect portions EF1 to EF5; numerals
MIX01 to MIXO5 denote post-stage mixing portions, each of which
is provided in a post-stage of each of sound effect portions EF1
to EF5; numerals MIX07 and MIX08 denote output-stage mixing
portions which are respectively provided in output stages for the
left and right channels. Among them, each of the pre-stage
mixing portions MIXI2 to MIXI6 and the output-stage mixing
portions MIX07 and MIX08 has the same configuration of the pre-
stage mixing portion MIXI1; hence, the detailed illustration
‘thereof is omitted in FIGS. 5(A) to 5(F).

In the pre-stage mixing portion MIXI1 shown in FIG. 4,
numerals MLT, MLT, ... denote multipliers each having a
multiplication coefficient which is controlled by multiplication
coefficient data given from the mixing information supply portion
shown in FIG. 2. Each multiplier MLT multiplies each musical
tone data by each multiplication coefficient. A numeral GT
denotes a gate circuit in which fourteen switches are arfaqged in
parallel. Each switch is controlled to be turned on or off in
response to a switching signal corresponding to switch-on/off
control data given from the mixing information éupply portion 20.
A numeral ADD denotes an adder which receives a plurality.of
musical tone data through the gate circuit GT so as to add them
together.

In the post-stage mixing portion MIXO01l shown in FIG. 4,
numerals MLT1 to MLT4 denote multipliers each having a
multipliéation coefficient which-is controlled by the
.multiplication coefficient data given from the mixing information

I —
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-4- In the drawings: FIG 1 is a block diagramshow ng a whole
config- uration of an electronic nusical instrument: enploy- ing a sound
ef fect inparting apparatus according to an enbodi ment of the present

i nvention;

supply portion 20. In FIG. 4, "EM1" denotes mixed data, '
outputted from the pre-stage mixing portion MIXI1, which is
supplied to the sound effect portion EF1. In the sound effect
portion EF1l, a prédetermined sound effect is appiied to the mixed
data EM1, resulting that the aforementioned oberation data EX1L
and EX1R are produced in connection with the left-channel sound
effect EF1L and right-channel sound effect EF1IR. The multiplier
MLT1 multiplies the mixed data EM1 by its multiplication
coefficient; the multiplier MLTZ.ﬁultiplies the operation data _
EX1L by its multiplication coefficient; the multiplier MLT3
multiplies the operation data EX1R by its'multiplication
coefficient; and the multiplier MLT4 multiplies the mixed data
EM1.by its multiplication coefficienf. Then, an adder ADD1 adds
results of the multiplications respectively performed by the
multipliers MLTl and MLT2, while an adder ADD2 adds results of
the.multiplications respectively performed by the multipliérs
MLT3 and MLT4. Incidentally, the other post-stage mixing
portions MIX02 to MIX05 shown in FIGS. 5(A) to 5(D) are
configured'as similar to the post-stage mixing portion MIXO1
shown in FIG. 4. The multipliers and one or two adders contained
in each of the post-stage mixing portions MIX02 to MIXO05 are
designed to function as similar to the multipliers MLT1 to MLT4
and adders ADD1 and ADD2 provided in the post-stage mixing
portion MIX0l. Numerals or symbols used for each of the block
circuits shown in FIGS. 5(A) to 5(D) are determined as similar to
those of the block circuit shown in FIG. 4.

As described before, maximum four series of musical tone

‘data (i.e., maximum four series of serial data) are outputted
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FIG 2 is a block diagram showi ng a conceptual con- figuration of the sound
effect inparting apparatus; FIG 3 is a timng chart showi ng an exanpl e of
Op- eration timngs of the sound effect inparting appa- ratus; FIG -4 is a
bl ock di agram showi ng an algorithm c configuration for a sound effect EF1
which is com puted by a nmain portion-of the sound effect inpart- ing
apparatus in a tine-division manner; FIGS. 5(A) to 5(D) are bl ock di agrans
showi ng al -

from the sound source circuit 13, while two serles of external
musical tone data (i.e., two series of serial data) are outputted
from the A/D converter 16. The above-mentioned serial data are
supplied to a serial-to-parallel converter 25 (see FIG. 6), in
which those serial data are converted into parallel data. More
specifically, the four series of musical tone data are
respectively converted into data ID1 to ID4, while the two series
of external musicai tone data are respectively converted into
data GD1 and GD2. Those data ID1 to ID4 and GD1, GD2 are
inputted into the pre-stage mixing portion MIXI1l. In addition,
other musical tone data E10L, E10R, EZOL.'EZOR, E30, E40, ESO0L
and ES0R are also inputted into the pre-stage mixing portion
MIXI1. The othgr pre-stage mixing portions_MIXIz to MIXI6 and
the output-stage mixing portions MIX07 and MIX08 are designed as
similar to the above-mentioned pre-stage mixing portion MIXI1.

As shown in FIGS; 4 and 5(A) to 5(D), the data E10L and EiOR
are outputted from the post-stage mixing portion MIXO1; the data
E20L and E20R are outputted from the post-stage mixing portion
MIX02; the data E30 is outputted from the post-stage mixing

- portion MIX03; the data E40 is outputted from the post-stage
miiing portion MIX04; further, the data ES50L and ES0R are
outputted from the post-stage mixing portion MIX05. The pre-
stage mixing portions MIXI1 to MIXI6 respectively output the .
mixed data (i.e., dry ﬁusical tone data) EM1, EM2, EM3, EM4, EMSL
and EM5R. Herein,.the term "dry musical tone data" represents
the musical tone data to which the sound effect is not imparted.

The mixed data EM1 outputted from'MIXIl is provided for the sound
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gorithmc configurations for sound effects EF2 to EF5 respectively; FIGS
5(E) and 5(F) are block diagrans show ng algorithmc configurations

regardlng outputting op- erations of the sound effect inparting apparatus;

FIG 6 is a block diagramshowi ng a detailed con- figuration of a m xer
shown in FIG 2; FIG 7 is a storage map of a m xer RAM shown in FIG 6;
FIG 8 is a block diagram show ng a detail ed con-

effect EF1l; the mixed data EM2 outputted from MIXI2 is provided
for the sound effect EF2; the mixed data EM3 outputted from MIXI3
is provided for the sound effect EF3{ the mixed data EM4
outputted from MIXI4 is provided for the sound effect EF4; the
mixed data EMSL outputted from MIXI5 is provided for the left-
channel sound effect EF5L; and the mixed data EM5SR outputted from

- MIXI6 is provided for the right-channel sound effect EF5R.
Further, the sound effect portions EF1 to EF5 respectively output
the operation data (i.e., wet musical tone data) EX1L, EX1R,
EX2L, EX2R, EX3, EX4, EX5L and EX5R. Herein, the operation data
EX1L and EXIR are respectiyely outputted from left-channel and
right-channel terminals EF1L and EF1R of the sound effect portion
EF1; the operation data EX2L and EX2R are respectively outputted
from left-channel and right-channel terminals EF2L and EF2R of
the sound effect portion EF2; the operation data EX3 is outputted
from the sound effect portion EF3; the operation data EX4 is
outputted from the sound effect portion EF4; further, the
operation data EX5L and EXS5R are respectively outputted from
left-channel and right-channel terminals EFS5L and EF5R of the
1éound effect portion EF5. The above-mentioned dry musical tone
data and wét musical tone daté are well mixed together to achieve
a predetermined effect balance in each of the post-stage mixing
portions MIX01 to MIXOS. |

The musical tone data E10L corresponds to the left-channel

- sound effect EF1L, while the musical tone.ddta E10R corresponds
to the right-channel sound effect EFIR. Similarly, the musical
tone data E20L corresponds to the left-channel sound effect EF2L,

while the musical tone data E20R corresponds to the right-channel

17
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figuration of a sound-effect operation portion shown in FIG. 2 and its
peripheral circuits; FIG 9(A) is a block diagram show ng peripheral cir-
cuits of a LFOregister shown in FIG 8; FIG 9(B) is a timing chart
showi ng operation tim ings of the circuitry shown in FIG 9(A); FIG 10(A)
Is a storage map of the LFO register; FIG 10(B) is a storage map of a
coefficient register shown in FIG 8;
sound effect EF2R; the musical tone data E30 corresponds to the
sound effect EF3; the musical tone data E40 corresponds to the
sound effect EF4; the musical tohe data E50L corresponds to the
left-channel sound effect EF5L, while the musical tdne data ESOR
corresponds to the right-channel sound effect EF5R.

Thus, the aforementioned data ID1 to ID4 and GD1, GD2 are
mixed together by a predetermined mixing rate so as to produce
the mixed musical tone data. Then, several kinds of sound
effects are combined together, so that combined sound effects are
imparted to the mixed musical tone data. Incidentally, a mixing
ratio by which the data ID1 to ID4, GD1, GD2, E10L, E10R, E20L,
E20R, E30, E40, ES50L and E50R to be supplied to the pre-stage
mixing portion can be controlled by use of the mouse 7. In
addition, a selection of the sound effects EF1 to EF5 and a
combination of them can be also controlled by use of the mouse 7.

- Incidentally, the CPU 1 works responsive to the operation of the
mouse 7. The details of the operation of the mouse 7 and the
operation of the CPU 1 will be described later.

FIG. 6 is a block diagram showing a detailed configuration
of the mixer 18. This mixer 18 is designed to act upon an
operation clock ¢ ; which corresponds to a clock ¢ g, having a
predetermined period (i.e., 1/256 of 1 DAC cyclé), generated from
a clock generating circuit (not shown). The above operation
clock ¢ 1 is obtained by dividing a frequency of the clock ¢ o by
"2". The reason why the period of the operation clock is set

longer is to reduce a size of circuitry of a multiplier portion

29. In FIG. 6, the serial-to-parallel converter 25 recelves the
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FIG 10(0 is a storage nmap of an address register shown in FIG 8;

maximum four series of serial musical tone data, outputted from
the sbund source circuit 13, as well as the two series of serial
external-musical-tone data, outputted from the A/D converter 186,
so as to convert them into parallel data, i;e.. ID1 to ID4 and
GD1, GD2.

A selector 26 has two input terminals "a" and "b". The
above-mentioned data ID1 to ID4 and GD1, GD2 are supplied to the
input terminal "a" of the selector 26, while the aforementioned
musical tone data E10L, E10R, E20L, E20R, E30, E40, ES0L and ES50R
to be outputted from a delay circuit 32 are also supplied to the
input terminal "b" of the selector 26. In response to the
coﬁtrpl codes outputted from the effect program memory 22, the
selector 26 selects one of the input terminals "a" and "b" so as
to eventually output a set of the data applied to the selected
terminal.

A numeral 27 denotes a mixer random-access memory (i.e.,
mixer RAM) which can store fourteen kinds of data, i.e., ID1 to
ID4, GD1, GD2, E1OL, E10R, E20L, E20R, E30, E40, ESOL and E50R at
address 0 to address 13 respectively as shown in FIG. 7. A
numeral 27a denotes a latch portion attached with the mixer RAM
27._ This latch portion 27a is provided to adjust output timings
for the data to be read from the mixer RAM 27. 1In order to do

so, the latch portion 27a temporarily retains three data which

~are firstly outputted from the mixer RAM 27.

A selector 28 provides two 1nput.term1nals "a" and "b".
Herein, the data which are outputted from the mixer RAM 27
through the latch portion 27a are supplied to the input terminal

"a" of the selector 28, while the musical tone data outputted
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FIG 11 is a storage map of a delay RAM shown in FIG 8; FIG 12 is a
bl ock .di agram show ng peripheral cir- cuits of an address counter;

FIG 13 is a block diagram show ng peripheral cir- cuits of a tenporary
RAM 59 shown in FI.G 8; FIG 14 is a storage map of a tenmporary RAM 63;
FIG 15 is a block diagram show ng a detailed con- figuration of an

addr ess produci ng portion shown in FIG 2 which is connected with an

ef fect program

from the aforeméntioned sound-effect operation portion 19 is
supplied to the input terminal "b" of the selector 28. 1In
accordance with the control codes outputted from the effect
program memory 22, one of the input terminals of the selector 28
is selected so that the data applied to the selected terminal is
eventually outputted to the hultiplier portion 29. The
multiplier portion 29 has 6ne or more multiplication
coefficients, which are controlled by the multiplication
cpefficient data outputted from the mixing information supply
portion 20 (see FIG. 2). Thus, the multiplier portion 29
multiplies the data outputtea from the selector 28 by the
multiplication coefficients. This multiblier portion 29
cofresponds to the aforementioned multipliers MLT and MLTL to
MLT4 shown in FIGS. 4 and 5(A) to 5(D). The multiplier portion
29 is designed to perform one multiplication in the duration
corresponding to two clocks ¢ ;. As a result, the data supplied
to the multiplier portion 29 is eventually delayed by. a certain
delay time corresponding to.four clocks ¢ o in total.

A numeral 30 denotes a gate having two input terminal, in
which a first input terminal receives the switch signal
corresponding to the switch data outputted from the mixing
information supply portion 20, while a second input terminal

' recelves output data of the multiplier portion 29. When the
switch signal is set at "1", the gate 30 is turned on so that the
output data of the ﬁultiplier portion 29 is outputted therefrom.

' The gate 30 corresponds to the aforementioned gate circuit GT

shown in FIG. 4. Moreover, an adder 31, the delay circuit 32 and
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menory;, FIG 16 is a storage map of a head address register shown in

Rl G 15; FIG 17 shows storage maps of the effect programThis Sheetiias BeaarRdplaced
head address ROM FIG 18 is a flowhart showing a main ro

processes are perfornmed by a CPU shown in FIG 1: FIG 19 | L"”
showi ng a routine of tone- col or changi ng process; FIG 20 is a

storage map of a tone col or nenory; '
a gate 33 are assembled together to form an accumulator. Herein,

an output of the adder 31 is supplied to the delay circuit 32 in
which it is delayed by a certain delay time corresponding to one
clock ¢ 1; and then, a delayed output of the delay circuit is
supplied to the gate 33. The accumulator consisting of the
above-méntioned circuit elements 31, 32 and 33 corresponds to the |

- aforementioned adders ADD, QDDl and ADD2 shown in FIGS. 4 and

~ 8(A) to 5(D). A numeral 34 denotes a parallel-to-serial
converter which converts parallel musical tone data, outputted
from the delay circuit 32, into serial musical tone data. The
serial musical tone data are sequentially supplied to the
aforemgntioned sound system 17 shown in FIG. 1.

FIG. 8 is a.block diagram showing a detailed configuration
of the sound-effect operation portion 19 and its peripheral
circuits. In FIG. 8, parts identical to those shown in FIGS. 1
and 2 are designated by the same numerals; hence, the detailed
description thereof will be omitted. The aforementioned mixing
information supply portion 20 consists of a switch register 35, a
parallel-to-serial converter 36, a volume register 37 and an
interpolator 38...Here1n, the switch register 35 stores the
switch data controlling the on/off states of the gate 30 (see
FIG. é)'provided in the mixer 18, so that fhe'switch register 35
outputs parallel switch data. The parallel switch data are
supplied to the parallel-to-serial converter 36 in which they are
converted into serial switch signals. The volume register 17
stdres the multiplication coefficient data controlling the
multiplication coefficients used in the multiplier portion 29

(see FIG. 6) provided in the mixer 18. The interpolator 38

21



FIG 21 is a flowhart show ng a routine-of nouse. ... process; FIG 22

shows .an exanpl e of a graphic pattern which is displayed on a display
screen of a display unit shown in FI G ThisSheetdlahBesn Rendagedni t h t he sound
ef fect EF1; FIG 23 shows an exanpl e of ern which is
di spl ayed in connection with the sound ef- | i ; FIG 24 shows an

exanpl e of a graphic pattern

interpolates the multiplication coefficient data outputted from
the volume register 37.

The switch register 35 provides eight addresses, i.e.,
address 0 to address 7 which respectively correspond to the pre-
stage mixing portions MIXI1 to MIXI6 and the output-stage mixing
portions MIXO7 and MIX08. At each address, there is provided a
storage area which is capable of storing fourteen switch data
used for each mixing portion. The CPU 1 designates fourteen
switch data, so that the fourteen switch data are transferred to
the switch register 35 in which they are stored at the address
designated by the CPU 1. In accordance with output timings which
are determined responsive to a progress of operational steps to
be executed in the sound-effect operation portion 19, the
fourteen switch data are sequentially read out from each address
of the switch register 35.

The volume register 37 provides a plurality of storage areas
each storing each of the multiplication coefficient data which
are used in the pre-stage mixing portions MIXI1 tp MIXI6, the
post-stage mixing portions MIX0O1 to MIX05 and the output-stage
mixing portions MIX07, MIXO8 respectively. Therefore, one
multiplication.coefficient data transferred from the CPU 1 is
stored in each storage area, designated by the CPU 1, in the
volume reéister 37. Inlaccordance with output timings which are
determined responsive to a progress of operational steps to be
executed in the sound-effect operation portion 19, plural
multiplication coefficient data are respectively read out from

plural storage areas provided in the volume register 37.
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which is displayed in connection with the sound ef- fect EF3; FIG 25
shows an exanple of a gr&ﬁBMQaﬂﬁgﬁéﬁﬂ Jhich is displayed in connecti on

N T

Meanwhile, a low-frequency-oscillator register (hereinafter,

simply referred to as a LFO register) 44 stores low-frequency
oscillation data (simply referred to as LFO data)'which is
transferred from the CPU 1. The LFO data is used to control a
low-frequency oscillator (i.e., LFO) 45 which controls modulation
(representing the vibrato, tremolo and the like) to be applied to
the musical tone data. More specifically, the LFO data contains
several pleces of information representing a waveform of low-
frequency oscillator, a frequency of low-frequency oscillator, a
depth of low-frequency oscillation, a phase, a kind of modulation
(representing a pitch modulation or an amplitude modulation) and
the 1ike. A coefficient register 46 stores data representing the
effect balance among the sound effects EF1 to EF5, and it also
stores coefficient data representing filter coefficients which
are used to impart the sound effects, such as the reverberation
effect, to the musical tone data, for example. Those data are

transferred from the CPU 1 to the coefficient register 46.

: An address register 47 stores.delay address data which is
transferred from the CPU 1. In this case, a deiay RAM 43 is
externally connected with the sound-effect operation portion 19
in order to control a délay amount applied to the musical tone
data when imparting the sound effect (e.g., reverberation effect)
to the musical tone data. This delay RAM 48 delays the musical
tone data inputted thereto by a predetermined delay amount. The
above-mentioned delay address data corresponds to an address of
the delay RAM 48,

The above-mentioned LFO reglister 44, coefficient register 46

and address register 47 are assembled together to fdrm the
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-6- FI'G 26 snoms an‘exanple of a graph]c pattern whi ch is displ ayed

kN conn sound ef - fect EF5; FIG 27 shows an exanpl e
of a gr§€ ngﬂa ep“e dahi ch is displayed in connection with the output
op- e , l sound effect inparting apparatus;

aforementioned effect parameter supply portion 21 shown in FIG.
2.

FIG. 9(A) is a block diagram showing the LFO register 44 and
its peripheral circuits in detail, while FIG. 9(B) is a timing
chart. In FIG. 9(A), a numeral 39 &enotes a counter which counts
a number of clocks ¢ g, each having a predetermined period, which
are generated from a clock generating circuit (not shown). More
specifically, the counter 39 counts the number of clocks ¢ j
within 1 DAC cycle, so that its count value is changed from "0O"
to "255". -Meanwhile. the CPU 1 supplies certain data, having a
predetermined bit length, to a decoder 40 through the CPU bus 5.
That data corresponds to the address of the LFO register 44 which
is designated by the CPU 1. The decoder 40 decodes the data so
as to produce 8-bit address data and a write signal.

A numeral 41 denotes an AND gate having two input terminals,
in which a first input terminal receives the write signal, while
a second input terminal receives a clock ¢, generated by-the |
clock generating circuit. The phase of the clock ?Tb is reverse
to that of the aforementioned clock ¢ 5. A selector 42 has three
input terminals, in which an input terminal "A™ receives an 8-bit
count value outputted from the counter 39; an input terminal "B"
receives the 8-bit address data from the decoder 40; and a select
terminal "SB" receives an output signal SB of the AND gate 41.
When the signal SB is at "1", the selector selectively outputs
the 8-bit addreés data supplied from the decoder 40. A numeral
43 denotes an inverter which inverts the output level of the AND

gate 41. An output of the inverter 43 is supplied to a write
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FIG 28 is a storage map showi ng specific areas, each SLLHJJELJJEEELTT_____
I nformation, which are forned in a ROMshowm in FIG 1; FIG 29 shows
an exanple of a graphic pattern which is used to conceptUHﬁd$deﬁ§ﬁ&£@@ﬁmmd
1°i ne ¢onnec- ~ tion anong predeFerrri ned sound effects.sel eciﬁ”‘lmmﬂumlm
sound effect inparting apparatus; FIG 30 shows a storage _
fundanent al data ROM FIG 31 shows a graphic pattern I'C
to

enable terminal WE of the LFO register 44.

| The peripheral circuits of the LFO reglister 44 are

configured as described above. Normally, as shown in FIG. 9(B),

the LFO data is read out from the address, corresponding to the

count value of the counter 39, in the LFO register 44. However,

in the case where the LFO data and its address data (representing

a write address at which the LFO data is to be written) are

transferred from the CPU 1, the LFO data is read from the address

of the LFO register 44 corresponding to the count value of the

counter 39 in synchronism with a leading-edge timing of the clock

¢ o; and then, the LFO data transferred from the CPU 1 is written

1n£o the LFO regiéter 44 at the address designated by the CPU 1

in éynchronism with a trailing-edge timing of the clock $0-

Incidentally, peripheral circuits of the coefficient register 46

and address register 47 shown in FIG. 8 are also configured as

similar to those of the above-mentioned LFO register 44: and

consequently, those registers 46 and 47 would operate as similar

to the LFO register 44.

FIGS. 10(A). 10(B) and 10(C) are drawings showing storage

maps respectively corresponding to the LFO register 44,

coefficient register 46 and address register 47. Each of those

reglisters 44, 46 and 47 has two huhdreds and fifty six addresses,

represented by address 0 to address 255. Each data stored at

each address of the register is read out in response to each

operational step of the processing of the sound-effect operation

portion 19 which i1s configured by a digital signal_processor

(i.e., DSP). Incidentally, each address of the register

corresponds to each step of the sound-effect operation portion 19
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change effect parameters with respect to the—sound ef-fect EF1; FI GS

32 and-33 are timng charts each show ng klnds of operatlon
timngs at which m xing oper ations and/or ‘édsequentlally
car - ried out, FIG 34 is a block dlagsﬁ onflguratlon _
of a chorus-effect inparting portion; (B) are graphs
showi ng exam - ples of |owfrequency-oscillation maveforns and

in such a manner that the data stored at address 0 is used for
operational step 0 of the soﬁnd-effect operation portion 19.
Moreover, the CPU 1 manages storage addresses for the data
(representing a frequency of LFO 45, a depth of amplitude and the
like) to be stored in each of the registers 44, 46 and 47. When
being édited by the performer, thosé-data stored in each of the
reglsters 44, 46 and 47 are rewritten under the control of the
CPU 1. | |

Next, FIG. 11 shows an example of a memory map for the delay
RAM 48. In the delay RAM 48, the whole storage area is divided
into five areas, wherein a first area defined between address A
and address B-1 1s provided to delay the data for the sound
effect EF1; a second area defined between address B and address
C-1 is provided to delay the data for the sound effect EF2; a
third area defined between address C and address D-1 is provided
to delay the data for the sound effect EF3; a fourth area defined
between address D and address E-1 is provided to delay the data
for the sound effect EF4; and a fifth area defined between
address E and address F is provided to delay the data for the
sound effect EFS5.

Now, the description will be given back with respect to FIG.
8. In FIG. 8, a numeral 49 denotes a latch circuit which
temporarily retains an integral part of the LFO data (simply
referred to as integral data) outputted from the low-frequency
oscillator 45 in accordance with the control codes of the effect
program read from the effect program memory 22. A gate 50 is

controlled to be turned on or off in response to the control
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FIGS. 36 to 38 are drawi ngs showi ng the contents of operational steps of
ef fect. prograns which areTEEiig %}ed when inparting the chorus effect to

t he nmusi cal tone data by cefLReplaced - t I mparting portion shown in
FI G 34. Now, an e ﬂ l e p resent invention will be

described by referring to t

codes of the effect program read from the effect program memory
22. When the gate 50 is turned on, the integral data retained by
the latch circuit 49 is outputted to an adder 51 through the gate
50.

The adder 51 provides two input terminals. in which a first
input terminal receives the address data outputted from the
address register, while a second input terminal receives the
integral data supplied thereto by means of the gate 50. So, the
adder 51 adds the address data and the integral data together.. A
numeral 52 denotes an address counter which counts a number

g corresponding to the address of the delay RAM 48. A numeral 53
denotes an adder by which a result of the addition performed by
the adder 51 is added together with a count value given from the
address'counter 52. |

FIG. 12 is a block diagram showing a concrete example of the
circuit configuration of the address counter 52 and its
peripheral circuits. In FIG. 12, numerals 52; to 525 denote
address counters which respectively correspond to the sound
effects EF1 to EF5. Each of those address counters is designed
to count down a value of the address of the delay RAM 48 from the
last address to the first address in each of the storage areas
shown in FIG. 11. Herein, the value of the address 1s counted
down one by one in each DAC cycle. More specifically, the
address counter 52; counts down from address B-1 to address A in
connection with the storage area for the sound effect EF1l; the
address counter 525 counts down from address C-1 to address B in_
connéction with the storage area for the sound effect EF2; the

address counter 525 counts down from address D-1 to address C in
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connection with the storage area for the sound effect EF3; the

address counter 52, counts down from address E-1 to address D in
connection with the storage area for the sound effect EF4; and
the address counter 525 counts down from address F to address E.

A numeral 54 denotes a counter which is configured as
similar to the foregoing counter 39 shown in FIG. 9. More
specifically, the counter 54 counts the number of clocks ¢ g,
each of which has the predetermined period and is generated from
the clock generating circuit, so that the count value thereof 1is
changed from 0 to 255 within 1 DAC cycle. When the count value
reaches 255, the counter 54 outputs a carry-out signal CA, which
is supplied to each of the address counters 52; to 524 |
respectively corresponding to the sound effects EF1 to EF5.

Every time the carry-out signal CA is outputted from the
counter 54 by each DAC cycle, each of the address counters counts
down its count value by one. When the next carry-out signal CA
is outputted after the count values of the address counters 52,,
525, 523, 524 and 52g reépectively reach their last values A, B,
C, D and E, the count values are respectively returned to their
first values B-i, C-1, D-1, E-1 and F. Thereafter, every time
the carry-out signal CA is supplied, each of the address counters
counts down its value by one.

A numeral 55 denotes a decoder which receives an 8-bit count
value outputted from the counter 54. This decoder 55 decodes the
8-bit count value into the same decoded value as long as the 8-
bit count value belongs to a predetermined range. For example}

the decoder 55 outputs a first decoded value when the count value
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Fig; 1 is a block diagram showi ng a whole con- figuration of ectronic

nusi cal instrunment which em ploys a sound effect inparting ap sBeenReplaced
according to an enbodi nentof the present invention. In FIG 1, ”ﬂliuHm
denotes a central processing unit (i.e., CPU) which controls s

of circuit portions in the electronic nusical instrument. A nuneral
denotes a read-only nenory (i.e., ROM which stores several kinds of
control BRlRnREsta & Finstarensey bekweep P 1and 55; the decoder 55 outputs

a second decoded value when the count value belongs to a second
range between 56 and 111; the decoder 55 outputs a third decoded
value when the count value belongs_to a third range between 112
and 135; tﬁe decoder 55 outputs a fourth decoded value when the
count value belongs to a fourth range between 136 and 159; and
the decoder 55 outputs a fifth decoded value when the count value
belongs to a fifth'range between 160 and 255. In response to
each of the above-mentioned five decoded values, a selector 56
selects one of the count values respectively outputted from the
address counters 52; to 52g. _

More specifically, the selector 56 selectively outputs the
.count value Qf the add;ess counter 52; when the 8-bit count value.
outputted from the counter 54 belongs te the aforementioned first
range between 0 and 55. Similarly, the count value of the
address counter 52, is selectively outputted when the 8-bit count
value belongs to the second range between 56 and 111; the count
-value of the address counter 523 1s selectively outputted when
the 8-bit count value belongs toe the third range between 112 and
135; the count value of the address countef.524 is selectively
outputted when the 8-bit count value belengs to the fourth range
between 136 and 159; further, the count value of the address
counter 525 is selectively outputted when the 8-bit count value
belongs to the fifth range between 160 and 255. |

As described heretofore, the addresses ueed in the delay RAM
48 shown in FIG. 8 are generated from a delay address generating
portion 57 which is configured by the address register 47, latch
circuit 49, gate 50, adders 51, 53, and the address counter 52
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and al so stores several kinds of data to be used Ior the_cenLroI progr ans.
A nuneral 3 denotes a random ac- cess nenory (| , I n which a
tone-col or-data stor- ing area, a working buflﬁsfﬂheaﬁetﬂehellemawe are provided

This RAM 3 is coupled with a battery backup s even if the
power- i s down, the data can be retained. In- ailed
configurations of the ROM 2 and RAM 3 wi | | be escrl ater.

display unit (or visual display termnal) 4 em ponlng a liquid-crystal

di spl ayanQr ¢¢8 pertpRaPh® Sirdifts 54 to 56. In the present embodiment,
read/write operations for the musical tone data in the delay RAM
48 ere controlled by the control codes outputted from the effect
program memory 22. As a result, the musical tone data is written
into the delay RAM 48 at the address deeignated by the delay
address generating portion 57. This musical tone data is delayed
by a predetermined delay time, in other words, the sound effect
such as the reverberation effect 1s imparted to the musical tone
data. Thereafter, the delayed musical tone data is read out from
the designated address of the delay RAM 48.

In FIG..8. a numeral 58 denotes a selector having two input
terminals, in which a first input terminal "a" receives the
deléyed musical tone data outputted from the delay RAM 48, while
a second input terminal "b" receives the LFO data outputted from
the low-frequency oscillator 45. In response to the control
codes given frem the effect program memory 22, either one ef
1nbut data 1s selectively-outputted from the selector 658.

Incidentally. when the pitch modulation 1s effected to_the_
musical tone data, a decimal part of the LFO data (simply
referred to as decimal data) is supplied to the second input
terminal "b"™ of the selector 58. When the amplitude modulation
is effected to the musical tone data, the aforementioned integral
data is supplied. A switching between the decimal data and
integral data isfcontrolled by special data, representing the
kind of the modulation to be effected, included in the LFO data.

A numeral 59 denotes a temporary RAM. At the designated

write timing, output data of the selector 58 15 written into the
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ual Iy displaying the contents—of—data—gi-vear—f+romthe CPU 1 by neans of a

CPU bus 5 and a displ ay |nterface 6 Further, a nuneral 7 denotes a nouse
whi ch ts noved around by a BenRaﬂqcech person who performs the

el ectroni ¢ nusi cal |nstrunent) Ie by a de- sired distance in
a desired direction. .the es nouse data correspondlng to
the noving dis- tance and novi ng dlrectlon t hereof. The nouse data is
transferred to the CPU 1 through the CPU bus 5 and a nouse interface 8.

Thus, a tedipotard RAMRKEd 188 wWhetéi &ddress designated by the control

codes given from the effect program memory 22. At the designafed
read timing, the data temporarily stored is read from the
temporary RAM at its read address designated by the control codes
given from the effect program.memory 22.

FIG. 13 1s a block diagram showing the temporary RAM 59 and
its peripheral circuits in detail. The whole storage area of the
temporary RAM 59 1s divided into five areas respectively
corresponding to the sound effects EF1 to EF5. A counter 66 is
configured as similar to the foregoing counters 39 and 54 shown

- In FIGS. 9 and 12. More specifically, the counter 60 counts the
number of clocks ¢, each of which has the predetermined period
~and is generated by the clock generating circuit, so that the
count value thereof is changed from 0 to 255 within 1 DAC cycle.

A decoder 61 decodes an 8-bit count value outputted from the
counter 60 so as to produce 3-bit data. This 3-bit data is fixed
as long as the 8-bit count vélue belongs to a predetermined
range. More specifically, 3-bit data "000" is outputted when the
8-bit count value belongs to the first range between 0 and 55; 3-
bit data "001" is outputted when the 8-bit count value belongs to

" the second range between 56 and 111; 3-bit data "010" is
outputted when the 8-bit count value belongs to the third range
between 112 and 135; 3-bit data "011" is outputted when the 8-bit
count value belongs to the fourth range between 136 and 159; and
3-bit data "100" is outputted when the 8-bit count value belongs
to the fifth range betﬁeen 160 and 255. The 3-bit data outputted
from the decoder 61 is used as first three bits (or significant
three bits) of 7-bit address data supplied to the temporary RAM
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pl ay screen of the display unit 4 is noved in response to the noving
di stance and noving direction of the nouse 7.

This Sheet Has Been Replaced

(L

59.

In each of five areas of the temporary RAM 59 respectively
corresponding to the sound effects EF1 to EF5, the above-
mentioned 3-bit data outputted from the decoder 81 are ﬁritten
into the addresses corresponding to the firét three bits, while
the other addresses corresponding to remained four bits are
designated by a part of the control codes outputted from the
effect program memory 22 so that the output data of the selector
58 shown in FIG. 8 are written into those addresses in accordance
with a timing at which a write signal, represented by another
part of the control codes, is supplied to the temporary RAM 59.
On the other hand, in each area of the temporary RAM 59, the
first three bits representing the 3-bit data of the decoder 61
are read out from their addresses, while the remained four bits
are read out from the addresses designated by a part of the |
control codes outputted from the effect program memory 22 in
accordance with a timing at which a read signal, represented by
another part of the control codes, is supplied to the temporary
RAM 59. The above-mentioned read/write operations are performed
within 1 DAC cycle.

As similar to the aforementioned temporary RAM 59 and its
periphefal circuits, temporary RAMs 62 and 63 shown in FIG; 8 and
their peripheral circuits are configured; Incidentally, a part
of the musical tone data read from the temporary RAM 63 is
supplied to the foregoing input terminal "b" of the selector 28
shown in FIG. 8.

FIG. 14 shows an example of a storage map of the temporary
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£, a nuneral 9 denotes a tone-color switching unit
of switches corre- sponding to the tone colors of the

pIOVI is Sheet H %
pi ano, mll I“i and the |like. By operating the tone-color swtching
unit 9, u~ ile to select desired one of the tone colors. Data

representing an operatlng state of each of the switches is transferred to
the CPU 1 by neans of atone-

RAM 683. The temporary RAM 63 receives fourteen kinds of musical

tone data from a selector 76 (see FIG. 8). More specifically,
the temporary RAM 63 receives the mixed data EM1 inputted to the
“sound effect portion EF1, operation data EX1L and EX1R outputted
from the sound effect portion EF1, mixed data EM2 inputted to the
sound effect portion EF1l, operation data EX2L and EX2R, mixed
data EM3 inputted to the sound effect portion EF3, operation data
EX3 outputted from the sound effect portion EF3, mixed data EM4
inputted to the sound effect portion EF4, operation data EX4
outputted from the sound effect portion EF4, mixed data EMSL and
EM5R inputted to the sound effect portion EF5, operation data
EX5L and EXS5R outputted from the sound effect portion EF5, which
are shown in FIGS. 4 and 5(A) to 5(D). In this case, five kinds
of the 3-bit data outputted from the decoder 61 shown in FIG. 13,
i.e., "00OO", "001", "010", "011" and "100", are used as write
addresses for the first three bits in connection with the sbund
effects EF1 to EF5. Thus, the above-mentioned fourteen kinds of
musical tone data are sequentially stored in fourteen addresses

of the temporary RAM 63, respectively indicated by "OOHEX",

"01HEX" . nozHExn . nloHEXn . "11HEX" . anHEXn . "ZOHEX" . "21HEX" .
" SOHEX" ’ "31HEx" » "40HEX" » "41HEx" » "42H'Ex" and "43HEx" as shown
in FIG. 14.

In FIG. 8, latch circuits 64 and 65 are provided to
temporarily store the musical tone data which are respectively
read from the temporary RAMs 59 and 62 in accordance with the

- control codes contained in the effect prbgrams read from the
effect program memory 22. A numeral 66 denotes a selector having

five input terminals, in which a first input terminal "a"
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color switching interface 10 and the CPU bus 5. In addition, a —————
keyboard unit 11 consists of a plu- rality of keys. This keybO’Hﬁd?BhHé%thﬁeénRephced

provi des a nmecha- nismwhich detects key-depression/rel ease eve
curred in each of the keys so as to detect a key-depress- ing vgﬂygmm‘ﬁ”mml
a key-releasing velocity with respect to each of the keys. The

unit 11 produces signals representing the key-depression/rel ease events,

key- depressing velocity and key-rel easing velocity. A key- board interface

12 createecé&byes nflve nmis eyl rtaprec<iatai ogtputted from the latch circuit
65; a second inpﬁt terminal "b" receives the musical tone data
outputted from the latch circuit 64; a third input terminal "c"
recelves a data value "1"; a fourth input terminal "d" receives a
data value "0"; and a fifth input terminal "e" receives the
coefficient data outputted from the coefficient register 46. 1In
accordance with the control codes outputted from the effect
program memory 22, the selector 66 selectively outputs one of
five input data thereof.

A selector 67 has four input terminals, in which three input
terminals "a”, "b" and "c¢" respectively receive the'musical tone
data outputted from the temporary RAMs 63, 62 and 59, while a
remained input terminal "d" receives a data value "1". In
accordance with the control codes outputted from the effect
program memory 22, the selector 67 selectively outputs one of
four input data thereof. A multiplier 68 performs a
multiplicatibn on the output data of the selectors 66 and 67. A
selector 69 has four input terminals, in Which a first input
terminal "a" receives the musical tone data to be outputted.from
a delay circuit 74; a second input terminal "b" receives the
musiqal tone data outputted from the temporary RAM 62; a third
input terminal "c" recelves the musical tone data outputted from
the temporary RAM 59; and a fourth input terminal "d" receives a
data value "0". In accordance with the control codes outputted
from the effect program memory 22, the selector 69 selectively
outputs one of four input data thereof.

A numeral 70 denotes an exclusive-OR gate having two input
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the tone pitch, key-depressing velocity and the |like, on the basis of the
signal's given fromthe keyboard unit 11.. TIhisiSkeet HaaBesnReplacedn 1S transferred
to the CPU 1 through the CPU bus 5. ' meral 13 denotes
a sound source circuit providing a plurality Flm#ulmjﬂat i on channel s.
This sound source circuit 13 is controlled by nusica par anet ers,

representing tone color data and the like, which are supplied fromthe CPU
1 t hr ougferid@alshudnswhikh aofibustolnmut cterminall Tecelyesi $heddatah t hat

outputted from the selector 69, while a second input termingl -

receives the control éodes outputted from the effect program
memory 22. A numeral 71 denotes an adder having three input
terminals, in which a first input terminal receives an output of
the multiplier 68; a second input terminal reéeives an output of
the exclusive-OR gate 70; and a carry terminal, represented by
"C1", receives the contfol codes which are identical to the
control codes supplied to the second input terminal of the
exclusive-OR gate 70. The exclusive-OR gate 70 and the adder 71
are assembled together to form an addition/subtraction cifcuit 72
which performs an addition or a subtraction on the output data of
the selector 69 and multiplier 68 in response to the control.
codes. |

A numeral 73 denotes a shifter which shifts the bit
bositions of the output data of the addition/subtraction circuit
72 by predetermined number of bits in response to the control
codés outputted from the effect program memory 22. The delay
circuit 74 delays an output of the shifter 73 by a predetermined
delay time. A delayed output of the delay circuit 74 is
delivered to a latch circuit 75 as well as the temporary RAM 62,
the input terminai "a" of the selector 69 and the input terminal

- "b" of the selector 76.

The above-mentioned circuit elements 64 to 74 configure a
sound-effect computation circuit ECC. Thus, the 1nput.data is
eventually delayed by a delay time corresponding to four clocks
$# o in the sound-effect computation circuit ECC. In other words,

the sound-effect computation circuit ECC has an opefation time
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it is capable of simultaneousl'y producing = pturality of nusical tone data
responsive to the nusical tone p -.ﬁ%meters. If one nusical note is sounded

by use of the piano sound and gui ﬁm“ "‘ido_ne-generation channel s
i ndependent |y output two nusi cal HE%N ively representing the
pi ano sound and guitar sound. , a nuneral 14 denotes a
sound ef- fect inparting apparatus which is designed to inpart a
plurality of sound effects such as the chorus effect and

corresponding to four clocks ¢ .

In respénse to the control codes outputted from the effect
program memory 22, the'latéh circuit 75 temporarily retains the
output data of the delay circuit 74, which is then outputted to
the delay RAM 48. The selector 76 has two input terminals, in
which a first input terminal "a" receives the musical tone data
outputted from the delay circuit 32 provided in the mixer 18
shown in FIG. 6, while a second input terminal "b" receives the
output data of the delay circuit 74. In response to the control
codes given from the effect program memory. 22, the selector 76
selectively outputs one of two input data thereof.

FIG. 15 is a block'diagram showing a detailed configuration
of the address producing portion 23 connected with the effect
program memory 22. In FIG. 15, a numeral 77 denotes a head |
address register which is configured as shown in FIG. 16. The
head address register 77 receives and stores the head addresses,
respectively corresponding to the sound effects EF1 to EF5, which
are transferred thereto from the CPU 1 through the CPU bus 5. At
those head addresses of the effect program memory 22, the effect
programs corresponding to the sound effects EF1 to EF5 designated
by'the'performer are respectively stored. Those head addresses
are temporarily stored in areas 77a to T7e of the head address
register 77. .

In the present embodiment, the effect program memory 22 is
designed to store the effect programs respectively corresponding

to eleven kinds of sound effects as shown in FIG. 17(b). The

head addresses (see FIG. 17(a)) respectively corresponding to the
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reverberatlon effect to a plurallty of nusical tone data
This Sheet Has Been Rep

[

effect programs are stored in a head address read-only memory

(i.e., head address ROM) 78 in advance. Incidentally, each of
the head addresses respectively stored in the areas of the head
address ROM 78 ié represented By an effect number identifying
each of the sound effects. For example, the head address ROM 78
forms a part of the ROM 2 shown in FiG. 1.

Therefore, when the performer uses the mouse 7 to select the
chorus effect as the sound effect EF1, the CPU 1 reads out the
"head address for the chorus effect from the head address ROM 78
in response to the effect number corresponding to the chorus

~ effect; .and then, the head address is transferred to the sound
effect imparting apparatus 14 through the CPU bus 5, so that the
head address is temporarily stored in the area 77a of the head
address register 77.

Meanwhile, a numeral 79 shown in FIG. 15 denotes a counter
which counts the. number of clocks ¢ o+ generated from the clock
generating circuit, within 1 DAC cycle, so that its count value
is changed from 0 to 255. A decoder 80 receives an 8-bit count
value from the counter 79. The decoder 80 is designed to output
the same decoded value as long as the 8-bit count value belongs
to a predetermined range. More specifically, a first decoded
value "sa" is outputted when the count value belongs to a first
range between 0 and $5§ a second decoded value "sb" is outputted
when the count value belongs to a second range between 56 and
111; a third decoded value "sc" is outputted when the count value
belongs to a third range between 112 and 135; a fourth decoded
value "sd" is outputted when the count value belongs to a fourth

range between 136 and 159; and a fifth decoded value "se" is
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outputted fromthe sound source circuit 13. An input ter- mnal unit 15
pr ovi BhisSheenBasiBagnReplh@g M nal s, t hrough which several kinds of nusical tone
Si gnalﬁﬂ n external device (not shown) can be entered. An an-
al og-t erter (i.e., A/D converter) 16 con- verts the anal og
ext ernal - misicar - e signals, given fromthe external device through the
I nput termnal unit 15, into digital external-nusical-tone data, which is

~sup- plied to the sound effect inparting apparatu Fur- t
“sound sQutentted when; the copnft (%lue, b REBt3' & etfen thigd FEORG °

160 and 255. Those values "sa" to "se" are respectively supplied

to select terminals "SA" to "SE" of a selector 81, while they are
also supplied to address input terminals "SA" to "SE" of a ROM
82. '

The selector 81 has five input terminals "A" to "E" which
respectively receive five head addresses outputted from the head
address register 77. When the decoded value "sa" 1s supplied to
the select terminal "SA", the selector 81 selectively outputs the
head address corresponding to the éound effect EF1. Similarly,
the head address corresponding to the sound effect EF2 is
selectively outputted when the decoded value "sb" 1is supplied to
the select terminal "SB"; the head address corresponding to the
sound effect EF3 is outputted when the decoded value "sc" is
supplied to the select terminal "SC"; the head address
corresponding to the sound effect EF4 is .outputted when the
decoded value "sd" is supplied to the select terminal SD; and the
head address corresponding to the sound effect EF5 is outputted
when the decoded value "se" 1s.supp11ed to the select terminal
SE.

When the decoded value "sa" is supplied to the address input
terminal ‘SA, a data value "0" is outputted from.the ROM 82.
Similarly, a data value "568" is outputted when the decoded value
"sb" is supplied to the address input terminal SB; a data value
"112".is outputted when the decoded value "sc" is supplied to the -
address input terminal SC; a data-value *138" 1s outputted when

‘the decoded value "sd" is supplied to the address input terminal
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| og converter (i.e., D/A converter) which converts the digital nusical tone
data, outputted fromthe sound ef- fect inparting apparatus 14%hisiShécoHisBRen Replaced
anal og nusical tone signals. In the sound system 17, a predeter
filtering process and a noi se elimnatingprocess are car- ried ﬁH"l"ml ' ,",
anal og nusical tone signals; and then, the nusical tone signals are
anplified. Thus, speakers connected with the sound system 17 w || _ produce

t he cor spspand agdatai valueoht80” is outputted when the decoded value

"se" is supplied to the address input terminal SE. In the
meantime, a numeral 83 denotes a subtracter having two input
terminals, in which an input terminal "A" receives the count
value outputted from the counter 79, while another 1ﬁput terminal
"B" receives an output value of the ROM 82. Thus, the subtracter
83 subtracts the output value_of the ROM 82 from_the count value
of the counter 79.' _

An adder 84 has two input terminais, in which an input
terminal "A" receives the head address éorresponding to each of
the sound effects EF1 to EF5, while another input terminal "B" _
receives an output of the subtracter 83. Thus, the adder 84 adds
those ﬁalues together. A delay circuit 85 delays an output of
the adder 84 by a predetermined delay time, so that a delayed
outpﬁt thereof is supplied to the effect program memory 22.

_ Thus, the effect programs corresponding to five sound
effects EF1 to EF5 are sequentiaily read from their head
addresses of the effect program memory 22 within 1 DAC cycle.
Incidentally, if the performer repeatedly selects the same sound
effect by plural times, the same effect program would be
repeatedly read out by plural times within 1 DAC cycle.

[C] Operations of Sound Effect Imparting Apparatus

Next, operations of the CPU 1 will be described in détail by
referring to flowcharts shown in FIGS. 18, 19 and 20.
| When the power 1s applied to the electronic musical
instrument shown in FIG. 1, the CPU 1 accesses to a main routine
shown in FIG. 18, in which the processing thereof proceeds to a

first step SAl1. In step SAl, an initialization is performed so
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[B] Detailed Configuration of Sound Effect I|nparting Apparatus
FIG 2 is abl ockdi agram showi ng a concept ual conflggkg$&9ﬁugke cegund

effect inparting apparatus 14. In FIG 2, a mixer t one
data out- putted fromthe sound source circuit 13 shﬂlﬂﬂﬂl“ m s wel |
as the external nusical tone data, outputted fromth 16, and
a plurality of nusi cal tone data outputted from an sound-effect operation

portlon 19.
‘as to initialize several portions of the instrument. In the

initialization process, values stored in the registers provided
in the RAM 3 are reset to zero, while initial values are set to
the peripheral circuits as their vériables. After completing the
initialization process, the processing of the .CPU 1 proceeds to
step SAZ2Z.

In step SA2, the CPU 1 judges whether or not any change for
the tbne color is designated by the performer. When the
performer operates one of the tone color switches 8 shown in FIG.
1, the data corresponding to the operated switch is transferred
to the CPU 1 through the switch interface 10 and the CPU bus 5.
Thus, the CPU 1 can perform the above-mentioned Judging process
by detecting whether or not the data corresponding to the tone
color switch operated by the performef is supplied thereto. If a
result of the judgement in step SA2 is "YES", the.processing

..proceeds to step SA3.

In step SA3, a tone-color 6hang1ng process is performed.
According to this tone-color changing process, the tone color
data is transferred to the sound source circuit 13, while each of
the effect parameters, corresponding to the sound effects EF1l to
EF5, which are changed responsive to a change of the tone color
is transferred to the sound effect imparting apparatus 14, for
example. ‘The details of the tone-color_changing process will be
"described later. When completing the tone-color changing
process, the processing proceeds to step SA4.

When the result of the judgement in step SA2 is "NO",

indicating that the performer does not change the tone color, the
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Herein, the nusical tone data is given as serial data, whiereas the maxi num
number of the nusical tone data outputt egpf SHIPH SRR ﬂg source circuit 13

is set at four, and the nunber of the ext one data (glven as
t he serial data) outputted fromthe A/ID c ma Ilm »ﬁnl

processing jumps to step SA4.

In step SA4, a mouse process is performed. According to the
mouse process, the sound effect, designated by the performer,
which is used as each of the sound effects EF1 to EF5S is changed
in response to an operation of the mouse 7, and the effect
parameters which are used for the sound effects EF1 to EF5 are
also changed in response to the operations of the ﬁouse 7. The
details of the mouse process will be déscribed later. - When
completing the mouse process, the processing proceeds to step
SAS.

-In step SA5, the CPU 1 judges whether or not a key-
depression event is occurred in the keyboard unit 11. If a
result qf the judgement is "YES", the processing proceeds to step
SA6.

-Ih step SA6, a tone-generation channel assigning process is
carried out at first. Herein, it is detected whether or not any
one of the tone-generation channels provided in the sound source
circuit 13 is an idle channel (which is not occupied in
generating the musical tones). If there exit plural idle
channels, any one of them 1s selected as a new tone-generation
channel. On the other hand, when all of the channels are
occupied in generating the musical tones so that no channel is
idling, a certain channel in which An amplitude level of an
envelope waveform is the lowest among all of the channels is
selected as an idle channel. 1In this case, a truncate process is

- performed on that channel at first, and then, the channel is set
as the idle channel. |

After detecting or selecting the idle channel in accordance
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-10- is set at two. The sound-effect operation portion 19 per- forms
arithretic operati ongis émd{ag)geehgqﬂ&&i operations) on the input data thereof

SO as to output the ta to which several kinds of sound
ef fects have been I%EMM[E basis of m xing information given froma
m xi ng information s 0, the m xer 18 se- -
with the aforementioned tone-generation channel assigning
process, a keycode, touch data and a key-on signal regarding the
key-depression event are transferred to the idle channel. Then,
the processing proceeds to step SAT7.

In step SA7, it is detected whethér or not a key-release
event 1s occurred in the keyboard unit 11. If a result of the
Judgement in step SA7 is "YES", the processing proceeds to step
SAS.

In step SA8, the CPU 1 searches the tone-generation channel
which corresponds to the keycode of the key released; and then,

- it is judged whether or not the tone-generation channel is now
occupied in generating the musical tones. If so, a key-release
process 1is carried out so that a key-off signal 1s transferred to
the tone-generation channel so as to mute its musical tones.
Then, the processing proceeds to étep SA9.

On the other hand, when the result of the judgement in step
SA7 is "NO", indicating that no key-release event is occurred in
the keyboard unit 11, the processing jumps to step SA9.

In steﬁ SA9, ﬁredetermined processes other than the
aforementioned processes are performed, Thereafter, the
processing returns back to fhe aforementioned step SA2. Thus,
until the power supply is stopped, the above-mentioned processes
of steps SA2 to SA9 are repeatedly performed.

Next, the tone-color changing process to be performed by the
CPU 1 will be described in detail by referring to a flowchart
shown in FIG. 19.

When the processing of the CPU 1 reaches step SA3 in FIG.
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t 0get hehis Sheet Has Been ile, the sound-effect operation portion 19
receives mu ||I||H effect progranms f roma effect program nmenory 22,
wherein t ograns are carried out to inpart the sound effects
to the musical tone data. Wthin one sanpling period (hereinafter, re-

ferred to as 1 DAC cycle). of the D/ A converter ui pped in the spund system
17 shomﬂspnaFFB“tinetﬂg %Bﬁnﬁp¥ﬁ7?9ﬁ°§nﬁnggﬁBﬁ Bg ggﬁ a8 fERYwah

effect h5095? ggtiga%ed. At first, the processing proceeds to step SBl.

| ects sone of the éis C tane data supplied thereto so as to m x them

Herein, the CPU 1 searches the tone color data corresponding to a
tone color number (i.e., a serial number applied to each of the
tone colors preset in the system) which is designated by
oﬁerating the tone color switch 9 by the performer:.and then, the
tone color data 1s read out from a tone-color-data area 86a of a
tone color memofy 86 shown in FIG. 20. The tone color data read
from the tone color memory 86 is transferred to the sound source
circuit 13. Thereafter.'fhe processing proceeds to step SB2.

The above-mentioned tone color memory 86 forms a part of the
RAM 3, and such tone color memory 1s provided for each of the
tone colors. The whole storage area of fhe tone color memory 86
is divided into seven areas, i.e., the tone-color-data area 86a,
a data area 86b for EF1l, a data area 86c for EF2, a data area 86d
for EF3, a data area 88e for EF4, a data area 86f for EF5 and an
output-data area 86g. The toﬁeﬂcolor-data area 86a stores the
tone color_data and the other data representing the name of the
tone color and the like, all of which are transferred to the
sound source circuit 13.

In the present embodiment, one musical tone is formed by
synthesizing plural sounds. Because, the present embodiment is
designed such that plural sounds (e.g., maximum four sounds) can
be simultaneously produced in connection with one key-depression

" event. In this case, the tone-color-data area 86a stores all of
the tone color data each of which is used to produce each of the
sounds forming one musical tone. |

Each of the data areas 88b to 88f has the same
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time-division manner on a plurality of nusical tone data n1xed t oget her by —
tHe m xer 18 on the basis of effect paraneters given from an ébﬁem£UhsB

parameter supply por- tion 21. The above-nentioned five kinds it i placed
fects are respectively denoted by nunerals EF1 to EF5. M’ H"I
of the sound effects EF1l, EF2 and EF5, the sound-effect operat|

19 produces one wet nusical tone data with respect to each of left and

right channels. Herein, the termwet nusical tone data represents the
nmusi cal Qqnﬁignngttqnuwuwhenﬁﬁgre, each data area stores six kinds of

dgta, i.e., an effect number representing the sound effect
selected by the performer, switch data representing on/off states
of the gate 30 (see FIG. 68), multiplication coefficient data
representing the multiplication coefficients of the multiﬂlier
portion 29 (see FIG. 6)'prov1ded in the mixer 18, LFO data,
coefficient data, and address data consisting of the effect
parameters. | |

Moreover, the output-data area 86g stores multiplication
coefficient data and switch data corresponding to the
aforementioned output-stage mixing portions MIXO07 and MIXO08
respectively shown in FIGS. 5(E) and 5(F). Incidentally, all of
the data stored in the data areas 86b to 86f, respectively
provided for the sound effects EF1 to EFS5, and the data stored in
the output-data area 86g can be changed in accérdance with the
mouse process, the details of which will be described later.

In step SB2, the effect number is read from the data area
86b for EF1 provided in the tone color memory 86 shown in FIG.
20; the head address corresponding to the effect program
designated by the read effect number is read from the head
-address ROM 78 shown in FIG. 17(a): and then, the head address is
written into the area 77a of the head address register 77 (see
FIG. 16) provided in the address producing portion 23. After
completing the process of step SB2, the processing proceeds to
step SB3. |

In step SB3, fhe same process of step SB2 is performed with

respect to the other sound effects EF2 to EF5. More
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sound effect has been already inparted. Now, operation data EXIL for a
| ef t - channel sound effect EF1L and op- eration d 15,8 Besn Replaced
ri ght -channel sound effect EF1R are produced with - sound
effect EF1l; operation data EX2L for a | eft-channel EF2L and
operation data EX2R for a right-channel sound effect EF2R are produced wth
respect to the sound effect EF2; operation data EX5L for a |left-channel
sound especifirallyndthechead nddrassesxorrrespendipg: tockhaneffagking ef f ect

" EF5R are produced w th respect,
nugbers stored in the data areas 86c to 88f are read from the

head address ROM 78 (see FIG. 17(#)): and then, those head
addresses are respectively written into the areas 77b to 77e in
the head address register 77 shown in FIG. 16. Then, the
processing proceeds to stép SB4. .

In step SB4, the switch data, multiplication coefficient
data, LFO data, coefficient data and address data are read from
the data area 86b for EF1l; and theq. those data are respectively
transferred on the CPU bus 5 to the switch registeg 35, volume
register 37, LFO.register 44, coefficient register 46 and address
register 47 shown in FIG. 8. Thereafter, the processing proceeds
to step SBS.

In step SBS, the same process of steﬁ SB4 is performed with
respect to the other sound effects EF2 to EF5. More .
specifically, the switch data, multiplication coefficient data,
LFO data, coefficient data and address dgta are read from the
respective data areas 86c to 86f which are provided for the sound
effects EF2 to EF5 respectively; and then, those data are
transferred to the registers 35, 37, 44, 46 and 47. Thereafter,
the processing proceeds to step SB6. |

In step SBé,'the switch data and multiplication coefficient
data are read from fhe output-data area 86g; and then, they are
_resﬁectively transferred to the registers 35 ahd 37 shown in FIG.
8. Thereafter, the processing of the CPU 1 returns back to the
foregoing main'routihe shown in FIG. 18; and then, the processing
proceeds to step SA4.

Next, the mouse process to be performed by the CPU 1 will be
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to the sound effect EF5 On t he ot her hand, onVy'Oné
This Sheet Has Been Rep

described in detail by referring to the flowchart shown in FIG.

21.
When the processing of the CPU 1 reaches step SA4 shown in
F1IG. 18, a routine of the mouse process as shown in FIG. 21 1is
-started. At first, the processing proceeds to step SC1, in which
.a display process 1s performed. Accordihg to the display
process, a displayed image which is displayed on the display
screen of the display unit 4 is controlled. FIG. 22 shows an
example of the displayed image, wherein a numeral 4a denotes a
, display area which 1s displayed on the display screen at its
lower portion; a numeral 4b denotes a cursor whose position is
controlled by the mouse 7; and a numeral 4c denotes a display
area which is displayed on the display screen at 1ts upper
:portion. For instance, when the performer operates the mouse 7
to move the cﬁrsor 4b and place it on a icon "EF1" in the display
area 4a, and then, the performer clicks the mouse button, the CPU
1 reads out video information, regarding the pre-stage mixing
portion MIXI1, the sound effect portion EF1 ahd the post-stage
mixing portion MIX0l1 (see FIG. 4), from an image-information area
87a (see FIG. 28) provided in the ROM 2, wherein this image-
information area 87a is provided for sforlng image information
(or graphic information) regarding the sound effect ﬁFl.
Further, the effect number, switch data, multiplication
coefficient data, coefficient data and address data are read from'
_ the data area 86b provided in the tone color memory 86, so that a
predetermined graphic pattern as shown in FIG. 22 is displayed at

the display area 4c.
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channel is preset for each of the sound effegts EF3 and EF4, so that the

sdund- éf f ect operation porti P $%one wet nusical tone data
correspondi ng to one channel l Hﬂ o each of the sound effects EF3
and EF4. More specifically, o - EX3 is pro- duced with respect

to the sound effect EF3, while oper- ation data EX4 is produced with
respect to the sound effect EF4. Thus, the sound-effect operation portion

19 produces She aboye—deatiopned imggefinformaiiamirephesensts a part of

the whole graphic image corresponding to the pre-stage mixing

portion MIXI1l, the sound effect portion EF1 and the post-stage
mixing portion MIXO1l. In other words, the image information
merely represents a part of the whole graphic image which can be
fixedly displayed on the display screen. The other parts are
displayed on the basis of the data read frdm the data area 86b
provided for the sound effect EF1. As the other parts displayed
on the display screen, there are provided a numeric value which
1s displayed on the right of each multiplier (i.e., MLT, MLT1-
MLT4, see FIG. 4), an on/off state of each switch and an enhanced
portion on the icon "EF1" (indicating that the sound effect EF1
is now selected), for example.

In FIG. 22, a numeric value "10" (representing the .
multiplication coefficient "1") is only set for the multiplier
MLT, corresponding to the input data ID1 among.fourteen kinds of
musical tone data, in the pre-stage mixing portion MIX1. Thus,
only the input data ID1 is multiplied by the multiplication
coefficient "1" in the multiplier MLT, the output of which is
transmitted to the sound effect portion EF1l as the mixed data
EMl. In the sound effect portion EF1l, a chorus effect is
imparted-to the mixed data EMl. resulting that the aforementioned
operation data EX1L and EX1R are produced. Those operation data
EX1L and EX1R are supplied to the multipliers MLT2 and MLTS each
having a numeric value "5" (represenfing a multiplication

| coefficienf "0.5"). Thus, the operation data EX1L and EX1R are
multiplied by the same multiplication coefficient "0.5" in the

multipliers MLT2 and MLT3, the outputs of which are respectively
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ta corresponding to & ght channels in total. _ The effect_pfogram
menory 22 stores the efskRetiuRBagmapEesorresponding to a plurality of

sound ef- fects. Accordi Rlial perations applied to the nouse 7, a
s_Oun_d-effect desi gnati ng ma‘mmlmﬂﬂvﬁes ignate five sound effects
within a plurality of so ich have been preset in the effect
P Perated To cach of the off ect brogr ams. S0 ths’ sound. o1 1 oct  des| anat | ng
Lgrifgﬁgggpigﬁsdg?eg¥e adders ADDI an ADD2. Then, the adder ADD1 adds
together the left-channel components with respect to the mixed
data EM1 and the operation data EX1L, while the adder ADD2 adds
together the right-channel components with respect to the mixed
data EM1 and the operation data EX1R. As a result, the output
data E10L is obtained from the adder ADD1, while the output data
E10R is obtained from the adder ADD2.

Similarly, when the performer operates the mouse 7 to
correspondingly move the cursor 4b and place it on each of other
icons "EF2", "EF3", "EF4", "EF5" and "OUTPUT", the CPU 1 reads
out the corresponding image information from each of image-
information areas 87b, 87c, 87d, 87e and 87f provided in the ROM
2. In this case, the image information for the icon "EF2"
represents the pre-stage mixing portion MIXI2, sound effect
portion EF2 and post-stage mixing portion MIX02; the image
information for the icon "EF3" represents the pre-stage mixing
portion MIXI3, sound effect portion EF3 and post-stage mixing
portion MIX03;'the image information for the icon "EF4"
represents the pre-stage mixing portion MIXI4, sound effect
portion EF4 and post-stage mixing portion MIX04; the image
information for the icon "EF5" represents the pre-stage mixing
portions MIXIS and MIXI6, sound effect portion EF5 and post-stage
mixing portion MIX05; and the image information for the icon
"OUTPUT" represents other portions regarding the output
operation. Moreover, the effect number, switch data,

multiplication coefficient data, coefficient data and address

data are read from each of the data areas 86c, 86d, 86e and 86T,
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t he head address i 0 th each effect pro- gramto be designated.

Therefore, five hgﬂs S REe X+ ?#esponding to five sound effects

desi gnated by the g E lﬂﬂ signating portion 24 are transferred to an
addr ess produci ng the basis of each head address given from

t he sound-effect designating portion 24, the address producing portion 23

Sound oPRLLe HEE, SREEOR s g, il iba Trhr PpRCRRRTFEEIGRE Mk itk cosce i's

repeat egdlyqCaFoh eth@Wutput-data area 86g provided in the tone color
memory 86 shown in FIG. 20. Then, the corresponding graphic
pattern is displayed at the display area 4c on the display screen
of the dispiay unit 4 as shown in each of FIGS. 23 to 27.

As shown in FIGS. 22 and 23, only seven kinds of sound
effects containing the chorus effect (represented by "CHORUS")
and a phaser effect (represented by "PHASER") can be selected for
the sound effects EF1 and EF2 within eleven kinds 6f sound
effects represented by the effect programs stored in the effect
program memory 22 as shown in FIG. 17(b).

As shown in FIGS. 24 and 25, only three kinds of sound
effects contalning a distortion-with-equalizer effect
(represented by "DIST+EQ") and a delay effect (represented by
"DELAY") can be selected for the sound effects EF3 and EF4 within
the eleven kinds of sound effects preset to the effect program
memory 22. '

Further, as shown in FIG. 26, only the reverberafion effect
(represented by "REVERB") can be selected for the sound effect
'EF5 within the eleven kinds of sound effects preset to the effect
program memory 22. |

As described above, a limited number of sound effects within
the eleven kinds of sound effects preset to the effect program
mémory 22 can be selected for each_of the sound effects EF1 to
EF5. This is because the size of the effect program applied to
each of the sound effeéts EF1 to EF5 1is fixed in the present
embodiment. |

Meanwhile, when the performer operates the mouse 7 to
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w,th respect to each of five head addresses within 1 DAC cycle. Thus,

durln eplaged; g possible to produce all of the read addresses for
five ef corresponding to five sound effects designated. In
accord ad addresses given fromthe address producing portion

five effect: prograns are sequentially read fromthe effect program
nennry 22;

correspondingly move the cursor and place it on an icon "LINE
CONNECTION", and then, the performer clicks the mouse button, the
CPU 1 reads out image information regarding the line connection
from a line-connection-image-information area 87g (see FIG. 28)
provided in the ROM 2. Further, the CPU 1 reads out the other
data from the tone color memofy 86 shown in FIG. 20, i.e., the
name of the tone color from the tone-color-data area 86a, a pair
of the effect number and switch data from each of the data areas
86b to 86f'and the switch.datg from the output-data area 86g. On

: the basis of the above-mentioned data, a graphic image as shown
in FIG. 22 is displayed at the display area 4c on the display
screen of the display unit 4.

- After completiﬁg the display process as described
herétofore. the processing of the CPU.1 proceeds to step SC2.
shown in FIG. 21. |

In step SC2, a mixing-information changing process is
carried out. In the mixing-information changing process, the
mixing information containing the switch data and multiplication
coefficient data is changed, so that an image corresponding to
the mixing information changed is dispiayed by the display unit
4. For example, in order to impart the sound effect EF1 to the
input data ID1 which is outputted from the sound source circuit
13 and then supplied to the mixer 18 of the sound effect
imparting apparatus 14, the performer operates the mouse 7 to
correspondingly move the cursor and place it on a pictorial
display area 4cl provided on the display screen (see FIG. 22),

and then, the performer clicks the mouse button. In this case,
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- 12 - and then, those effect programs are supplied to the sound-effect
oper at’i on portion 19. An exanpl e of operating timngs of the
sound- effect operation portion 19 is shown by FIG 3(b). Mre

the CPU 1 rewrites the switch data, corresponding to the abové
pictorial display area 4cl, which is storedlin the data area 86b
of the tone color memory 86 shown in FIG. 20, while the CPU 1
also changes the image of the pictorial disblay area 4cl.
Further, the switch data rewritten by the CPU 1 is transferred to
the sound-effect operation portion 19 (see FIG. 19), so that the
switch data is written at its corresponding address in the switch
register 35'prov1ded in the mixing information supply portion 20.
In the above-mentioned case, the switch data, which is
stored in the data area 86b of the tone color memory 86 and which
also corresponds to the input data ID1 supplied to the gate
cifcuit GT provided in the pre-stage mixing portion MIXI1 (see
FIG. 4), is changed from a switch-off state to a switch-on state.
Thus, a switch-off image which is displayed at the pictorial
display area 4cl is changed to a switch-on image. Further, a
numeric value corresponding to the multiplication coefficient of
the multiplier MLT, corresponding to the input data ID1..prov1ded
in the pre-stage mixing portion MIXI1 is displayed at a numeric
display area 4c2 which is arranged on the left of the pictorial
display area 4cl in the display screen of the display unit 4.
Thgn, the changed switch data is transferred to the sound-effect
operation portion 19 (see FIG. 8), So that it is written at its
corresponding address in the switch register 35 under operations
of the aforementioned circuit elements 39 to 42 shown in FIG. 9.
When increasing the multiplication coefficient of the
multiplier MLT, corresponding to the input data ID1, provided in
the pre-stage mixing portioh MIXI1 by one, the performer operates

- the mouse 7 so as to correspondingly move the cursor and place it
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precisely, each of those operating timngs designates an input timng at
whi ch the effect programis inputted into the sound-effect operation
portion 19. The details of those timngs will be described later. In the
present em bodinent, 1 DAC cycle is constructed by two hundreds and fifty
si x operational steps, which are respectively designated by operational
step O to operational step 255. Incidentally, one operational step

CorY eSBR ERREIDRE MK 17 SR BpArSBFuEaA nFal ucl, Wil o1 et
then, the performer clicks the mouse button once. Thus, the CPU
1 increments the multiplication coefficient data, stored in the
data area 86b of the tone color memory 86 (see FIG. 20), by "1",
so that a numeric value displayed is correspondingly increased by
"1". Further, the multiplication coefficient data incremented by
the CPU 1 is transferred to the sound-effect operation portion 19
(see FIG. 8);'so that 1t is written at its corresponding address
in the volume register 37 provided in the mixing information
supply portion 20.

In contrast, when decreasing the multiplication coefficient
of the multiplier MLT, corresponding to the input data ID1
regarding the sound effect EF1, provided in the pre-stage mixing
portion MIXI1l by one, the performer operates the mouse 7 to
correspondingly move.the cursor 4b and place it on a left-half
portion of the numeric display area 4c2, and then, the performef
clicks the mouse button once.

In the present embodiment, each of numeric values "0" to
"10" can be éelectéd as the multiplication coefficient of the
multiplier MLT. Thus, in order to obtain the desired

‘ multiplication coefficient, the performer'operates the mouse 7 to
correspondingly move the cursor 4b and place it on the right-half
portion or left-half portion 6f the numeric display area 4c¢2 on
the display screen of the display unit 4, and then, the performer
clicks the mouse button by plural times.

In the meantime, the performer can select a series of

operations in which the input data ID1 and ID2 outputted from the
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effect operation portion 19 is designed to deal with five sound effects EF1
t'o EF5 within 1 DAC cycle. Inciden- tally, the size of the program
corresponding to each of five sound effects EF1 to EF5 is fixed. Mre
specifically, fifty six operational steps are carried out with respect to
the sound effect EFl; fifty six operational steps are car- ried out with
respect to the sound effect EF2; twenty four operational steps are carried:

out wi t sound prouree circwldudd arecmixedstogethes 3o (Fheo pdxeri 384l apdeps are

- h e t o _the sound ect EF4; and ne
car -rlgﬁggyttﬁgtsoéf?F)é¥e 1l is applfeé to the mixedlaata.%n the

sound effect imparting apparatus 14. Such operations can be
changed to another series of operations in which the sound effect
EF1 is mearted to the input data ID1 only. In this case, the |
performer operates the mouse 7 to move the cursor 4b and place it
on the pictorial display area corresponding to the input data ID2
shown in FIG. 22, and then, the performer clicks the mouse
button. Thus, under the operations of the CPU 1, the switch
data, which is stored in the data area 86b of the tone color’

- memory 86 (see FIG. 20) and which also corresponds to the input
data ID2 supplied to the gate circuit GT of the pre-stage mixing
portion MIXI1, is changed from.a switch-on state to a switch-off
state; and consequently, a switch-on image of the pictorial
display area 1s changed to a switch-off image, whiie erasing a
numeric value which is displayed at the numeric display afea as
the multiplication coefficient of.the multiplier MLT,
corresponding to the input data ID2, provided in the pre-stage
mixing portion MIXI1l. Then, the switch data changed by the CPU 1
is transferred to the sound-effect.operation portion 19 as shown
in FIG. 8. Thus, the switch data changed 1s written at its
corresponding address in the switch register 35 under the
operations of the circuit elements 39 to 42 shown in FIG. 9.

‘Incidentally, the operations similar to the above-mentioned
operations regarding the sound effect EF1 are also performed with
respect to each of the other sound effects EF2 to EF5; hence, the
detailed description thereof will be omitted.

When completing the mixing-information changing process as
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six.operational steps are carried out with respect to the sound effect EF5
As shown in FIG 3(b), a data processing for the sound effect EFl is
carried out by operational step O to operational step 55; a data
processingfor the sound effect EF2 is carried out by operational step 56 to
oper- ational step 111; a data processing for the sound effect EF3 is
carried out by operational step 112 to operational step 135; a data

Fgogngégggﬁg#eéte Sé%%%%ﬁgj 15 %ﬁgchgsigérbﬁdt C&y f“%?éﬁéé) step ;36
step SC3 shown in FIG. 21.

In step SC3, the CPU 1 performs a sound-effect changing
process, by which the kind of the sound effect to be employed as
each of the sound effects EF1 to EF5 is changed so that the
changed sound effect is displayed by the display unit 4.
According to the sound-effect changing process, it is possible to
change the kind of the sound effect EF1 from the chorus effect
(represented by "CHORUS" in FIG. 22) to a flange-1 effect
(represented by "FLANGE1"), for example. In this case, the
pefformer operates the mouse 7 to move the cursor 4b and plﬁce it
on an icon "2. FLANGEl" displayed at the sound-effect display
area 4c3 (see FIG. 22) on the display screen of the display unit
4, and then; the performer clicks the mouse button once. Thus,
the CPU 1 writes the effect number for the flange-1 effect,
representing the changed sound effect, into the data area 86b of
the tone color memory 86 shown in FIG. 20. By use of the effect
number, the CPU 1 refers to the head address ROM (see FIG. 17(a))
so as to read out the corresponding héad address. This head
address 1s transferred to the sound effect imparting apparatus
14, in which it is written into the area 77a of the head address
register 77 (see FIG. 18) provided in the address producing
portion 23. |

Moreover, the CPU 1 accesses to an area 88b of a fundamental
data ROM 88 (see FiG. 30) which forms a part of the ROM 2. This
area 88b is provided for the flange-1 effect, and it stores

fundamental data (i.e., default values) 6f the LFO data,
. -
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159; and a data processing for the sound effect EF5 is carried out by
oberafiqnal step.160 to operational step - 13-

coefficlent data and address data in connection with the flange-i
effect. Those fundamental data read from the area 88b of the
fundamental data ROM 88 are written into the data area 88b of the
tone color memory 86 (see FIG. 20), while the CPU 1 changes the
corresponding images displayed by the display unit 4. In other
words, the CPU 1 étops enhancing the icon "1..CHORUS" so as to
enhance another icon "2. FLANGEl".

Furthermore, the CPU 1 transfers the fundamental data of the
LFO data, coefficient data and address data to the sound-effect
operation portion 19 shown in FIG. 8; in which those data are
respectively written at their corresponding addresses of the LFO
register 44, coefficient register 46 and address register 47.

.Incidentaliy. the operations as similar to the above-
mentioned operations regarding the sound effect EF1 are performed
with respect to each of the other sound effectleFZ to EFS5;
hence, the detailed description thereof will be omitted.

After completing the sound-effect changing process described
heretofore, the processing of the CPU 1 proceeds to step SC4:
shown in FIG. 21.

In step SC4, the CPU 1 performs an effect-parameter changing
process, by which the effect parameters used for each of the
sound effects EF1 to EF5 are changed, so that the changed effect
paramefers.are displayed by the display unit 4. According to the
effect-parameter changing process, it is possible to change
several kinds of effect parameters used for the chorus effect
selected as the sound effect EF1, for example. In order to do
so, the performer operates the mouse 7 to move the cursor 4b and

place it on the icon "1. CHORUS" displayed in the sound-effect
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255. Al of the above-nentioned data processings for the sound effects EF1
td EF5 are carried out within 1 DAC cycle. Each of FIGS. 4 and 5(A) to
5(F) shows a con- ceptual configuration representing a relationship be-
tween the m xer 18 and the sound-effect operation por- tion 19 which are
activated in a tinme-division manner in connection with each of the sound
effects EF1 to EF5. In the bl ock diagrans shown by those draw ngs, nuner-

display area 4¢3 (see FIG. 22) on the display screen of the
display unit 4, and then, the performer clicks the mouse button
twice. Thus, the CPU 1 reads out the corresponding image
information from the ROM 2, while the CPU 1 also reads out the
LFO data, coefficlent data and address data from the data area
86b of the tone color memory 86 shown in FIG. 20. Then, the CPU
1 works to display a window area.in proximity to the icon "1.
CHORUS" in the sound-effect display area 4c3 as éhown in FIG. 31.
This area displays current values of three effect parameters in
connection with the chorus effect.

In an example shown in FIG. 31, a chorus;modulation
frequency (represented by "Chorus Mod. Freq") is set at 20 Hz: a
chorus-pitch-modulation depth (represented by "Chorus PM Debth")
is set at 50%; and a chorus-amplitude-modulation depth
(represented by "Chorus AM Depth") is set at 40%.

In order to change the chorus-modulation frequency, the
performer operates the mouse 7 to move the cursor 4b and place it
on a window area 4c4 which is arfanged at a right portion of a
display area in which characters "1. Chorus Mod. Freq =" are
displayed, and then, the performer clicks the mouse button by
pPlural times. .

In response to the clicking operatidns of the mouse button,
the CPU 1 changes the displayed frequency value so as to display
predetermined frequency values, e.g., 20Hz, 40Hz, 60Hz, ... at
the window area 4c4 in turn. In response to the chorus
modulation frequency changed, the CPU 1 changes the effect

parameters, i.e., LFO data, coefficient data and address data
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als MXI'1 to MX16 denote pre-stage mxing portions, each of which is
provided in a pre-stage of correspond- ing one of sound effect portions EF1
to EF5; nunerals M XOL to M XCb denote post-stage m xi ng portions, each of
which is provided in a post-stage of each of sound effect portions EF1 to
EF5; nunerals M XO7 and M XC8 denote output-stage mxing portions which are

eSPet PN B b5 P B g 05 Ra! B BF, PSS, SN IR

out put - ?Lé&epf&¥i£€). Further, the LFO data, coefficient data and
address data which are changed by the CPU 1 are transferred to
the sound-effect operation portién 19 (see FIG. 8), in which
those data are respectively wriften at their corresponding
addresses of the LFO register 44, coefficient register 46 and
address register 47.

Incidentally, the operations as similar to the above-

mentioned operations regarding the sound effect EF1 are performed

with respect to each of the other sound effects EF2 to EF5. More

-t

specifically, the performer moves the cursor 4b and place 1t on
the enhance portion of the display area 4¢3, and then, the
pefformer clicks the mouse button twice; and consequently, the.
effect barameters corresponding to the enhanced portion are
displayed on the display screen, so that the performer can
arbitrarily change each of the values of the effect parameters.

After completing the effect-parameter changing pfocess
described heretofore, the processing of the CPU 21 proceeds to
step SC5 shown in FIG. 21.

In step SC5, the CPU 1 performs an effect-balance changing
process, by which an effect balance applied between the foregoing
opefation data and mixed data with respect to each of the sound
effects EF1 to EF5 is changed, so fhat the changed effect balance
is displayed by the display unit 4. For example, a ratio by
which the mixed data EM1 is contained in the output data E10L in
connection with the sound effect EF1 can be changed by the
performer. 1In order to raise such ratio, the performer opérates

' the mouse 7 to move the cursor 4b and place it on a left half
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partiops M XO7 and M XC8 has the sane configuration of the pre-stage m xing

portion M Xl 1; hence, the de- tailed illustration thereof is omtted in
FIGS 5(A) to 5(F). In the pre-stage mixing portion MXI1 shomm in
FIG 4, nunmerals MLT, M.T, ... denote nmultipliers each having a

mul tiplication coefficient which is controlled by nmultiplication
coefficient data given fromthe mxing in- formation supply portion shown

7 5 B o, 1§ oM gL 65,20 TS Sl e ok oot
clicks the mouse button by plural times. Thus, the CPU 1 changes
the coefficient data stored in the data area 86b of the tone
color memory 86 shown in FIG. 20, while the CPU 1 also changes
the corresponding images displayed by the display unit 4. Then,
the CPU 1 transfers the changed coefficient data to the sound-
effect operation portion 19 (see FIG. 8), in which i1t is written
at 1ts corresponding address of the coefficient register 48.

Incidentally, a method of changing the coefficient data is

Y similar to the aforementioned method of increasing or decreasing
the multiplication_coefficienf of the multiplier MLT,
corresponding to the input data ID1, which is provided in the
pre-stage mixing portion MIXI1 in connection with the sound
effect EF1l; hence, the detailed description thereof will be
omitted.

Moreover.lthe operations as similar to the above-mentioned
operations regarding the sound effect EF1 are performed with
respect to each of the sound effects EF2 to EF5; hence, the
detailed description thereof will be omitted.

Y After completing the effect-balance changing process
described heretofore, the processing of the CPU 1 returns back to
the aforementioned main routine, in which the processing proceeds
to step SAS. | |

Next, tﬁe operation timings of the mixer 18 and sound-effect
operation portion 19 will be described in detail by referring to
timing charts shown in FIGS. 3, 32 and 33. FIG. 3(a) shows the

count values outputted from the couhter 79 shown in FIG. 15,
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cuit ip which fourteen switches are arranged in parallel. Each switch is
controlled to be turned on or off in re- sponse to a sw tching-®signal
corresponding to switch- on/off control data given fromthe m xing

i nformati on supply portion 20. A nuneral ADD denotes an adder which

receives a pIuraIity of nusical tone data through the gate circuit GI so as
to add them togeth
while FIG. 3(b) shows input timings at which the effect programs

are inputted into the sound-effect operation portion 19. As
shown in FIG. 15, the effect programs respectively corresponding
to the sound effects EF1 to EF5 which are selected by the
performer #re sequentially read out from the head addresses of

~ the effect program memory 22, which are respectively stored in
the areas 77a to 77e of the head address register 77; and then,
those effect programs are inputted into the sound-effect
operation portion 19 at the input timings shown in FIG. 3(b).
The above-mentioned reading operatidns and inputting operations
are completely carried out within 1 DAC cycle.

FIG. 3(c) indicates input timings at which the
aforementioned mixed data EM1, EM2, EM3, EM4, EMSL and EMSR given
from the temporary RAM 83 (see FIG. 8) are respectively inputted
into the sound-effect computation circuit ECC. As shown in FIG.
3(c), each of the mixed data EM1 to EM4 is inputted into the
sound-effect computation circuit ECC at a first operational step
of each of the sound effects EF1 to EF4, while the mixed data |
EMSL and EMSR are sequentially inputted into-the sound-effect
computation circuit ECC at first two operational steps of the
sound effect EFS5. |

FIG. 3(d) indicates input timings at which the operation
data EX1L, EX1R, EX2L, EX2R, EX3, EX4, EXSL and.EXSR given from
the sound-effect computation circuit ECC are respectively
inputted into the temporary RAM é3. As shown in FIG. 3(d), each
of those data 1s 1ﬁputted into the temporary RAM 63 at a certain
operational step which is delayed behind the first operational
'step_of each of the sound effects EF1 to EF5 by a delay time
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REPLACEMENT SHEET -14- In the
post-stage mnixing portion M XOL shown in FIG 4, nunerfals MLT1 to M.T4
denote nmultipliers each .having a nmultiplication céefficient which is
control- led by the multiplication coefficient data given fromthe

corresponding to four clocks ¢ ,. In FIG. 3(d), a symbol "D"
denotes a delay time corresponding to one clock ¢ . The reason
why the input timing of the operation data is delayed behind the
input timing of the mixed data by the delay time corresponding to
four clocks ¢ 3 1s that the sound-effect computation circuit ECC
requires the computation time corresponding to four clocks ¢ .

FIG. 3(e) shows the control codes to be supplied to the
selector 76 shown in FIG. 8. When éach control code is set at
"1" level, the selector 76 seléctively ogtputs the data supplied
to its input terminal "a". As described before, the mixed data
EM1, EM2, EM3, EM4, EM5S5L and EM5R outputted from the delay
circuit 32 (see FIG. 6) of the mixer 18 are supplied to the input
terminal "a" of the selector 76, so that each of those data is
selectively outputted when the control code is set at "1" levél.
FIG. 3(f) shows input timings at which the mixed data outputted
from the selector 76 are respectively inputted into the temporary
RAM 63. Incidentally, a timing at which each of the mixed data
is produced will be described later.

FIG. 3(g) shows input timings at which the musical tone data
outputted from the delay circuit 32 shown in FIG. 6 are inputted
to the parallel-to-serial converter 34 provided in the mixer 18,
wherein those mﬁsicai tone data are eventually outputted toward
the external device and the like. In other words, those 1nput
timings shown in FIG. 3(g) indicate output timings of the output-
stage mixing portions MIXO7 and MIXO8 shown in FIG. 5(E) and
5(F). | |

FIG.'3(h) shows the control code which 1s supplied to the
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m xi ng,informati on supply portion 20. In FIG 4, "EML" denotes m xed dat a,
outputted fromthe pre-stage mx- ing portion MXI 1, which is supplied to
the sound effect portion EF1l. In the sound effect portion EF1l, a prede-
term ned sound effect is applied to the m xed data EML, resulting that the
af orenenti oned operation data EX1L and EX1R are produced in connection with

L] A e PR HRER B PG GG T P
Coeffi(ﬂfgvél}lgiéﬂgéfégkhgrzs selectively outputs the data supplied to
its input terminal "b". More specifically, the aforementioned
operation data EX1L, EX1R, EX2L, EX2R, EX3, EX4, EXS5L and EX5R
read from the tempqrar& RAM 63 shown in FIG. 8 are selectively
outputted from the selector 28 when the control code is at 41"
level. \

On the other hand, whenlthe control code supplied to the
selector 28 is set at "0" level, the selector 28 selectively
outputs the data supplied to its input terminal "a". More
specifically, the aforementionéd input data ID1 to_ID4; external
input data GD1, GD2, output data E10L, E10R, E20L, E20R, E30,
E40, ES50L and ES50R outputted from the mixer RAM 27 or latch
circuit 27a are selectively outputted from the selector 28 when
the control code is set at "0" level.

Incidentally, when both of the control codes respectively -
shown in FIGs. 3(e) and 3(h) are set at "O" level, the sound-
effect computation circuit ECC can write the data into the
temporary RAM 63 or read the data from the temporary RAM 63.

FIG. 3(1) shows input timings at which the data are inputted
into the multiplier portion 29 provided in the mixer 18. In FIG.
3(1), periods of time represented by symbols "MIXI1" to "MIXI8",
"MIXO7" and "MIXO08" indicate input timings corresponding to the
aforementioned pre-stage mixing portions MIXI1 to MIXI6 and the
output-stage mixing portions MIX07 and MIX08 respectively shown
in FIGS. 4, 5(A) to 5(F). Incidentally, a period of time
represented by a term "EFFECT WAVEFORM MIXED" shown in FIG. 3(1)

indicates input timings corresponding to the post-stage mixing
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M. T2 nultiplies the operation data EXIL by its multipli- cation
coefficient; the mul tiplier MT3 nultiplies the op- eration data EXIR by
its multiplication coefficient; and the nmultiplier MT4 multiplies the

m xed data EML by its nultiplication coefficient. Then, an adder ADDl1 adds
re- sults of the multiplications respectively perfornmed by the nultipliers
M.T1 and M.T2, while an adder ADD2 adds results of the nultiplications

e T e M R R

5(D). Further, a mixing operation corresponding to each of the

h

pre-stage mixing portions MIXI1 to MIXI6 and output-stage mixing
portions.MIXO7 and MIXO08 is carried out in a period of time
corresponding to twenty-eight clocks ¢ o» While an operation of
mixing the effect waveforms is carried out in a period of time
corresponding to thirty-two élocks ¢ o.- As described before, the
operation clock of the mixer 18 is represented by "¢ 1": however,
in the timing charts shown in FIGS. 3, 32 and 33, a numeric value
representing the number of clocks ¢4 (i.e., 0, 2, 4, ...) is
indicated by the timing of the clock ¢ o In order to simplify the .
illustration of each timing chart.

FIG. 32 shows input timings corresponding to the pre-stage
mixing portion MIXI3. Herein, FIG. 32(a) shows a part of FIG.
3(1), while FIG. 32(b) indicates read-out timings for the data
_which are respectively read from the mixer RAM 27. As shown in
FIG. 32(b), the data stored in the-mixer RAM 27 are sequentially
read out in an order of the addresses shown in FIG. 7.

FIG. 32(c) indicates a clear signal which is provided to
clear the gate 33 shown in FIG. 6. The reason why a leading-edge
timing of the clear signal is delayed behind the first _
~operational step (represented by a numeric value "0") of the
mixing operation corresponding to the pre~-stage mixiﬁg portion
MIXI3 by a certain period of time corresponding to four clocks
é¢ o 1s that the operation time of the multiplier pbrtion 29 is
set equal to four clocks ¢ o- As described before, the mixing

operation of the aforementioned pre-stage mixing portion MIXI2
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FIGS. 5(A) to 5(D) are configured as sinmlar to the post- stage m xing
portion M XOL shown in FIG 4. The mul- tipliers and one or two adders
contained in each of the post-stage m xing portions MXQ2 to M X6 are de-
signed to function as simlar to the nmultipliers M.T1 to M. T4 and adders
ADD1 andADD2 provided in the post- stage m xing portion M XOL. Numerals or

oo der EPRRAGE 1878, ArpaptPior B Snt wideus a3ER Bupct 6% mibpY R R ()

' the sound effect portion EF2. At the leading-edge timing of the
clear signal, the mixed data EM2 is stored at the predetermined
address of the temporary RAM 63-prov1ded in the sound-effect
operation'bortion 19 as shown in FIG. 32(d). Similarly, at the
next leading-edge timing of the clear signal which is delayed
behind the first operational step of the mixing opgration of the
pre-stage mixing portion MIXI4 by four clbcks ¢ o» the mixed data
EM3 outputted from the pre-stage mixing portion MIXI3 1s stored
at the predetermined address of the temporary RAM 63 provided in
the sound-effect operation portion.19 as shown in FIG. 32(d). 1In
order to store the mixed data in the temporary RAM 63 at the
above-mentioned timing, the control code (see FIG. 3(e)) supplied
to the selector 76 is set at "1" level at a timing which is
delayed behind a start timing of each mixing operation
(represented by "MIX1" etc. in FIG. 3(1)) by "6D-2D", while each
mixed data outputted from the selector 76 is inputted into the
temporary RAM 63 at a timing (see FIG. 3(f)) which is delayed
behind the start timing of each mixing operation by "6D-2D".

FIG. 32(e) shows timings at which the switch data stored in

‘the switch_register 35 provided in the sound-effect operation
portion 19 shown In FIG. 8 are converted into serial switch
signals SD by the parallel-to-serial converter 36 so that they
are sequentiallyl;upplied to the gate 30 provided in the mixer 18
shown in FIG. 6. The reason why there provided fourteen switch
signals SD3 in FIG. 32(e) is that the maximum fourteen kinds of
musical tone data can‘be inputted into the mixer 18. Within the

fourteen kinds of musical tone data, a certain number of the
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As described before, maxi mum four series of nusical tone data (i.e.
maxi mum four series of serial data) are outputted fromthe sound source
circuit 13,

musical tone data are designated by the performer in order to
perform the mixing operations, so that the corresponding switch
signals.SDs are only set at "1" level. In other words, the
remained musical tone data are not subjected to mixing
operations, so that the corresponding switch signals SD3 are
remained at "0" level.

FIG. 33 shows input timings correspdnding to the post-stage
mixing portions MIXO1 to MIX05 shown in FIGS. 4 and 5(A) to 5(D).
FIG. 33(a) indicates a part of FIG. 3(i), while FIG. 33(b)
indicates read-out timings at which the data are sequentially
read from the temporary RAM 63 provided in the sound-effect
operation portion 19 shown in FIG. 8. As shown in FIG. 33(b),
the data stored in the temporary RAM 63 are sequentially read out
in a predetermined order, by which the mixed data EM1, operation
data EX1L, mixed data EM1, operation data EXIR, ... are
sequentially read out. In other words, the dry musical tone data
and the wetlmusical tone data are alternatively read out froﬁ the
temporary RAM 63. .

FIG. 33(c) indicates a clear signal which clears the gate 33
shown in FIG. 6. On the basis of the same reason which has been
described in conjunction with FIG. 32(c), a leading-edge timing
of the clear signal shown in FIG. 33(c) is delayed behind the
first operational step of the mixing operation by four clocks
¢ o- The reason why the level of the clear signal is
alternatively changed between "1" and "0" is to carry out a
mixing operation on a pair of the dry musical tone data and wet

musical tone data, and then, to clear the result of-the mixing
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-, 15 - while two series of external mnusical tone data (i.e., two

series of serial data) are outputted f romthe A/ D convert- er 16. The.
above-nentioned serial data are supplied to a serial-to-parallel
converter - 25 (see FIG 6), in which t hose serial data are converted into
paral |l el data. More specifically, the four series of mnusical tone data
are re-g eré({ieo(i{.i vely converted into data IDlL to I D4, while the two

series Gt el hal nusical tone data are respectively

FIG. 33(d) shows write timings at which the output data of .
the post-stage mixing portions are sequentially written into the
mixer RAM 27 provided in the mixer 18 shown in FIG. 6. In this
case, due to the complicatedioperations to be performed by the
multiplier portion 29 and the accumulator conéisting of the
circuits elements 30 to 33, the write timing of the output data
E10L is delayed behind the first operational step of the mixing
operation by eight clocks ¢ . More specifically, the mixed data
EM1 outputted from the pre-stage mixing portion MIXI1 (see FIG.
4) is multiplied by the predetermined multiplication coefficient
by the multiplier portion 29; and then, the corresponding
operation data EX1L outputted from the sound effect portion EF1
is further multiplied by the predetermined multiplication
coefficient by the multiplier portion 29; thereafter, those data.
are accumulated by the accumulator.

FIG. 33(e, shows write timings at which the data are written
into the mixer RAM 27 provided in the mixer 18 shown in FIG. 6 in
a certain DAC cycle, while FIG. 33(f) shows read-out timings at
which the fourteen kinds of input data, containing the input data
Ib1, ID2, ID3, ..., used in the pre-stage mixing portion are
sequentially read from the mixer RAM 27. Among those data, the
first three data iDl. ID2 and ID3 are read from the mixer RAM 27
and are set in the latch circuit 27a in advance during the last
duration of the current DAC cycle and the first duration of the
next DAC cycle. This is because only three data can be read from
the mixer RAM 27 in the next DAC cycle. More specifically, in

the next DAC cycle as shown in FIG. 33(d), the output data EFSOL

85
This Sheet Has Been Replaced




caonverted into data GD1 and GD2. Those data ID1 to D4 and GD1, GD2 are
I nputted into the pre-stage m x- Ing portion MXI1. In addition, other
nmusi cal tone data E10., E1OR, E20., E20R, E30 E40 E5CL and ESOR are
al so inputted into the pre-stage m xing portion M XI1. The other
pre-stage m xing portions MXI2 to M XI 6 and the output-stage m xing-
portions M X07 and M XO8 are designed as simlar to the above-nentioned

EEE) St?%% ﬁ%‘&%np%%o@néﬂ #lter RAM 27 in tH& dtr A oh" cblFespondlifs %) 1O
the first two clocks ¢ : and then, the output data EF50R is
written into the mixer RAM 27 during the duration between a
fourth-clock timing and a sixth-clock timing, resulting that a
limited number of the input data, i.e., only three input data
ID1, ID2 and ID3, can be read from the mixer RAM 27 in the next
DAC cycle. FIG. 33(g) shows output timings at which the data are
sequentially outputted from the selector 28 shown in FIG. 6 in
the next DAC cycle. As shown in FIG. 33(g), only three input
data ID1, ID2 and ID3 are read from the latch circuit 27a, while
‘the other data are read from the mixer RAM 27. Thus, the mixing
operation of the pre-stage mixing portion MIXI1 can be performed
at the timing which is similar to the operation timing of the
mixing operation corresponding to the pre-stage mixing portion
MIXI3 as shown in FIG. 32.

As described heretofore, on the basis of the switch data
stored in the switch register 35 and the multiplication
coefficient data stored in the volume register 37, the mixer 18
performs the mixing operations on the input data ID1 through the
output data E50R, stored in the mixer RAM 27, thus producing the
mixed data EM1 to EM5R during the duration between operational-
step 0 to operational-step 187 (see FIG. 3). Then, those data
are written into the temporary RAM 63 at the timings shown in
FIG. 3(f).

Further, on the basis of the switch data stored in the
switch register 35 and the multiplication coefficient data stored

in the volume register 37, the mixer performs the mixing
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E1OL and E1OR are outputtéd fromthe post-stage m x- I ng portion M XOt;

the data E2OL and E20R are out - putted fromthe post-stage m xing
portion M XQ2; the data E30 is outputted fromthe post-stage m xing por-
tion MXO3; the data E40 is outputted fromthe post- stage m xi ng

portion M XX; further, the data E50OL and ES50R are_outputteg fron;;?eto
Rfi}GStqﬂﬁ%spectlvgﬁgq%@€6HPP%Lé%?§ed@g l%?ﬁ%39§5¥?%#§gfggﬁkkoﬁ§°ﬁq dat a)
EML, EMztdida ifHVMheEMike?"RARMBR, i€ roducing the output data OUT1

and OUT2 during the duration between operational-step 168 and

operational-step 223 (see FIG. 3). Those data are outputted to

the sound system 17 at the timings as shown in FIG. 3(g).

In the duration between operational-étep 224 and
operational-step 255, the mixer 18 performs the mixing operations
on the mixed data EM1 to EM5R ahd the operation data EX1L to EX5R
stored in the temporary RAM 63 so as to produce the output data
E10L to ESOR on the basis of the multiplication coefficient data
stored in the volume register 37. Those data are writfen into
the mixer RAM 27 at the timings as shown in FIG. 3(d).
Incidentally, during the operational step (see FIG. 33(e)) in
which the abové-mentioned output data E10L to E50R are not
written into the mixer RAM 27, the aforementioned input data ID1
through the external input data GD2 are written into the mixer
RAM 27.

As shown in FIG. 3(c¢), the mixed data EM1 to EM5R stored.in
the temporary RAM 63 are inputted into the sound-effect
computation circuit ECC and the delay RAM 48 at the first
bperational step (or first and second operafional steps) of the
mixing operatiohs_corresponding to the sound effects EF1 fo EF5.
Those data EM1 to EM5R inputted into the sound-effect computation
circuit ECC and the delay RAM 48 arersubjected to computations
and delay operations, so that they are converted into the
operation data EX1L to EX5R, which are written into the temporary
RAM 63 at the timings as shown in FIG. 3(d).

- Next, FIG. 34 shows an example of a chorus-effect imparting
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the term"dry nusical tone data" represents the nusi cal tone data to
whi ch the sound effect is not inparted. The m xed data EML out putted
fromMXI1 is provided for the sound effect EFl; the m xed data EM2

out putted fromM X112 is provided for the sound effect EF2; the m xed
data EMB outputted fromMXI 3 is provided for the sound effect EF3; the
m xed data EMA out putted fromMX14 is provided for the sound effect

EF4, 1H8rtiofl WLk ahrikd/blo Quipdirt el cRBYYLXePre6t PEO VLS i cal
tone data, displayed by the display unit 4 as shown in FIG. 22,
in cooperation with the mixer (see FIG. 6), sound-effect
operation portion 19 and delay RAM 48 (see FIG. 8). In the delay
RAM 48 shown in FIG. 34, terms "RA+LFO01(I)", "RA+LFO02(I)" and
"RA+LF03(I)" indicate read-out addresses. These read-out
addresses also indicate that the data to be read out is modulated
in response to three LFO waveforms LFO1 to LFO3 as shown in FiG.
35(A), in other words, the pitch modulation is performed
responsive to those waveforms. Each of multiplication
coefficients applied to multipliers 89a to 89c is altered
responsive to each of LFO waveforms LFO04 to LFOB8 shown in FIG.
35(B). In other words, the data respectively inputted into the
multipliers 89a to 89c are subjected to amplitude modulation.

 The above-mentioned chorus-effect imparting portion shown in
FIG. 34 functibns to impart the chorus effect to the musical tone
data 1n accordance with effect programs; the examples of which
are shown in FIGS. 36 to 38. In the aforementioned sound effect
port;op EF1l, the sound-effect imparting operation is carried out
duriné the duration between operational-step 0 to operational-
step 55. In FIGS. 36 to 38, a term "C-SEL" corresponds to the
selector 76 shown in FIG. 8; terms "C-RAM" and "T-RAM"
respectively correspond to the femporary.RAMs 63 and 62 shown 1in
FIG. 8; a term "I~-SEL" corresponds to the selector 58 shown in
FIG. 8; and a term "I-RAM" corresponds to the temporary RAM 59

shown in FIG. 8.

Further, a term "X-SEL" corresponds to the selector 87 shown
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-16- the left-channel sound effect EF5L; and the m xed data EMBR out putted
fromMXI6 is provided for the right- .

in FIG. 8; terms "YRT" and "YRI" respectively correspond to the
latch circuits 65 and 64 shown in FIG. 8; terms "Y-SEL" and "B-
SEL" respectively correspond to the selectors 66 and 69 shown in
FIG. 8; and a term "subtracter" corresponds to the subtracter 72
shown in FIG. 8. In a row of "subtracter” shown in FIGS. 36 to
38, a letter "H" represents an operational step at which the
subtraction is performed, while the addition is performed at the
other operational steps. Moreover, a term "SHIFT" corresponds to
the shifter 73 shown in FIG. 8; a term "DW" corresponds to the
latch ciréuit 75 shown in FIG. 8; a term "IX" corresponds to the
latch circuit 49; a term "GATE" corresponds to the gate 50 shown
in FIG. 8; a term "DELAY RAM" corresponds to the delay RAM 48 |
shown in FIG. 8.

In a row of "ADDRESS REGISTER" shown in FIG. 36, a value "0"
is written at a third operational step. This means that a data
value "0" is outputted as the address data in the third
operational step. In a row of "COEFFICIENT REGISTER" shown in
FIG. 38, a term "K1" is written at a forty-seventh operational
step. This means that coefficient data K1 is outputted at the
forty-seventh operational step. In a row of "LFO DATA" shown in
FIG. 36, a term "LFOl1" is written from operational step 0 to
operational step 7. This means that the aforementioned LFO
waveform LFOl is outputted as the LFO data.

Next, processings of the effect programs will be simply
described by referring to FIGS. 8 and 36.

At operétional step 0, the input terminal "a" of the
selector 76 (see "C-SEL" in FIG. 36) is selected, so that the

data outputted from the mixer 18 is written into the temporary
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channel sound effect EFS5R Further, the sound effect portions EF1 to EF5
respectively output the operation data (i.e., wet nusical tone data) EXIL,
EX1IR, EX2L, EX2R, EX3, EX4, EX5L and EX5R. Herein, the opera- tion data
EX1L and EX1R are respectively outputted fromleft-channel and

ri ght-channel term nals EF1L and EF1R of the sound effect portion EFl; the
operation data EX2L and EX2R are respectively outputted fromleft- channel

and ri a 4 CLianal EF2R of the sound effect portion EF2,
B 6830460 ELIN! i T 3. |

t he operation
At operational step 1, the data is read from a register Cl

of the temporary RAM 63 (see "C-RAM"), while the input terminal
"a" of the selector 67 (see "X-SEL") is selected, so that the
read data is supplied to the second input terminal of the
multiplier 68. On the other hand, the input terminal "c¢" of the
selector 66 (see "Y-SEL") is selected, so that the data value "1"
is supplied to the first input terminal of the multiplier 68.
Thus, the above-mentioned data is multiplied by the data value

) "1" in the multiplier 68, whose result of multiplication is added
with a data value "0" by the adder 71. In short, the musical
tone data which is obtained in operational step 0 is directly
outputted in operational step 1.

At operational step 2, a result of the addition performed by
the adder 71 is delayed by the delay circuit 74; and then, the
delayed data is temporarily stored in the latch circuit 75 (see
"DW"). At the same time, the input terminal "b" of the selector
68 (see "I-SEL") 1is selected, so that the aforementioned decimal'
data of the LFO waveform LFO1, outputted from the LFO 45, is
written into a register I1 of the temporary RAM 59 (see "I-RAM").
On the other hand, the aforementioned integral data of the LFO
waveform LFO1, outputted from the LFO 45, is temporarily retained
by the latch circuit 49 (see "IX").

At operational step 3, the data which is temporarily
retained by the latch circuit 75 (see "DW") 1s written into the
delay RAM 48 at its address 0.

Thereafter, the predetermined processings are performed
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outputted fromthe sound effect portion EF3; the opera- tion data EX4 is
outputted fromthe sound effect portion EF4; further, the operation data
EX5L and EX5R are re- spectively outputted fromleft-channel and

ri ght-channel term nals EF5L and EF5R of the sound effect portion EF5. The
above-nentioned dry nusical tone data and wet nusical tone data are well

ost - st SHELE; bpeEaEEohEL abo #4° T3, ohe' Eibrud! @pESet HETF, O 10T,
E1OL copyenakddfty! Pmparted to the musical tone data (in this case, the
input data ID1).

According fo the present embodiment as described heretofore,
the sound source circuit 13 is configured such that a plurality
of musical tone data, each of which is capable of representing
one sound through four sounds, are provided'for each of plural
tone colors, and those musical tone data are stored in the tone-
color data area 86a of the tone color memory 86, while each of
the tone colors can be arbitrarily selected by the performer;

- further, the musical tone data outputted from plural tone-
generation channels are supplied to the sound effect imparting
apparatus 14 as the input data ID1 to ID4 in response to the tone
color selected by the performer. Thus, in the sound effect
imparting apparatus 14, a plurality of sound effects can be
freely imparted to the input data ID1 to ID4 and the externmal
input data GD1 and GD2 in response to the operations of the mouse
7. In this case, a desired line connection among plural sound
effects can be arbitrarily determined, while a desired effect
balance can be arbitrarily selected. In short, it is possible to
raise a degree of freedom in the sound-effect imparting
operation. | |
[D] Modifications

In the embodiment described before, the head address ROM 77
is referred by the CPU 1 when the sound effect which is

“designated by the performer in connection with each of the sound.
effects EF1 to EF5 is changed. However, the present invention is

not limited to that embodiment. For example; the sound-effect
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t.he | eft-channel sound effect EF1L, while the nusical tone data EIOR
corresponds tothe right-channel sound effect EFIR Similarly, the nusical
tone data E2OL cor- responds to the | eft-channel sound effect EF2L, while
the nusical tone data E20R corresponds to the right- channel sound effect
EF2R; the nusical tone data E30 corresponds to the sound effect EF3; the
musi cal tone data E40 corresponds to the sound effect EF4; the nu- sical

tone d3haraeibnCRofEIRR"Es ddh e deddesiialacbushutat! ERE NGl while the
address is computed for each of the sound effects on the basis of
the effect number and the like. |

In the embodiment, all of the sound effect portions EFl1l to
EF5 are used when imparting the éound'effects to the musical tone
data. However, even when a part of the sound effect portions EF1
to EF5 is only used, the-sound effect imparting apparatus 14
according to the embodiment can work well.

In the embodiment, a plurality of musical tone data are
outputted from a plurality of tone-generation channels of the
sound source circuit 13, so that those musical tone data are
supplied to the sound effect imparting apparatus 14 as the input
data ID1 to ID4 in response to their tone colors. The embodiment
can be re-designed such that the performer can arbitrarily select
one. of the tone colors so as to supply the corresponding musical
tone data to the sound effect imparting apparatus 14. Or, one
musiéal tone data is divided into plural pleces each having a
predetermined frequency band by use of filters, so that each
ﬁiece of musical tone data 1s inputted into the sound effect
imﬁarting apparatus as its one input data.

Moreover, in the embodiment, the size of the program used
for each of the sound effects EF1 to EF5 is fixed, while a
limited ﬁumber of sound effects are provided for each of the
sound effects EF1 to EF5. For example, seven kinds of sound
effects. containing the chorus effect and phaser effect, are
provided for the sound effect EF1l, so that the other sound

effects cannot be selected for the sound effect EF1l. The present
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corresponds to the right-channel sound effect EF5R Thus, the
af orenentioned data IDL to ID4 and GDl1, GD2 are m xed together by a
predetermined mx- ing rate so as to produce the m xed nusical tone data.

invention is not limited to such system design. In other words,
the size of the program used for each of the sound effects EF1 to
EF5 is not fixed, so that any of desired sound effects can be
used for each of the sound effects EF1 to EF5. For example, the
reverberation effect is used for the sound effect EF1l, while the
chorus effect is used as the sound effect EF5.

Since the program size is fixed in the embodiment, the
decoded value outputted from each of the decoder 55 (see FIG.
12), decoder 61 (see FIG. 13) and decoder 80 (see FIG. 15) must
be determined responsive to the same fixed range of the count

*  values as described before. However, in order to embody the
above-mentioned arbitrary selection of the sound effects, the
embodiment should be re-designed such that the range of the count
values which is used to output the decoded value from each
decoder can be changed in response to the program size
arbitrarily selected for each sound effect. In the case of the
decoder 55, the same decoded value is outputted as long as the 8-
bit count value of the counter 54 belongs to each of the five
ranges, 1.e., the first range between 0 and 55, the second range
between 56 and 111, the third range between 112 and 135 the
fourth range between 136 and 159 and the fifth range between 160
and 255. However, when the reverberation effect is selected for
the sound effect EF1, the decoder 55 is re-designed to output.the
same decoded value until the 8-bit count value of the counter 54
reaches "95".

In the description of the embodiment, an operation of
changing the line connection among the sound effects EF1 to EF5

is not described. However, such operation can be performed by
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:17- . Then, several kinds of sound effects are conbi ned to-

get her, so that conbined sound effects are inparted to t he
m xed nusi cal tone data. Incidentally, a mxing ratio by whi ch
the data IDl to I D4, GD1, GD2, E1QL, E1OR E20L, E20R, E30
E4O, E50L and E50R to be sup- plied to the pre-stage m xing

portion can be controlled
editing the line connection. as shown in FIG. 29, by use of the

mouse 7. More specifically, the line connection among the sound
effects EF1 to EF5 can.be changed by rewriting the switch data
respectively stored in the tone color memory 86 and switch
register 35 in response to the editing operation which is
performed by use of the mouse 7.

Lastly, this invention may be practiced or embodied in sfill
other ways without departing from the spirit or essential
character thereof as described heretofore. Therefore, the
preferred embodiment described herein is illustrative and not
restrictive, the scope of the invention beiné indicated by thé
appended claims and all variations which come within the meaning

of - the claims are intended to be embraced therein.
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by use*of the nouse 7. In addition, a selection of the sound

effects EF1 to EF5 and a conbi nati on of them celeuLiﬂgﬁl_________

controlled by use of the nouse 7. Inciden- taLIy,-the CPU 1
wor ks responsive to the operation of the mouske ﬂ‘hlﬂSieetH%tB%bﬂﬁ;ﬁaced

of the operation of the nouse 7 and the operationmlmH!Hmm
wll be €&AdMSbed | ater. o . FIG 6 is a bl ”
showi ng a detail ed configuration of the m xer 18. )
18 i s designed to act upon an operation clock [err] which
??Tgé?pi gZGtgfsound effect %m§$§¥¥%é‘ﬂﬂﬂdréyiﬁ'Q%mgrgéfggﬁer”T”Ed pert od
' program storing means (22) for storing a plurality of

programs each corresponding to each of sbund effects to be

1mparted to musical tone data;

a plurality of program executing means (19) for sequentially.
executing said programs so as to impart the sound effects to
input data supplied thereto:

a plurality of mixing means (18), each of which is provided
for each of said plurality of program executing means, said
mixing means mixing said musical tone data, supplied from an
external device, with designated one or designated some of a
plurality of output data which are respectively outﬁutted from
said plurality of program executing means, thus producing mixed
data. which i1s supplied to said program exécuting means as its
input data; and

mixing.control means (20) for designating one or some of
said plurality of output data so that the designated one or
designated some of said plurality of output data are supplied to

each of said mixing means.

2. A sound effect imparting appﬁratus as defined in claim 1
further éomprising:

a piurality of sound-effect selecting means (24) for
selecting a plurality of sound.effects so that said pfograms
corresponding to selected sound effects are read from said

program storing means.
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1-DAC:cycle), generated froma clock generating circuit - (no

shown) .

The above operation clock [err] is obtaine by

dividing a frequency of the clock [err] by "2"m1;_§1%et}ﬁ§al§een

the period the operation clock is set longer is "i,”

T

size of circuitry of a nultiplier portion 29.

serial-to-parallel converter 25 receives the

series of serial nusical tone data, out- putted fromthe so
source circuit 13, as well as the two series of seria

t
why
e

und

ext er nal3nusiA doumheefdct imparting apparatus as tdeéffriedn frhei1A iR cz)nverter
16, so as to convert them

further comprising: _

an address designating means (23) for designating an address
for each of said programs corresponding to the selected sbund
effects, so that each of sald programs corresponding to the

selected sound effects is read from said program storing means at

‘the address designated by said address designating means.

4, A sqund effect imparting apparatus comprising:
program stbring means (22) for storing a plurality of

programs each corresponding to each of sound effects to be

limparted to musical tone data:

a plurality of program selecting means (24), each of which
selects at least one of sald plurality of programs stored in said
program storing means by designating its address, so that a
selected program is read from a selected address of sald program
storing means;

parameter supplying means (21) for selectively outputting at
least one of parameters in response to said program selected by
said program selecting means; and _ '

a plurality of program executing means (19), each of which

executes said program read from said program storing means so as

'to impart 1its corresponding sound effect to said musical tone

data on the basis of the parameter supplied from said parameter

supplyipg means.
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into parallel data, i.e., IDL to |D4yg

sel ect or

26 has two input termnals ' "b".
above- mentioned data IDl to | D4 and m" "’”"”I“" GD2 are supplied to
the input terminal "a" of the selector

e $ Been ﬁe laced The

26, while the

A

af orenenti oned nusi cal tone data E1QL, E1OR, E20QL, E20R, E30

E40, E50pg.and AFa@in'do eé?®ect imparting sppdrdturd als’ derdneal e 61afmi4 32 are
al so supplied to the i nput termnal "b" of the selector 26.
response wherdin at least two oPnsabd phitiesl ity pft prdogtamnsébecef{igaieans
program nmem ory 22, the selector 26 selects one of the input
t ef m nal £an select the same program, while said parameter supplying means

[

supply different parameters to them respectively.

6. A sound effect imparting apparatus comprising:

program storing means (22) for storing a plurality of
programs each corfesponding to eéch of sound effeéts to be
imparted to musical tone data;

a plurality of program executing means (19) for sequentially
executing said programs so as to impart the sound effects to -
input data supplied thereto;

a plurality of mixing means (18), each of which is provided
for each of said plurality of program executing means, said
mixing means mixing said musical tone data, supplied from an
external device, with designated one or designated some of a
plurality of output data which are respectively outputted from
saild plurality of program executing means, thus producing mixed
data, which is supplied to said program executing means as its
input data;

line-connection setting means (7) for setting a line
connection representing a relationship among the sound effects
which are respectively and sequentially imparted to said musical
tone data; and

mixing control means (20) for designating one or some of
said plurality of output data on the basis of said line
connection set by said 11né-connection setting means, so that the

designated one or designated some of said plurality of output

77
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-+18 = "a" and "b" so as to eventually output a set of the data

_—

This Sheet Has Been Rep
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7. A sound effect imparting apparatus as defined in claim 6

data are supplied to each of said mixing means.

further providing a display means (4) which displays a graphic
pattern corresponding to said line connection set by said line-

connection setting means.

- 8. A sound effect imparting apparatus as defined in claim 1 or
6 wherein said program executing means and sald mixing means work

in a time-division manner in synchronism with each other.

9. A sound effect imparting apparatus comprising:

a memory (22) for storing a plurality of effect programs
each corresponding to each of sound effects to be imparted to
musical tones;

a plurality of pre-stage mixing portions (MIXI1 to MIXI6)
for mixing input data thereof, containing musical tone data given
from an external device, so as to produce mixed data; _

a plurality of sound-effect impafting portions (EF1 to EF5),
each of which imparts a desired sound effect to said mixed data
by carrying out afithmetic.operations'and/or logical operations
in accordance with designated one of said effect programs, thus
producing operation data;

a plurality of post-stage mixing portions (MIX01l to MIXO05),
each of which mixes said mixed data and said operation data
together so as to produce output data, said output data being

supplied to each of said plurality of pre-stége mixing portions

78
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applied to the selected termnal. A nuneral 27 denotes a m xer
random access nenory (i.e., mxer RAM which can store fourteen kinds of
data, i.e., IDl to ID4, GD1, GD2, E1Q., EI1IOR E20L, E20R, E30 E40 E5QL
and E50R at address O to address 13 respectively as showmn in FIG 7. A nu-
meral 27a denotes a | atch portion attached wwth the mx- er RAM 27. This

| at ch porals dts?iaput datai,ded to adjust output timngs for the data to be

read fromthe m xer RAM 27. In order to do so, the |latch portion 27a tenpo-
whereby musical tones to which the sound effects are

{mparted are produced on the basis of said output data.

| This Sheet Has Been Replaced
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rarily retains three data which are firstly outputted fron1the m xer RAM
27. -- A sel ector 28 provides two input termnals "a" and "b".
Herein, the data which are outputted fromthe mxer RAM 27 through the
latch portion 27a are supplied to the input termnal "a" of the selector
28, while the nu- sical tone data outputted fromthe aforementioned
sound- ef ABSTRAQRY ati on portion 19 is supplied to the input termnal "b' of

the selector 28. In accordance with the control codes outputted fromthe
ef fect program mem SOUND EFFECT IMPARTING APPARATUS

A sound effect imparting apparatus, which is employed in the
electronic musical instrument in order to impart a variety of
sound effects to the musical tones in a variety of manners, is
mainly configured by an effect program memory (22), a sound-
effect operation portion (19), a mixer (18) and a mixing
information supply portion (20). The effect program memory
stores a plurality of effect programs, respectively corresponding
.to a plurality of sound effects to be imparted to musical fone
data, in advancé. The soundéeffect operation portion performs
arithmetic operations and/or logical operations on its input data
in accordance with the effect programs read from the effect
program memory, thus impafting desired sound effects to the
musical tone data. The mixer receives the musical tone data,
given from an external device, and operation data, outputted from
the sound-effect operation portion, representing the musical tone
data to which the sound effects have been imparted. Thus, the
mixer selects some of the data inputted thereto in accordahce,
with m;xing information givén from the mixing information supply
portion, so that the selected data are mixed together:; and
consequently, mixed data are supplied to the sound-effect
operation portion. On the basis 6f the mixed data outputted from
the mixer} the musical tones to which several kinds of sound

effects are imparted can be produced.

80 This Sheet Has Been Rep.
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orgy~22, one of the input termnals of the selector 28 is selected sothat.
the dataapplied tothe selected terminal is eventually outputted to the
“frultiplier portion 29. The nultiplier portion 29 has one or nore
mul tiplication co- "efficients, which are controlled by the nmultiplication
co- efficient data outputted fromthe mxing information sup- ply portion
20 (see FIG 2). Thus, the multiplier portion 29 nultiplies the data
outputted fromthe sel ector the nmultiplication coefficients. This
mul tiplier portion 29 corresﬁE%EZ to the aforenentioned nuLtipliers M.T and
I~ .
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- MLFt to ML.T4 shown in FIGS. 4 and 5(A) to 5(D). The nultiplier portion 29
I s designed to performone nultipli- cation in the duration corresponding
“to two clocks [err]. As a result, the data supplied to the multiplier

portion 29 is eventually delayed by a certain delay time correspond- ing to
four clocks [err] in total. =~
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first

A nuner al
| nput term nal

30 denotes a gate having two in

signal correspondingtb the switch

recei ves the switc

-data outputted fromthe m xi ng informati of

second input term nal receives output data
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~plier portion 29. Wen the switch signal is set at "1", the gate 30 is
turned on so that the output data of the mul- tiplier portion 29 is
"Outputted therefrom The gate 30 cor- responds to the aforenentioned gate
circuit GI showmn in FIG 4. Mreover, an adder 31, the delay circuit 32 and
"a gate 33 are assenbled together to forn1an accu- nulator. Herein, an

out put ofthe adder 31 is supplied to the delay circuit 32 in mhlch it is
del ayed by a certain delay tinme corresponding to one clock [err]; and then,
a del ayed output of the delay circuit is supplied to the gate

MIX01
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33. "The accurul ator consisting of the above-mentioned circuit el ements 31,
32 and 33 corresponds to the afore- nmentioned adders ABB—ADDlL and ADD?
shown in FIGS. 4 and 5(A) to 5(D). A nuneral 34 denotes a ar -

allel-to-serial converter which converts parall el nmusi caR ad&@akqmmml
outputted fromthe delay circuit 32, into serial nusica

serial nusical tone data are se- quentlally supplled tot ed
sound system 17 showQ£|1jﬂ(3 1. FI G is a bIock dlagran1s owﬁng

a detail ed

MIX074+— O0UT1

FIG.5(E)
MIX08—=0UT2

FIG.5(F)
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-configuration of the sound-effect operation portion 19 and its peri pheral
circuits. In FIG 8, parts identical to those shown in FIGS. 1 and 2 are

désignated by the sane nunerals; hence, the detailed description thereof

will be onmitted. The aforementioned m xing information supply portion 20

consists of a switch register 35, a par- allel-to-serial converter 36, a
vol unme register 37 and an interpolator 38. Herein, the switch register 35
stores the switch data controlling the on/off states of the gate 30 (see

FIG 6) provided in the m xer 18, so that the switch

T 18

CONVERTER

t - : -0
j32
DELAY |—od 4

pr————— ——

4131

L L3 30

33

$+——o0

29\ |MULTIPLIER
PORT I ON

5!

28 -
\[SELECTOR]—o

at b

LATCH

27\ MIXER RAM

2 . SELECTOR|—o
o—s S/P a} b
CONVERTER| ID1~ |D4
GD1, GD2

2ia

FIG.6
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© regi-ster 35 outputs parallel switch data. The parallel switch data are
supplied to the parallel-to-serial convert-
3.20-

| | | ‘//’Jll
ADDRESS

INPUT DATA ID1

INPUT DATA 1D2

INPUT DATA ID3

INPUT DATA 1D4

EXTERNAL INPUT DATA GD1
EXTERNAL INPUT DATA GD2
OUTPUT DATA E10L FROM EF1L
OUTPUT DATA E10R FROM EF1R
OUTPUT DATA E20L FROM EF2L
OUTPUT DATA E20R FROM EF2R
OUTPUT DATA E30 FROM EF3
OUTPUT DATA E40 FROM EF4
QUTPUT DATA E50L FROM EF5L
OUTPUT DATA E50R FROM EF5R
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“er 36,in which they are converted into serial switch sig- nals. The vol une
register 17 storesthe nmultiplication co- efficient data controlling the
mul tiplication coefficients used in the multiplier portion 29 (see FIG 6)
provided in the m xer 18. The interpolator 38 interpolates the nul -
tiplication coefficient data outputted fromthe volune register 37.

The switch register 35 provides eight ad?gess es, i.e. 36addregg 0 5920 5

address 7 which respectively cor- ‘
’(,)r;__ _ 1/ i ;a

18 | R E ~ SWITCH
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‘respond to the pre-stage nixing portions MXI1 to M X16 and the

out put -stage m xing portions M XO7 and M X08. At each address, there is
‘provided a storage area which is capable of storing fourteen switch data
used for each mixing portion. The CPU 1 designates fourteen switch data, so
that the fourteen switch data are transferred to the swtch register 35 in
whi ch they are stored at the address desi gnated by the CPU 1. In accordance
with output timngs which are determ ned responsive to a progress of

operational steps to be ex-

__/39
®0—={ COUNTER o (40
8 [ 4y [DECODER[CPU BUS
42 41
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SELECTORSB
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.‘ 44\
j | LFO REGISTER WE
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FIG.9(A)
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. ecut-ed in the sound-effect operation portion 19, the four- teen switch data

are Sequentially read out fromeach ad- dress of the switch register 35
-The volume register 37 provides a plurality of storageareas each storing
each of the nultiplication co- efficient data which are uBtgfhesyHasReen Replaced
pre-stage m xing por- tions MXI1 to MXI 6, the post-stage r S
M XOL to M X6 and the output-stage m xing portions M XO7,

respectively. Therefore, one multiplica- tion coefficient data transferred
fromthe CPU 1 is stored :
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"in éagh storage area, designated by the CPU 1, in the volune register 37.
In accordance with output timngs which are determ ned responsive to a
progress of oper- ational steps to be executed in the sound-effect opera-
tion portion 19, plural multiplication coefficient data are respectively
read out fromplural storage areas provided in the volune register 37.

A— | 48
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STORAGE AREA
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(herelnafter

Meanwhi | e,

a | owfrequency- osci | | at or regi ster
sinply referred to as a LFO register) 44 stores Iom#frequency

‘oscillation data (sinply referred to as LFO data) which is transferred from

the CPUlL. The
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LFO'tata is used to control a |owfrequency oscillator (i. e., LFO 45

whi ch controls nodul ation (representing the vibrato, trenolo and the |ike)
fo be applied to the nusical tone data. Mrre specifically, the LFO data
contains sev- eral pieces of information representing a waveform of

| ow-frequency oscillator, .a frequency of |owfrequency oscillator, a depth
of |l owfrequency oscillation, a phase, a kind of nodul ation (representing a
pitch nodul ati on or an anplitude nodul ation) and the like. A coefficient
reg- ister 46 stores data representing the effect bal ance
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among the sound effects EF1 to EF5, and it also stores coefficient data
representing filter coefficients which are used to inpart the sound
effects, such as the reverber- ation effect, to the nusical tone data, for
exanpl e. Those data are transferred fromthe CPU 1 to the coef- ficient
regi ster 46. An address register 47 stores delay address data .
which is transferred fromthe CPU 1. In this case, a delay RAM 43 is
externally connected with the sound- ergp\t operation portion 19 in order

to control a delay COUNTER -— O
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- amount applied to the nusical tone data when inparting the sound effect
(e.g., reverberation effect) to the nusi- cal tone data. This del ay RAM 4B
"del ays t he nusical tone data inputted thereto by a predeterm ned del ay
anount. The above-nentioned del ay address data cor- responds to an address
of the del ay RAM 48. The above-nentioned LFO register 44, coeffi-
cient register 46 and address register 47 are assenbl ed t oget her to form
the af orementioned effect paraneter supply portion 21 shown in FIG 2.
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?F{Gf*g(A) s a bl ock diagran1shbmﬁng the LFO register 44 and its peri pheral
circuits in detail, while FIG 9(B) isatimng chart.
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- 22- - acounterwhich countsa nunber of clocks [err], each hav- ing a
_predeterm ned period, which are generated froma clock generating circuit
‘(not shown). More specifically, the counter 39 counts the nunber of clocks"
[err] within 1 DAC cycle, so that its count value is changed from"0" to
"255". Meanwhile, the CPU 1 supplies certain data, having a predeterm ned
bit length, to a decoder 40 through the CPU bus 5. That data corresponds to
t he '

~ (CTONE-COLOR CHANGING PROCESS )
' ¥

- READ OUT TONE COLOR DATA SB1
CORRESPONDING TO TONE COLOR .,////’
NUMBER FROM TONE COLOR MEMORY
S0 AS TO TRANSFER IT TO SOUND
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. . '

‘OBTAIN HEAD ADDRESS, CORRESPONDING | SB?
o TO EFFECT NUMBER OF EF1, FROM ///

) HEAD ADDRESS ROM SO AS TO WRITE
IT INTO A SPECIFIC AREA OF HEAD

ADDRESS REGISTER
Y.

SIMILAR TO STEP SB2, HEAD ADDRESSES SB3
CORRESPONDING TO EF2 TO EF5 ARE ///
WRITTEN INTO RESPECTIVE AREAS OF -

HEAD ADDRESS REGISTER

READ OUT SWITCH DATA, MULTIPLICATION SB4
COEFFICIENT DATA, LFO DATA, ///
- COEFFICIENT DATA AND ADDRESS DATA
FOR EF1 SO AS TO TRANSFER THEM TO
RESPECTIVE REGISTERS
. Y :
SIMILAR TO STEP SB4, THOSE DATA SB5S
FOR EACH OF EF2 TO EF5 ARE ///
TRANSFERRED TO RESPECTIVE REGISTERS
- ¥
READ OUT DATA FROM QUTPUT-DATA SB6
AREA 86g SO AS TO TRANSFER ,///’
THEM TO RESPECTIVE REGISTERS

3
(__ RETURN )
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- addi~ess of the LFO register 44 which is designated by the CPU 1. The
decoder 40 decodes the data so as to produce 8-bit address data and a wite
“si gnal . A nuneral 41 denotesan AND gate having two input

termnals, in which a first input termnal receives the wite signal, while

a second input termnal receives a clqck [err] generated by the cl ock

generating circuit. The phase of th
receive

af or enen- gg%ed T’gvﬂmée;xm m:ml ct

which an in t?&

dl ock [err] IS revery
or._42 has three inpl
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86b: DATA AREA
.. FOR EF1

O

-86¢c: DATA AREA /
- FOR EF2 <

86e: DATA AREA
FOR EF4

86f: DATA AREA
FOR EF5 |

.
86d: DATA AREA
FOR EF3

'l

869: 0UTPUT-DATA<
~ AREA

EFFECT NUMBER

SWITCH DATA

MULTIPLICATION
COEFFICIENT DATA

'LFO DATA

COEFFICIENT DATA

ADDRESS DATA

EFFECT NUMBER

SWITCH DATA

MULTIPLICATION
COEFFICIENT DATA

LFO DATA

COEFFICIENT DATA

ADDRESS DATA

SWITCH DATA

MULTIPLICATION
_ [COEFFICIENT DATA

eto tth of the

t ti:j;fw&" in

I?I(} 20

This Sheet Has Been Replaced

i lIII|| f



val ue outputted fromthe counter 39; an input termnal "B" receives the
8-bit address data fromthe decoder 40; and a select term nal "SB" receives
‘an output signal SB of the AND gate 41. Wien the signal SBis at "1", the
sel ector selectively outputs the 8-bit address data sup- plied fromthe
decoder 40. A nuneral 43 denotes an in- verter which inverts the out put

| evel of the AND gate 41. An output of the inverter 43 is supplied to a
wite enable termnal WE of the LFO register 44. The peri pheral
circuits of the LFO register 44

C NOUSE PROCESS )

. SC1
DISPLAY PROCESS /

l

) MIXING- INFORMATION |/~ SC2
| | "cHANGING PROCESS |

1

SOUND-EFFECT //’SCB
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l
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;
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FIG.21
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in the LFO regi ster 44. However,
and its address data (representing a wite ad- dress at which the LFO data

~are-‘configured as described above.
data is read out fromthe address,
39,
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the LFO

and t hen,

ing-edgé timng of the clock [err];
transferred fromthe CPU1 is witten into the LFO reg, -

23° -
ﬂata

£C DIA

Q¥

NOI.L1J3INNOJ
Nt

indipno| S43 | ¥43

€43

7

N

| SO, U |

43SVHd “L

4023 N

b

40SSIYINO0D "9
ONJ HOLld G

QHOW3YL ¥ |
OHJWAS '€

7023

}3ONVIH "¢

“ulvlu../—.

b ms

i

This Sheet Has Been Replaced

4643 40 LNdLNO
7643 40 1NdLno
¥43 40 LNdLNO
€43 40 1Nd1no
4243 40 1Nd1NO
7243 40 1nd1no
Y143 40 1Nd1no
7143 40 1ndLno
¢ LNdNI VNY3LX3
| LNdNI TVNY3LX3
b LNdNI

-€ LNdN|

2 LNdNI
L 1NdNI



_ 46
~figured

regi ster 44;
47 woul d operate as

10( B)

showi ng storage nmaps respectively
regi ster 46

I n-
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regi ster
coefficient

circuits 'of the coefficient
tke LFO register 44,

those registers 46 and

simlar to the LFO register 44.

and 10(C) are draw ngs
corresponding to
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peri pher al

ister” 44 at the address designated by the CPU 1 in syn-
chronismw th a trailing-edge timng of the clock [err].

and address register 47 shown in FIG 8 are al so con-
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manages
a frequency of

like) to be stored in
map for the del ay

of the CPU 1.
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=24 % dress D1 is provided to delay the data for the sound effect EF3; a
fourth area defined between address D and address E-1 is provided to del ay
‘the data for the sound effect EF4; and a fifth area defined between ad-
dress E and address F is provided to delay the data for the sound effect

EF5. Now, the description will be given back with re-
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speet to FIG 8. In FIG 8, a nuneral 49 denotes a latch <circuit which
tenporarily retains an integral part of the LFO data (sinply referred to
‘as integral data) outputted fromthe |owfrequency oscillator 45 in
accordance with the control codes of the effect programread fromthe
effect programnenory 22. A gate 50 is controll.ed to be turned on or off
I n response to the control codes of the effect programread fromthe
ef fect program nenory 22. \Wen tTe gate 50 is turned on, the integral data
retained by the latch circuit 495i'350ut putted to an adder 51 through
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" thesgate 50. The adder 51 provides two input termnals, in which
a first input terminal receives the address data outputted fromthe

- address register, while a second in- put term nal receives the integral
data supplied thereto by neans of the gate 50. So, the adder 51 adds the
ad- dress data and the integral data together. A nuneral 52 denotes an
address counterwhi ch counts a nunber cor- responding to the address of the
delay RAM 48. A nu- neral 53 denotes an adder by which a result of the ad-

88
~ /
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88a: FUNDAMENTAL DATA AREA |
. FOR CHORUS < COEFFICIENT DATA
) E ADDRESS DATA
LFO DATA
88b: FUNDAMENTAL DATA AREA
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FIG.30
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.dijion performed by the adder 51 is added together with a count val ue

given fromthe address counter 52.

FIG 12 is a bl ock diagram
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-~ -2752_ dress to the first address in each of the storage areas shown in
FI G- 11. Herein,

84
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counted down one by one in each DAC cycle. Mre spe- cifically, the address
counter 52[err] counts down fromad- dress B-1 to address A in connection
wth the storage area for the sound effect EF1l; the address counter 522
counts down fromaddress C-1 to address B in connec- tion with the storage
area for the sound effect EF2; the address counter 523 counts down from
address D-1 to address Cin connection with the storage area for the sound
ef fect EF3; the address counter 524 counts down from address E-1 to address
D in connection with the
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. sthorage area for the sound effect EF4; and the address counter 52[err]
count’s down from address F to address E. A nuneral 54 denotes a
~eounter which is con- figured as simlar to the foregoing counter 39 shown
in FIG 9. Mre specifically, the counter 54 counts the nunber of clocks
[err], each of which has the predeter- mined period and is generated from
the clock generating circuit, so that the count value thereof is changed
fromO to 255 within 1 DAC cycle When t he coun%zvalue reaches 255, the

counter 54 outputs a carry-out signal =
)
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“GA.*which is supplied to each of the address counters 52[err] to 52[err]
respéctively corresponding to the sound ef- fects EF1 to EF5. '

- Every tinme the carry-out signal CAis outputted fromthe counter 54 by each
DAC cycl e, each of the ad- dress counters counts down its count val ue by
one. Wen the next carry-out signal CAis outputted after the count val ues
of the address counters 52[err], 52[err], 52[err], 52[err] and 525
respectively reach their last values A, B, C, D and E, the count values are
respectively returned to their
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il

every tinme the carry-out

dress count ers countThis SkeétrHaks BeenR
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E-1 and F. Thereafter,
55 denotes a decoder which re-:

CG1, D1,
‘A nuner al :
count value outputted fromthe counter

sigral CA i's supplied, each of the ad-

.» Fiwst val ues B- 1,
+by one.
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54_ Thi s decoder 55 deco - value into the sane’
“#ecodedval ue as |ong asthe 8-bit count value belongs to a predeternined
~_range. For exanple, the deThicfideHaBeeORépRLEds--a first decoded val ue when the

*“count. value belongs to a fi mmmmﬁmﬂnn«\een 0 and 55; the de- coder 55

out puts a second decoded val
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> count val ue bel ongs to a second range between 56 and 111; the decoder 55 -
eélputs a third decoded val ue when the count val ue belongs to a third range
betmeen 112 and 135; the decoder 55 outputs a fourth decodedval ue when the
"tount val ue bel ongs to afourth range between 136 and 159; and the decoder
55 outputs a fifth decoded val ue when the count value belongs to a fifth
range be- tween 160 and 255. In response to each of the above- mentioned
five decoded val ues, a selector 56 selects one of the count val ues
respectively outputted fromthe
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address counters-52[err] to 52[err]. More specifically, the
selector 56 selectlvely outputs the count value of the address counter
S52[ern @Et%ﬂwcmdwlﬁcewal ue outputted fromthe counter 54 be- |ongs

to the aforene range between 0 and 55. Si-m-l-ar-y—the <0 Int
val ue :of i t he 52[err] is selectively ogg?"“ﬁmﬁuhﬁﬁuih

8- bi t;ount val ue be- ong to the second range bet eepg=56=grmd=TTI ™t he
count\va%ue of the address counter 523-ﬂs-se|ect|vel u‘~7pﬂgt§§nge t he
8-bit count value belongs to the third T

SOUND EFFECT IMPARTING APPARATUS

The present invention relates to a sound effect imparting
apparatus which processes audio signals, representing musical
tone signals, so as to impart several kinds of sound effects such
as a chorus effect and a reverberation effect to musical tones.

Accompanied ‘with a recent development in a technology for
the digital signal processing, several kinds of digital signal
processors (1.e., DSPs) are manufactured. Some of them can
effect several kinds of arithmetic operational processes to
digital signals inputted thereto by executing a plurality of
control programs. Besides, accompanied with a recent progress in

':manufacturing processes of semiconductor devices, it becomes easy
to obtain DSP-type LSI circuits.

In an advanced electronic musical instrument recently
developed, one SOund effect imparting circuitry which imparts a
single sound effect to the musical tone is configured.in form of
one block (called as an effecter block). A combination of those
effecter blocks (i.e., sound effect imparting apparatus) can be
equipped in a DSP-type LSI circuit.

The above-mentioned sound effect imparting apparatus has
been disclosed in Japanese Patent Publication No.1-19593. which
is filed by the present applicant. According to this apparatus,
algorithmic structures corresponding to a digital filter and a
reverberation sound forming circult are configured in one
sampling period of digital musical tone data in a time-sharing
manner under instructions of control programs to be executed.

Then, a modulation effect and a reverberation efTe




range between-112 and 135; the count value of the ad- dress counter 524 is
sel ectively outputted when the 8-bit count value belongs to the fourth

range between aS_LI;E@nRéwbetdher t he count value of the address counter
52[err] is sele d when the 8-bit count val ue be_,_Qngs he
fifth range bet As described h

addresses used in the e ay M48 showmn in FIG 8 ar a a

del ay address generating portion 57 whi éh=i s confi g-

regi ster

latch circuit 49, gate 50,
respectively imparted to the musical lone data in a time-sharing manner

of the above publication describe that different sound effecté‘ can be im

same musical tone data in parallel.

The above-mentioned sound effect imparting apparatus can respond five cases: a first
case where the modulation effect is only imparted to the musical tone data; a second
case where the reverberation effect is only imparted to the musical tone data; a third
case where the reverberation effect is imparted to the musical tone data aftgr
imparting the modulation éffect; a fourth case_where the modulation effect is imparted
to the musical tone data after imparting the reverberation effect; and a fifth case
where the modulation effect and reverberation effect are respectively'imparted to the
musical tone data in parallel. The above apparatus, however, can merely perform five
kinds of sound-effect imparting operations. ln'short. thé conventional apparatus has a
drawback in that the number of the sound effects to be imparted to the musical tone

data is restricted.

US-A-5 081 898 discloses an apparatus for generating musical sound control
parameters. The musical sound control parameters are supplied to a musical sound

generating apparatus for using them to generate musical sound by the musical sound

generating apparatus. The musical sound generating apparatus generates musical tones

to which effects are imparted, such as vibrato, tremolo and brilliance set by the effect
map setting device. Then the effect-imparted musical tones are processed by a digital

filter and a delay time modulation circuit.

itis an cbiéct of the present invention to provide a sound effect imparting apparatus
which is capable of imparting a variety of sound effects to the musical tones in a

variety of sound-effect imparting manners. “THIS SOEg T
BEEN
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adders 51, 53, and the address counter 52 and its pe-
REPLACENMENT SHEET - 27 -

This object is achieved by a sound effect imparting apparatus comprising:

musical tone generating means for genérating musical tone data;

program storing means for storing a plurality of programs each of which corresponds
to one of a plurality of sound effects capable of being imparted to musical tone data; and
program executing means for executipg at least one of the plurality of the programs so
as to impart at least one sound effect, corresponding to the at least one of the plurality
of programs, to musical tone data and/or audio data supplied thereto; the sound effect
imparting apparatus characterized by comprising: input means for inputting input
data, such as musical tone data and/or audio data, from an external device; and mixing
means, connected to the musical tone generating means, the program executing means
and the input means , for selecting and mixing at least one data from among the
generated musical tone data given from the musical tone generating means, the effect-
imparted musical tone data andfor effect-imparted audio data given from the program
executing means, and the input data inputted by the input means, wherein the program
executing means receives the data selected and mixed by the mixing means as the

musical tone data and/or audio data supplied thereto.

According to a fundamental configuration of the present invention, the sound effect
imparting apparatus comprises a progrard storing portion, a plurality of program

executing portions, a plurality of mixing portions and a mixing control
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ri pheral circuits 54 to 56. In the present enbodi nent,

read/ wite operations for the nusical tone data in the del ay
RAM 48 are controlled by the control codes out- putted from
the effect program nenory 22. As a result, the nmusi cal tone

data is witten into the del ay RAM 48
designated by the del ay address gener: , _ Fng ﬁ&ﬂﬁ
This musical tone data is del ayed by. a .edet- e elijay
time, in other words, the sound ef- factis
rever ber gorddoat.f efhei progpamt storing tportion is capallle § 59!'%@51@
Thereafter, the del ayed nusical tone

plurality of programs each corresponding to each of sound effect

to be imparted to the musical tone data. Each of the program
executing portions executes the programs, read from the program
storing portion, sequentially so as to impart a desired sound
effect to the musical tone data supplied thereto. Each of the
mixing portioﬁs is provided to be connected with each of the
program executing portions. Hence, each of the mixing portions
mixes external musical tone data, given from an gxternal device,
with a designated one of plural musical tone data which are
respecti#ely outputted from the program executing portions. The
mixing control portion designates the musical tone data which is
subjected to mixing operation in each of the mixing portions.
Thus, the musical tones to which desired sound effects are
imparted can be produced on the basis of output data of the

mixing portions.

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 diagram showing a whole configuration of
an electronic musical instrument employing a sound effect
imparting apparatus according to an embodiment of the present

~invention;

FIG. 2 1s a block diagram showing a conceptual configuration

of the sound effect imparting apparatus;

T l‘)) AT ey
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data is read out fromthe designated address of the de- | ay

RAM 48. _ In FIG 8, a nuneral 58 denotes

asel ect or hav- ing two input termnals, in which a first

i nput termnal "a" recei ves the del ayed nusical tone data

outputted from t he del ay RAM 48, whi |

termnal "b" re- - ceives the LFO data qﬂ%ﬂ%@% H‘fr%ﬁﬁg he

| ow f requency oscillato?45. In responsdto thecont cgdes

gi ven from the effect program menory {23, it 4Bt 'B f

i nput data I's selectively outputted fr n1the selectol §8.
FIG. 3 is a timing chart showing an ex

timings of'the sound effect imparting apparatus;
FIG. 4 is a block diagram showing an algorithmic

- configuration for a sound effect EF1l which is computed by a main

portion of the sound effect imparting apparatus in a time-
division manner;

FIGS. S(A) to 5(D) are block diagrams showing algorithmic
configurations for sound effects EF2 to EFS respectively:

FIGS. S5(E) and S(F) are block diagrams showing algorithmic
configurations regarding outputting opefations of the sound
effect imparting apparatus;

FIG. 6 is a block diagram showing a detailed configuration
of a mixer shown in FIG. 2;

FIG. 7 is a storage map of a mixer RAM shown in FIG. 6;

'FIG. 8 is a block diagram showing a detailed configuratfbn
of a sound-effect operation portion shown in FIG. 2 and its
peripheral circuitéﬁ

FIG. 9(A) is a block diagram showing periphéral circuits of
a LFO register shown in FIG. 8; |

FIG. 9(B) is a timing chart showing operation timings of the
circuitry shown in FIG. 9(A);

FIG. 10(A) is a storage map of the LFO register:;

FIG. 10(B) is a storage map of a coefficient register shown
in FIG. 8;

FIG. 10(C) is a storage map of an address register shown in
FIG. 8; ‘

FIG. 11 15 a storage map of a delay RAM shown in FIG. 8;

This Sheet Has Been Replaced THIS SHEET HAS BREN




Inciden;ally, when the pitch nodulation is ef- fected to

, part of the LFO dat a
(S|fg§ as decinmal data) is supplied to the
seco eéﬁ;s eenelg faefi "b" of the selector 58. When
anpl nis effected to the nusical tone
t he ' -““”swtch

|nt egral data is gu&ol_i ed. A
betmeen the deC|naI data and integral data is
speci al data, representing the kind of the

Sgagfggda {gﬁkgga?}lEAEPEAﬁingaﬁfhgram showing periphera circu?ggegglan

address counter;

qoﬂﬁkdﬁﬁ d b
nodul ati on

FIG. 13 is a block diagram showing peripheral circuits of a

temporary RAM 59 shown in FIG. 8;
| FIG. 14 is a storage map of a temporary RAM 63;

FIG. 15 is a block diagram showing a detailed configuration
of an address producing portion shown in FIG. 2 which is
connected with an effect program memory:;

- FIG. 16 is a storage map of a head address register shown in
FIG. 15:'

FIG. 17 shows storage maps of the effect program memory and
'a head address ROM;

FIG. 18 is a flowchart showing a main routine whose
processes are performed by a CPU shown in FIG. 1;

FIG. 19 is a flowchart showing a routine of tone-color
changing process;

FIG. 20 is a storage map of a tone color memory:

FIG. 21 is a flowchart showing a routine of mouse process;

FIG. 22 shows an example of a graphic pattern which is
displayed on a display screen of a display unit shown in FIG. 1
in connection with the sound effect EFl;

FIG. 23 shows an example of a graphic pattern which is
displayed in connection with the sound effect EF2;

FIG. 24 shows an example of a graphic pattern which is
displayed in connection with the sound effect EF3:

FIG. 25 shows an example of a graphic pattern which is
displayed in connection with the sound effect EF4;

FIG. 26 shows an example of a graphic pattern which is

THIS SHERT HAS BEEN
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the designated wite timng, output data of the selector 58
IS witten into the tenporary RAMat its wite address

desi gnat ed—by—the—controt—codes gi ven fromthe effect

program nenory 22. At the designated read tinmng, the e T &
t enpor ari | y ThisGhestids Been®Rgplackd om t he t enporary RAM HEPEACERIERT r“g‘gﬁﬁ
read address the control codes giv- I en f50d1
the effect pr 2. =71~ \ 47 jut 153

‘\

displayed in connection with the sound effect EFS;

FIG. 27 shows an example of a graphic pattern which is
displayed in connection with the output operations of the sound
effect imparting apparatus;

FIG. 28 is a storage map showing specific areas. each
storing image information, which are formed in a ROM shown in
FIG. 1 '

FIG. 29 shows an example of a graphic pattgrn'which is used
to conceptually display a line connection among predetermined
sound effects selected in the sound effect imparting apparatus;

FIG. 30 shows a storage map of a fundamental data ROM;

FIG. 31 shows a graphic pattern which is used to change
effect parameters with respect to the sound effect EF1;

FIGS. 32 and 33 are timing charts each showing several kinds
of operation'fimings at which mixiné operations and/or
computation are sequentially carried out;

FIG. 34 is a block diagram showing a configuration of a
chorus-effect imparting portion;

FIGS. 35(A) and 35(B) are graphs showing examples of low-
frequency-oscillation waveforms; and

FIGS. 36 to 38 are drawings showing the contents of
operational steps of effect programs which are executed when
imparting the chorus effect to the musical tone data by the

chorus-effect imparting portion shown in FIG. 34.

Now., an embodiment of the present invention will be

described by referring to the drawings.

THIS SHEET HAS BEEN
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- 28- FIG 13 is a bloc d| gran1shomnng the tenpo- rary RAM 59

and its peripheral circuits in de acedt or age area of the
tenporary RAM 59 is divided |nto f ctlvely corresponding to
t he sound

£
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[A] Whole Configuration of Electronic Musical Instrument

Fig. 1 1s a block diagram showing a whole COR
an electronic musical instrument which employs a sound effect
imparting apparatus according to an embodiment of the present
invention. In FIG. 1, a numeral 1 denotes a central processing
unit (i.e., CPU) which controls several kinds of circuit portions
in the electronic musical instrument. A numeral 2 denotes a
read-only memory (i.e., ROM) which stores several kinds of
contfol programs to be loaded b& the CPU 1 and also stores
several kinds of data to be used for the control programs. A
numeral 3 denotes a random-access memory (i.e., RAM) in which a
tone-color-data storing area, a working buffer and the like are
provided. This RAM 3 1is coupled with a battery backup system, so
that even if the power is down, the data can be retained.
Incidentally, detailed configurations of the ROM 2 and RAM 3 will
be described later. _

A display unit (or visual display terminal) 4 employing a
liquid-crystal display screen is capable of visually displaying
the contents of data given from the CPU 1 by means of a CPU bus §
and a display interface 6. Further, a numeral 7 denotes a mouse
which is moved around by a performer (i.e., a person who pefforms
the electronic musical instrument) on a flat table by a desired
distance in a desired direction. So, the mouse 7 produces mouse
data corresponding to the moving distance and moving direction
thereof. The mouse data is transferred to the CPU 1 through the
CPU bus 5 and a mouse interface 8. Thus, a cursor displayed on
the display screen of the display unit 4 1s moved in response to
the moving distance and moving direction of the mouse 7.

| “TH1S SHEET HAS
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effects EF1 to EF5. A counter 60 is confjqured as simlar to the foregoing
counters 39 and 54 shown in FIGS. 9 and ﬁ
a

© eemBaplatédcal | y, the counter
60 counts the nunber of clocks [err], e ” ﬂ the predeter- m ned
period and is generated by the clock gen , so that the count
val ue thereof is changed fromO to 255 within 1 DAC cycle. A
decoder 61 decodes an 8-bit count valuejout- putted fr
as to produce 3-bit data. This 3-bit .dafais fixed as
count val ue

REFLASEY R
y7 w1097

Meanwhile, a numeral 9 denotes a tone-color switching unit
providing a plurality of switches corresponding to the tone
colors of the piano, guitar, organ and the like. By operating
the tone-color switching unit 9, it is possible to select desired
one of the tone colors. Data representing an operating state of
each of the switches is transferred to the CPU 1 by means of a
tone-color switching interface 10 and the CPU bus 5.

In addition, a keyboard unit 11 consists of a plurality of
keys. This keyboard unit 11 providés a mechanism which detects
key-depression/release events occurred in each of the keys so as
to detect a key-depressing velocity and a key—releasing_velocity
with respect to each of the keys. The keyboard unit 11 produces
signals representing the key-depression/release events, key-
depressing velocity and key-releasing velocity. A keyboard
interface 12 creates key information, fepresenting the tone
pitch, key-depressing velocity and the like, on the basis of the
signals given from the keyboard unit 11. The key ihformation is
transferred to the CPU 1 through the CPU bus S.

Further, a numeral 13 denotes a sound source circuit
providing a plurality of tone-generation channels. This sound
source circuit 13 is controlled by musical tone parameters,
representing tone color data and the like, which are supplied
from the CPU 1 through the CPU bus 5. The sound source circuit
13 is designed such that it is-capable of simultaneously
producing a plurality of musical tone data responsive to the
musical tone parameters. If one musical note is sounded by use

of the piano sound and guitar sound, two tone-generation channels
THIS SURET HAS BEEN
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bel ongs to a predeterm ned range. Mrre specifically 3-bit data "000" is

ouLpuLLed—Mheﬂ—%he—S'bit count val ue belongs to the first range between 0

and 5

the

dat

ﬁﬁﬁ ﬁﬁi
range between 136 and 159; and 3- bi t dd% ™ 100" is out- put teg whenisghe
8-bit count value belongs to the fifth .

"001" is outputted when the 8-bit count val ue belongs to
ween 56 and 111; 3-bit data "010" iQ—QH%puf%eq-mhenRrWe
miﬁel ongs to the third range between 11} RERLACSEIEN - BilkE

putted when the 8-bit count val ue beliongs—to-tte™ToUfth

independently output two musical tone data respactixely
representing the piano sound and guitar sound.
Moreover, a numeral 14 denotes a sound effect imparting

apparatus which is designed to impart a plurality of sound
effects such as the chorus effect and reverberation effect to a
plurality of musical tone data outputted from the sound source
circuit 13. An input terminal unit 15 provides two input
terminals, through which several kinds of musical tone signals
given from an external device (not shown) can be entered. An
analog-to-digital converter (i.e., A/D converter) 16 converts the
analog external-musical-tone signals, given_from the external
device through the input terminal unit 15, into digital external-
musical-tone data, which is supplied to the sound effect
imparting apparatus 14. Furthermore, a sound system 17 contaips'
a digital-to-analog converter (i.e., D/A converter) which
converts the digital musical tone data, outputted from the sound
effect imparting apparatus 14, into the analog musiéal tone
signais. In the sound system 17, a predetermined filtering
process and a noise eliminating process are carried out on the
analog musical tone signals; and then, the musical tone signals
are amplified. Thus, speakers connected with the sound system 17
will produce the corresponding musical tones.
(B] Detailed Configuration of Sound Effect Imparting Apparatus

| FIG. 2 is a block diagram showing a conceptual configuration
of the sound effect imparting apparatus 14. In FIG. 2, a mixer
18 recelves musical tone data outputted from the sound source
circuit 13 shown in Fig. 1 as well as the external musical tone
data, outputted from the A/D converter 16, and a plurality of

THIS SHEFY HAS BEEN
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range between 160 and 255. The 3-bit data outputted fromthe decoder 61 is
used as first three bits (or signif- icant three bits) of 7-bit address
data supplied to the tenporary RAM 59. In each of five areas of
the tenporary RAM 59 respectively corresponding to the sound effect
EF5, the above-nentioned 3-bit data outputted fromt
witten into the addresses correspond- ing to the fi
t he ot her addresses cor- respondi ng -0 klemai ned four
a

b§%§ are desjgnat¢d b
W, AhP y

‘ L.

musical tone data outputted from an sound—eff%ct o?iiifigg————-"J

portion 19. Herein, the musical tone data 1s given as serial

data, whereas the maximum number of the musical tone data
outputted from the sound source circuit 13 1is set at four, and
the number of the ekternal musical tone data (given as the serial
data) outputted from the A/D converter 16 1Is set at two. The
sound-effect operation portion 19 performs arithmetic operations
(and/or logical operations) on the input data thereof so as to
output the musical tone data to.- which several kinds of sound

~ effects have béen imparted. On the basis of mixing information
given from a mixing information supply portion 20, the mixer 18

- selects some of the musical tone data supplied thereto so as to
mix them together.

| Meanwhile, the sound-effect operation portion 19 receives
five kinds of effect programs from a effect program#memory 22,
wherein those effect programs are carried out to impart the sound
effects to the musical tone data. Within one sampling period
(hereinafter, referred to as 1 DAC cycle) of the D/A converter
equipped in the sound system 17 shown in Fig. 1, the sound-effect
operation portion 19'performs the effect programs in a time-
division manner on a plurality of musical tone data mixed
together by the mixer 18 on the basis of effect parameters given
from an effect parameter supply portion 21. The above-mentioned
five kinds of sound effects are‘respectively denoted by numerals
EF1 to EFS5.
As for each of the sound effects EFl, EF2 and EF5, the

sound-effect operation portion 19 produces one wet musical tone

THIS SHEET HAS BEEN
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part of the control codes outputted fromthe effect pro- gram nenory 22 so
t hpdis ShbeHBepiRepll@ia of the sel ector 58 shown in FIG 8 are witten into

T

- 12 -

data with respect to each of left and right chanmelrs—Heretm,—
the term "wet musical tone data" represents the musical tone data
to which the sound effect has been already imparted. Now,
operation data EXiL for a left-channel sound effect EFlL and
operation data EX1R for a right-channel sound effect EF1R are
produced with respect to the sound effect EF1l; operation data
EX2L for a left-channel sound effect EF2L and operation data EX2R
for a right-channel sound effect EF2R are produced with respect
to the sound effect EF2; operation data EXSL for a left-channel
sound effect EFSL and operation data EXS5R for a right-channel
sound effect EFSR are produced with respect to the sound effect
EFS. On the other hand, only one channel 1is preset for each of
the sound effects EF3 and EF4, so that the sound-effect operation
portion 19'produces one ﬁet musical tone data corresponding to

" one channel with respect to each of the sound effects EF3 and
EF4. More specifically, operation data EX3 is produced with
respect to the sound effect EF3, while operation data EX4 1is
produced with fespect to the sound effect EF4. Thus, the sound-
effect operation portion 19 produces and outputs a plurality of
wet musical tone data corresponding to eight channels in total.

The effect program memory 22 store§ the effect programs

corresponding to a plurality of sound effects. According to
manual operations applied to the mouse 7, a sound-effect
designating portion 24 can designate five sound effects within a
Plurality of sound effects which have been preset in the effect
program memory 22. In the effect program memory 22, a certain

head address 1s related to each of the effect programs. So, the

ddress

THIS SHETLT HAS BEEN
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- 29- accordance with a timng at. which a wwiteTﬁg ngkséepre-

sented by another part of the control codes, is supplied ced
tenporary RAM 59. On the other hand, in each ar ea“um“lmu ,
tenporary RAM 59, the first three bits rep- resen [

data of the decoder 61 are read out fromtheir addresses, while
the remai ned four bits are _ ffqg out fromth
designated by a part of the . REPLACEMENT SHEET

=

Dj w1897

in connection with'each effect program to be (designated.

Therefore, five head addresses corresponding}fsﬂfive sound
effects designated by the sound-effect designating portion 24 are
transferred to an address producing portion 23. On the basis of
each head address given from the sound-effect designating portion
24, the address producing portion 23 produces the read addresses
for the effect program corresponding to each sound effect
designated. Such operation for producing the read addresses 1is
repeatedly carried out with respect to egch of five head
addresses within 1 DAC cycle. Thus, during 1 DAC cycle, it is
" possible to produce all of the read addresses for five effect
programs corresponding to five sound effects designated. 1In
accordance with the read addresses given from the address
producing portion 23, five effect programs are sequentially read
from the effect program memory 22; and then, those effect
programs are supplied to the sound-effect operation portion 19.
An example of operating timings of the sound-effect
operation portion 19 is shown by FIG. 3(b). More precisely, eaéh
of those operatiné timings designates an input timing at which
the effect program 1is inputted into the sound-effect operation
portion 19. The details of those q1h1ngs willl be described
later. In the present embodiment, 1 DAC cycle is constructed by
two hundreds and fifty six operational steps, which are
respectively designated by operational step 0 to operational step
255. 1Incidentally, one operational step corresponds to an
operation time in which one confrol code of the effect program.is
processed. As described before, the sound-effect operation
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control codes outputted fromthe effect ra

ory 22 in
accordance with a timng at which a read ‘ aQEmanmmmi represgnted by
anot her part of the control codes, is sup- ‘III“HLII ied to the
tenporary RAM 59. The above-nenti oned |te operations are
performed within 1 DAC cycle. As sim | grtothe ~
af orenenti oned tenporary RAM 59 and its periph r BEPIAGEMARTS 7 FEY
tenporary RAMs 62" and 63 ddown in FIG 8 and thjii:iiii?heralq
circuits are configured. Incidentally, a part f it he rusi: cal :
tone data read fromthe tenporary RAM 63 is sugpljied to the
fore- T

portion 19 is designed to deal with five sound effects EF1 to EFS

within 1 DAC cycle. Incidentally, the size of the program
corresponding to each of five sound effects EFl1 to EF5 is fixed.
More specifically, fifty six operational steps are carried out
with respect to the sound effect EF1l; fifty six operational steps
are carried out with respect to the sound effect EF2; twenty four
operational steps are carried out with respect to the sound
effect EF3; twenty four operational steps are carried out with
respect to the sound effect EF4; and ninety six operational steps
are carried out with respect to the sound effect EFS.

As shown in FIG. 3(b), a data processing fqr the sound
effect EF1 is carried out by operational stgp 0 to operational
step 55; a data processing for the sound effect EF2 is carried
out by operational step 56 to operational step 11ll; a data
procéssing for the sound effect EF3 is carried out.by operational
étep 112 to operational step 135; a data processing for the sound
effect EF4 1s carried out by operational step 136 to operational
step 159; and a data processing for the sound effect EFS is
carried out by oﬁerational step 160 to operational step 255. All
of the above-mentioned data processings for the sound effects EF1
to EFS are carried out within 1 DAC cycle.

Each of FIGS. 4 and 5(A) to S5(F) shows a conceptual
configuration representing a relationship between the mixer 18
and the sound-effect operation portion 19 which are activated in
a time-division magner in connection with each of the sound
effects EF1 to EFS. In the block diagrams shown by those
drawings, numerals MIXI1 to MIXI6 denote pre-stage mixing
portions. each of which is provided in a éégﬂggﬁr'1u “Bffij
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—_—
goi ng input termnal "b" of the selector 28 shomn in FIG 6.
FIG 14 shows an exanpl + of the tenporary RAM
63. The tenporary RAM 63 re- ',!!!I”," |ves fourteen kinds of nusical
tone data froma sel ec- (see FIG.‘g{* al |y,
t he tenporary he m xed F&'—é@ﬁﬁkﬁﬁfﬁ@ﬂ

t he sound effect portion EFl, operation a EXIL and

EXIR outputted fromthe sound effect.-pasti-on EF1, 17 JUhi'®8Y gada
EM2 inputted to the sound effect portion

corresponding. one of sound effect portions EF1 to EFS; numerals
MIX01 to MIX0S denote post-stage mixing portions, each of which
.1s provided in a post-stage of each of sound effect portions EF1l
to EFS; numerals MIXO7 and MIX08 dencte output-stage mixing
portions which are respectively provided in output stages for the
left and right channels. Among them, each of Ehe pre-stage
mixing portions MIXI2 to MIXI6 and the output-stage mixing
portions MIX07 and MIX08 has the same EOnfiguration of the pre-
stage mixing portion MIXIl1l; hence, the detailed illustration
"thereof 1is omitted in FIGS. 5(A) to 5(F).

In' the pre-stage mixing portion MIXI1l shown in FIG. 4,
numerals MLT, MLT, ... denote multipliers each having a
multiplication coefficient which is controlled by multiplication
coefficien; data given froﬁ the mixing information supply portion
shown in FIG. 2. Each multiplier MLT multiplies each musical
tone data by each multiplication coefficient. A numeral GT
denotes a gate circuit in which fourteen switches are arranged in
parallel. Each switch is controlled to be turned on or off in
response to a switching signal corresponding to switch-on/off
control data given from the mixing information eupply portion 20.
A numeral ADD deﬁotes an adder which receives a plurality of
musical tone data through the gate circuit GT so as to add them
together. _

In the post-stage mixing portion MIX0l1 shown in FIG. 4,
numefals MLT1 to MLT4 denote multipliers each having a
multiplication coefficient which- is controlled by the

multiplication coefficient data given from the mixing information

THIS SHEET HAS BEEN
REPLACED




EF1, operation data EX2L and EX2R, m xed data EM 'inputted to

the sound ef f ectTh { ldpg BemReplapgdr at | on dat a EX3 out putted from
t he sound effect "i u tﬂ]l“ixed data EMA inputted to the
sound effect port eration dath tgﬂ% rpm

[ EF ' E@E%ﬂéggﬁgﬁé IE&

the sound effect portion 4, m xed data , ujted
to the sound effect portion EF5, operatiop data EXS5L &ﬁp EXBR
out - putted fromthe souwtd ¥ fect portion| EF5 1 tnlith 189

shown in FIGS. 4and 5(A) to 5(D). In this case, five kinds , f

the 3-bit data outputted fromthe decoder 61 shown

supply portion 20. In FIG. 4, "EML" denotes mixed data,
outputted from the pre-stage mixing portion MIXI1l, which is
supplied to the sound effect portion EFl1l. In the sound effect
portion EFl, a predetermined sound effect is applied to the mixed
data EM1l, resulting that the aforementioned operation data EXI1L
and EX1R are produced in connection with the left-channel sound
effect EF1L and right-channel sound effect EF1R. The multiplier
MLT1 multiplies the mixed data EMi bj its multiplication
coefficient; the multiplier MLT2 multiplies the operation data
EX1L by its multiplication coefficient:; the multiplier MLT3
multiplies the operation data EX1R by its'multiplication
coefficient; and the multiplier MLT4 multiplies the mixed data
EM1 by its multiplication coefficient. Then, an adder ADD1 adds
results of the multiplications respectively performed by the
multipliers MLT1 and MLT2, while an adder ADD2 adds results of
the multiplications respectively performed by the multipliers
MLT3 and MLT4. Incidentally, the other post-stage mixing
portions MIXO2 to MIXOS shown in FIGS. 5(A) to 5(D) are
configured as similar to the post-stage mixing portion MIXO1l
shown in FIG. 4. The multipliers and one or two adders éontained
in each of the post-stage mixing portions MIX02 to MIX0OS are
designed to function as similar to the multipliers MLTL to MLT4
and adders ADD1 and ADD2 provided in the post-stage mixing
portion MIXOL. Numerals or symbols used for each of the block
circuits shown in FIGS. 5(A) to 5(D) are determined as similar to
those of the block circuit shown in FIG. 4.

As described before, maximum four serles of musical tone

data (i.e., maximum four series of serial data) %ﬁﬂ9§'B§F;EE¥EEE§—
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in FIG 13, i "000", "001", "O010, "011" and "100", are
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from the sound source circuit 13, while two Sertes T éxternal
musical tone data (i.e., two serles of serial data) are outputted
from the A/D converter 16. The above-mentioned serial data are
supplied to a serial-to-parallel converter 25 (see FIG. 8), in
which those serial data are converted into parallel data. More
specifically, the four series of musical tone data are
respectively converted into data ID1 to ID4, while the two serles
of external musical tone data are respectively converted into

data GD1 and GD2. Those data ID1 to'ID4 and GD1, GD2 are

‘inputted into the pre-stage mixing portion MIXI1. In addition,

other musical tone data E10L, E10R, E20L, E20R, E30, E40, ESOL
and ESOR are also inputted into the pre-stage mixing portion
MIXI1. The othgr pre-stage mixing portions MIXI2 to MIXI6 and
the output~stage mixing portions MIX07 and MIXO08 are designed.as
similar to the above-mentioned pre-stage mixing portion MIXI1.

As shown in FIGS. 4 and 5(A) to S(D), the data E10L and EiOR-
are outputted from the post-stage mixing portion MIXOl; the data
E20L and E20R are outputted from the post-stage mixing portion
MIX02; the data E30 is outputted from the post-stage mixing
portion MIX03; the data E40 is outputted from the post-stage
mixing portion MIX04; further, the data ES0L and ES0R are
outputted from the post-stage mixing portion MIX0S5. The pre-
stage mixing portions MIXI1 to MIXI6 respectively output the
mixed data (i.e., dry musical tone data) EM1, EM2, EM3, EM4, EMSL
and EMSR. Herein, the term "dry musical tone data” represents
the musical tone data to which the sound effect is not imparted.

The mixed data EM1 outputted from MIXI1 is provided for the sound

THIS SHEET HAS BEEN
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used as wite addresses for the first three bits in con-

are sequentlally stored in fourteen addresses of the

nection with the
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8, latch circuits 64 and 65 .are provided to tenpgr

h10r €3y he
tone data which are re-
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effect EF1l; the mixed data EM2 outputted from MIXIZ is provided

for the sound effect EF2; the mixed data EM3 outputted from MIXI3
is provided for the sound effect EF3; the mixed data EM4
outputted from MIXI4 is provided for the sound effect EF4; the
mixed data EMSL outputted from MIXI5 is provided for the left-
channel sound effect EFSL; and the mixed data EMSR outputted from
MIXI8 is provided for the right-channel sound effect EFSR.
Further, the sound effect portions EF1 to EF5 respectively output
the operation data (i.e., wet musical tone data) EX1L, EXIR,
EX2L, EX2R, EX3, EX4, EXS5L and EX5R. Herein, the operation data
EX1L and EX1R are respectively outputted from left-channel and
right-channel terminals EF1L and EF1R of the sound effect portion
EFl; the operation data EX2L and EX2R are respectively outputted
from left-channel and right-channel terminals EF2L and EF2R of
the sound effect portion EF2: the operation data EX3 is outputted
from the sound effect portion EF3; the operation data EX4 is
outputted from the sound effect portion EF4; further, the
operatibn data EXSL and EXSR are respectively outputted from

| left-channel and right-channel terminals EF5L and EF5R of the

sound effect portion EF5. The above-mentioned dry musical tone
data and wet musical tone data are well mixed together to achieve
a predetermined effect balance in each of the post-stage mixing
portions MIX0l1 to MIXOS.

The musical tone data E10L corresponds to the left-channel
sound effect EF1L, while the musical tone data E10R corresponds
to the right-channel sound effect EF1IR. Similarly, the musical

tone data E20L corresponds to the left-channel sound effect EF2L,

while the musical tone data E20R corresponds to
THIS SHEET HAS BEEN
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spectively read fromthe tenporary RAMs 9 ac ordance with the
control codes contained in the ef- fect omthe effect
program nmenory 22. A nuneral 66 denotes |nq five input—ters
mnals, in which a first input termnal " L&@MEWFMSHEETa
outputted fromthe latch circuit 65; a second |nput ter b reeet

the nusical tone data outputted fromthe latch circuit 6 ; hdlvgwﬂ
terminal "c" receives a data value ™12 & fourth i nput ter Aé? ’ﬁL >

1

receives a data value "0"; and a fifth input termnal "e" -

o

sound effect EF2R: the musical tone data E30 corresponds to the
sound effect EF3; the musical tone data E40 corresponds to the
sound effect EF4; the musical tone data ESOL corresponds to the
left-channel sound effect EFSL, while the musical tone data ESOR
corresponds to the right-channel sound effect EFSR.

Thus, the aforementioned data ID1 to ID4 and GD1, GD2 are
mixed together by a predetermined mixing rate so as to produce
the mixed musical tone data. Then, several kinds of sound
effects are combined together, so that combined sound effects are
imparted to the mixed musical tone data. Incidentally, a mixing
ratio by which the data ID1 to ID4, GD1, GD2, E1OL, E10R, E20L,
E20R, E30, E40, ESOL and ESOR to be supplied td the pre-stage
mixing portion can be controlled by use of the mouse 7. In
addition, a selection of the sound effects EFl to EFS and a
combination of them can be also controlled by use of the mouse 7.
Incidentally, the CPU 1 works responsive to the operation of the
mouse 7. The details of the operation of the mouse 7 and the
operation of the CPU 1 will be described later.

FIG. 6 is a block diagram showing a detailed configuration
of the mixer 18. This mixer 18 is designed to act upon an |
operation clock ¢ 1 which corresponds to a clock ¢4, having a
predetermined period (i.e., 1/256 of 1 DAC cyclé). generated from
a clock generating circuit (not shown). The above operation
clock %1 is obtained by dividing a frequency of the clock ¢ o by
"2". The reason why the period of the operation clock is set
longer is to reduce a size of circuitry of a multiplier portion

29; In FIG. 6, the serial-to-parallel converter 25 receives the
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receives the coefficient data out utted fromthe coeffi- cient register

46. I n accordance with the co eet: éBsechplhqadltted fromthe effect program
menory 22, the se- |ector 66 s puts one of five input data
there- of. A sel ect or ut term naf ck

I nput termnals "a", "b" and "c" respec |ve receive qt%gphgéﬁ@ngﬁ%&g{
data outputted fronlthe tenporary RAMs_, 63, 62 and 59, 'e a remal ne

input ternminal "d" receives a data val®#® =1". In accordancé i ke, 9%

maximum four series of serial musical tone data, outputted from
the sound source circuit 13, as well as the two series of serial
external-musical-tone data, outputted from the A/D converter 186,
so as to convert them into parallel data, 1;e.. ID1 to ID4 and
GD1, GD2.

A selector 26 has two input terminals "a"™ and "b". The'
above-mentioned data ID1 to ID4 and GD1, GD2 are supplied to the
input terminal "a".of the selector 26, while the aforementioned
musical tone data E10L, E1OR, E20L, E20R, E30, E40, ES0L and ESOR
to be outputted from a delay circuit 32 are also supplied to the
input terminal "b" of the selector 26. In response to the
control codes outputted from the effect program memory 22, the
selector 26 selects one of the input terminals "a” and "b" so as
to eventually output a set of the data applied to the selected
terminal.

A numeral 27 denotes a mixer random-access memory (i.e.,
mixer RAM) which can store fourteen kinds of data, i.e., ID1 to
ip4, GD1, GD2. E10L, E10R, E20L, E20R, E30, E40, ESOL and ESOR at
address 0 to address 13 respectively as shown in FIG. 7. A
numeral 27a denotes a latch portion attached with the mixer RAM
27. This latch portion 27a is provided to adjust output timings
for the data to be read from the mixer RAM 27. 1In order to do
so, the latch portion 27a temporarily retains three data which
are firstly outputted from the mixer RAM 27.

A selector 28 provides two input terminals "a" and "b".
Herein, the data which are outputted from the mixer RAM 27

through the latch portion 27a are supplied to the input terminal

"a" of the selector 28, while the musical tone d%@ﬁ”b@?ﬁgt?@éBEEN
LEPLLACED




control codes outpytted fromthe effect programmem ory 22, the selector
67 sel ectively out gatsh s SeenReplaced | nput data thereof. A nultiplier 68
perfornms a multipli , " ne out put data of the.selectors 66 and 67.

A selector69 has f al's, in which a firsk AEPOACEMERT TGHRRT | @
receives the nusical tone data to be out put- N
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from the aforementioned sound-effect 6peration portion 19 is
supplied to the input terminal "b" of the selector 28. In
accordance with the control codes outputted from the effect
program memory 22, one of the input términals of the selector 28
is selected so that the data applied to the selectéd terminal is
eventually outputted to the-multiplier portion 29. The
multiplier portion 29 has one or more multiplication
coefficients, which are controlled by the multiplication
coefficient data outputted from the mixing information supply
portion.zo (see FIG. 2). Thus, the multiplier portion 29
multipiies the data outputted from the selector 28 by the
multiplication coefficients. This multiplier portion 29
corresponds to the aforementioned multipiiers MLT and MLT1 to
MLT4 shown in FIGS. 4 and 5(A) to 5(D). The multiplier portion
29 is designed to perform one multiplication in the duration
corresponding to two clocks ¢11.' As a result, yhe data supplied
to the multiplier portion 29 is eventually delayed by a certain
delay time corresponding to four clocks ¢ o in total.

A numeral 30 denotes a gate having two input terminal, in
which a first input terminal receives the switch signal
corresponding to the switch data outputted from the mixing
information supply portion 20, while a second input terminal
receives output data of the multiplier portion 29. When the
switch signal is set at "1", the gate 30 is turned on so that the
outbut data of the multiplier portion 29 is outputted therefrom.
The gate 30 corresponds to the aforementioned gate circuit GT

shown in FIG. 4. Moreover, an adder 31, the delay circuit 32 and
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a gate 33 are assembled together to form an accumulator. Herein,

an output of the adder 31 is supplied to the delay circuit 32 in
which it is delayed by a certain delay time corresponding to one
clock ¢ ;: and then, a delayed output of the delay circuit is
supplied to the gate 33. The accumulator consisting of the
above-mentioned circuit elements 31, 32 and 33 corresponds to the
aforementioned adders ADD, 4DDl and ADD2 shown in FIGS. 4 and
5(A) to 5(D). A numeral 34 denotes a parallel-to-serial
converter which converts parallel musical tone data, outputted
from the delay circuit 32, into serial musical tone data. The
serial musical tone data are sequentially supplied to the
aforementioned sound system 17 shown in FIG. 1.

FIG. 8 is a block diagram showing a detailed configuration
of the sound-effect operation portion 19 and its peripheral |
circuits. In FIG. 8, parts identical to those shown in FIGS. 1
and 2 are designated by the same numerals:; hence, thé detailed
description thereof will be omitted. The aforementioned mixing
information supply portion 20 consists of a switch regisﬁer 35, a
parallel-to-serial converter 36, a volume register 37 and an
interpolator 38. Herein, the switch register 35 stores the
switch data controlling the on/off states of the gate 30 (see
FIG. 6) provided in the mixer 18, so that the switch register 35
outputs parallel switch data. The parallel switch data are
supplied to the parallel-to-serial converter 36 in which they are
converted into serial switch signals. The volume register 17
stores the multiplication coefficlent data controlling the

multiplication coefficients used in the multiplier portion 29

(see FIG. 6) provided in the mixer 18. The 1“F¢ﬁﬁg¥&&?¥}3§?§5§?‘
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"0". In accordance mnth the control codes outputted from t he

ef’ﬂht;(Sheetim peameptmd)r the sel ector 69 sel ec- tively outputs-
one data thereof. A numeral 70 denotes an
exc _ havi ng two i nput term ngbsr—+r—whith ‘“ﬂst
npu erntna : receives the data outputted ERﬂﬁ&ENEN§e$€E§ 69,
whi | e a second i nput ternlngé recei ves thd T olTOdES -
putted fromthe effect program nenory A nuner al WJUL? 11171897 otes
an adder having three input termnals, in ich afirst input
term nal receives an output of the nul-

interpolates the multiplication coefficlent data outputted from
the volume register 37.

The switch register 35 provides eight addresses, {.e.,
address 0 to address 7 which respectively correspond to the pre-
stage mixing portions MIXI1 to MIXI6 and the output-stage mixing
portions MIX07 and MIX08. At each address, there is provided a
storaée area which is capable of storing fourteen switch data
used for each mixing portion. The CPU 1 designates fourteen
switch data, so that the fourteen switch data are transferred to
the switch register 35 in which they are stored at the address
designated by the CPU 1. In accordance with output timings which
are determined responsive to a progress of operational steps to
be executed in the sound-effect operation portion 19, the
fourteen switch data are sequentially read out from each address
of the switch register .35.

The volume register 37 provides a plurality of storage areas .
each storing each of the multiplication coefficient data which
are used in the pre-stage mixing portions MIXI1 to MIXIS, the
post-stage mixing portions MIXO1l to MIXO05 and the output-stage
mixing portions MIX07, MIXO08 respectively. Therefore, one
multiplication-coefficient data transferred from the CPU 1 is
stored in each storage area, designated by the CPU 1, in the
volume register 37. In accordance with output timings which are
_determined responsive to a progress of operational steps to be
executed in the sound-effect operation portion 19, plural
multiplication coefficient data are respectively read out from

pPlural storage areas provided in the volume register 37.
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data of the selector 69 and nultiplier 68{in response to

contr ol

codes.
Meanwhile, a low-frequency-oscillator re%}ster (hereinafter],

simply referred to as a LFO register) 44 stores low-frequency
osclllation data (simply referred to as LFO data) which is
transferred from the CPU 1. The LFO data is used to control a
low-frequency oscillator (i.e., LF0) 45 which controls modulation
(representing the vibrato, tremolo and the like) to be applied to
the musical tone data. More specifically, the LFO data contains
several pieces of information representing a waveform of low-
frequency oscillator, a frequency of low-frequency oscillator, a
depth of low-frequency oscillation, a phase, a kind of modulation
(representing a pitch modulation or an amplitude modulation) and
the like. A coefficient register 468 stores data representing the
effect balance among the sound effects EFl'to EFS5, and it a;so
stores coefficient data representing filter coefficients which
are used to impart the sound effects, such as the reverberation
effect, to the musical tone data, for example. Those data are
transferred from the CPU 1 to the coefficient register 46.

An address register 47 stores delay address data which is
transferred from the QPU 1. In this case, a deiay RAM 43 1is
externally connected with the sound-effect operation portion 19
in order to control a delay amount applied to the musical tone
data when imparting the sound effect (e.g., reverberation effect)
to the musical tone data. This delay RAM 48 delays the musical
tone datalinputted thereto by a predetermined delay amount. The
above-mentioned deiay address data eorresponds to an address of
the delay RAM 48.

The above-mentioned LFO register 44, coefficient register 46

and address register 47 are assembled together to form the
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A nuneral 73 denotes a shifter which shifts the bit positions of

the output data of the addition/subtrac- tion circuit 72 by

pr edet er mi ned nunber of bits in re- sponse _to codes
outputted from the effect program nmenofy -ACEWEquSﬁ fkircuit
74 del ays rRRcibias Been Replaced  put of the shifter 7 % ngd del ay

time. A
| at ch circ4
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the sel ector

d output of_t delay circuit 74 is sg@bki Yeried to a
“Mﬂ“&“ﬂﬂﬂas t he tenporgsy RAM 62, lthe 17 l’ﬁ @ﬁ? iinplut
L ' tor 69 and the input terny- mal {'b" of
76 .

i
aforementioned effect parameter supply portion 21 shown in FIG.

2.

FIG. 9(A) is a block diagram showing the LFO register 44 and
its peripheral circuits in detail, while FIG. 9(B) is a timing
chart. In FIG. 9(A), a numeral 39 &enotes a counter which counts
a number of clocks ¢ g, each having a predetermined period, which
are generated from a clock generating circuit (not shown). More
specifically, the counter 39 counts the number of clocks ¢
within 1 DAC cycle, so thét its count value is changed from "O"
to "255“; Meanwhile, the CPU 1 supplies certain data, having a

- predetermined bit length, to a decoder 40 through tﬁe CPU bus 5.
That data corresponds to the address of the LFO register 44 which
is designated by the CPU 1. The decoder 40 decodes the data so
as to produce 8-bit address data and a write signal.

A numeral 41 denotes an AND gate having two input terminals,
in which a first input terminal receives the write signal, while
a second input terminal receives a clock ¢, generated by the
clock generating circuit. The phase of the clock ¢ o is reverse
to that of the aforementioned clock $o- A selector 42 has three .
input terminalé. in which an input terminal "A"™ receives an 8-bit
count value outputted from the counter 39; an input terminal "B"
receives the 8-bit address data from the decoder 40; and a select
terminal "SB" receives an output signal SB of the AND gate 41.
When the signal SB is at "1", the selector selectively outputs
the 8-bit address data supplied from the decoder 40. A numeral
43 denotes an inverter which inverts the output level of the AND

gate 41. An output of the inverter 43 is supplied to a write
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enable terminal WE of the LFO register 44.

The peripheral circuits of the LFO register—44-are-.

configured as described above. Normally, as shown in FIG. 9(B),
the LFO data is read out from the address, corresponding to the
count value of the counter 39, in the LFO register 44. However,
in the case where the LFO data and its address data (representing
a write address at which the LFO data is to be written) are
transferred from the CPU 1, the LFO data is read from the address
" of the LFO register 44 corresponding to the count value of the
counter 39 in synchronism with a leading-edge timing of the clock
¢ o; and then, the LFO data transferred from the CPU 1 is written
~ into the LFO register 44 at the address designated by the CPU 1
in synchronism with a trailing-edge timing of the clock ¢ ,.
Incidentally, peripheral circuits of the coefficient register 46
and address register 47 shown in FIG. 8 are also configured as
similar to those of the above-mentioned LFO register 44; and
consequently, those registers 46 and 47 would operate as similar
to the LFO register 44.
FIGS. 10(A), 10(B) and 10(C) are drawings showing storage
maps respegtively corresponding to the LFO register 44,
coefficient register 46 and address register 47. Each of thosé
registers 44, 46 and 47 has two hundreds and fifty six addresses,
represented by address 0 to address 255. Each data stored at
each address of the register is read out in response to each
operational step of the processing of the sound-effect operation
portion 19 which is configured by a digital signal processor
(1.e., DSP). Incidentally, each address of the register

corresponds to each step of the sound-effect operald gﬂﬁgpnﬁicmiﬁme
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In response to the control codes outputted - r pmrt-he—ef-fect—prpgkam
menory 22, the latch circuit 75 - 27tenporarlly ret ai ns2t e agipu &ata
of the delay circuit 74, which is then outputieq to t he del ay| RAM
48. The

in such a manner that the data stored at addfegg 0-1s"used for
operational step 0 of the sound-effect operation porfion 19.
Moreover, the CPU 1 manages storage addresses for the data
(representing a frequency of LFO 45, a depth of amplitude and the
like) to be stored in each of the registers 44, 46 and 47. When
being edited by the performer, those dafa stored in each of the
registers 44, 46 and 47 are rewritten under the control of the
CPU 1.

Next, FIG. 11 shows an example of a memory map for the delay
RAM 48. In the delay RAM 48, the whole storage area is divided
into five areas, wherein a first area defined between address A
and address B-1 is provided to delay the data for the soun&
effect EFl; a second area defined between address B and address
C-1 is provided to delay the data for the sound effect EF2; a
third area defined between address C and address D-1 is provided
to delay the data for the sound effect EF3: a fourth area defined
between address D and address E-1 is providéd to delay the data
for the sound effect EF4; and a fifth area defined between
address E and address F is provided to delay the data for the
sound effect EFS.

Now, the description will be given back with respect to FIG.
8. In FIG. 8, a numeral 49 denotes a.latch circuit which
temporarily retains an integral part of the LEO data (simply

referred to as integral data) outputted from the low-frequency

oscillator 45 in accordance with the control codes of the effect

program read from the effect program memory 22. A gate 50 is

controlled to be turned on or off In response to the control
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32 provided in the m x in FIG 6, while a second i nput

selector76 has two 'nQH er als, in which afirst input term na
"a" receives the nusic 'ﬁﬁﬁ?ﬁ“" ép utted fromthe delay circuit
termnal "b" receives t ” put data of the delay circuit 74. In

response to the control codes given from t hefeffect—pro .a“.“cwnry
22, the selector 76 selectively outputs one ?RW EME

t her eof . : FIG 15 is-a2Block di agran sfiowng = det '|ed
configuration of the address producing portion 23 con-{ {7 i 1na7

codes of the effect program read from the ef? ct_program memory

22. When the gate 50 is turned on, the integral data retained by
the latch circuit 49 is outputted to an adder 51 through the gate
S0. _

The adder 51 provides two input terminals, in which a first
input terminal receives the address data outputted from the
address register, while a second input terminal receives the
integral data supplied thereto by means of the gaté 53. So, the
adder Sl.adds the address data and the integral data together.. A
numeral 52 denotes an address countér which counts a number
corresponding to the address of the delay RAM 48. A numeral 53
denotes an adder by which a result of the addition performed by
the adder 51 is added together with a count value given from the
address counter 52.

FIG. 12 is a block diagram showing a concrete example of the
circuit configuration of the address counter S2 and its
peripheral circuits. In FIG. 12, numerals 52; to 525 denote
address counters which respectively correspond to the sound
effects EF1 to EF5. Each of those address counters is designed
to count down a value of the address of the delay RAM 48 from the
last address to the first address in each of the storage areas
shown in FIG. 11. Herein, the value of the address is counted
down one by one in each DAC cycle. Mofe specifically. the
address counter 52; counts down from address B-1 to address A in
connection with the storage area for the sound effect EF1l; the
address counter 52, counts down from adﬁress C-1 to address B in
connection with the storage area for the sound effect EF2; the-

address counter 523 counts down from address P 1% 81544 FH%SBL&EN*
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nected wth t ehgffect program nenory 22. In FIG 15, a nuneral 77
d _H ' 3ress regi ster which is configured as shown in

FI ¢ u d address reg- i ster 77 receives and stores the
he , - spectively correspondi ng to the-sett cfftﬁgé%

EF1 to ~ EF5, which are transferred thereto from t herESRUCEMENT S
t hrough the CPU bus 5. At those head a esses of the ef-fett
program nenory 22, the effect prografs “corre- spgn ing7tqﬁyh§ggo&nc
effects EF1 to EF5 desi gnated by the perforner ane {respectively
stored. Those head

connection with the storage area for the sound ef' : the
address counter 524 counts down from address E-1 to address D in
connection with thé storage area for the sound effect EF4; and
the address counter 525 counts down from address F to address E.

A numeral 54 denotes a counter which is configured as
similar to the foregoing counter 39 shown in FIG. 9. More
specifically, the counter 54 counts the number of clocks ¢ g,
each of which has the predetermined period and is generated from
the clock generating circuit, so that the count value thereof is
changed frqm 0 to 255 within 1 DAC cycle. When the count value
reaches 255, the counter 54 outputs a carry-out'signal CA, which
is supplied to each of the address counters 52; to 524
respectively corresponding to the sound effects EF1 to EFS.

Every time the carry-out signal CA is outputted from the
counter 54 by each DAC cycle, each of the address counters counts.
down its count value by one. When the next carry-out signal CA
is outputted after the count values of the address counters 524,
525, 523, 524 and 525 respectively reach their last values A, B,
C. D and E, the count values are respectively returned to their
first values B-1, C-1, D-1, E-1 and F. Thereafter, every time
the carry-out signal CA is supplied, each of the address counters
counts .down its value by one. '

A numeral 55 denotes a decoder which receives an 8-bit count
value outputted from the counter 54. This decoder 55 decodes the
8-bit count value into the same decoded value as long as the 8-
bit count value belongs to a predetermined range. For example,

the decoder 55 outputs a first decoded value when the count value
: THIS SHEET HAS BEEN




addresses are tenporarily stored in areas 77a to 77e of t he head
address register 77. - 33-
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belongs to a first range between 0 and 55; the|decoder 55 outputs

a second decoded value when the count value belongs to a second

range between 56 and 111; the decoder 55 outputs a third decoded
value when the count value belongs to a third range between 112
and 135; the decoder 55 outputs a fourth decoded value when the
count value belongs to a fourth range between 136 and 159; and
the decoder 55 outputs a fifth decoded value when the count value
belongs to a fifth range between 160 and 255. In response to
each of the above-mentioned five decoded values, a selector 56
selects one of the count values respectively outputted from the
address counters 52; to 525.

More specifically, the selector 56 selectively outputs the

count value of the address counter 521 when the 8-bit count value

~ outputted from the counter 54 belongs to the aforementioned first

range between 0 and 55. Similarly, the count value of the
address counter 52, is selectively outputted when the 8-bit count
value belongs to the second range between 56 and 111; the count
value of the address counter 523 is selectively outputted when
the 8-bit count value belongs to the third range between 112 and
135; the count value of the address countef 524 1is selectively
outputted when the 8-bit count value belongs to the fourth range
between 136 and 159; further, the count value of the address
counter 52g5 1s selectively outputted when the 8-bit count value
belongs to the fifth range between 160 and 255.

As described heretofore, the addresses used in the delay RAM
48 shown in FIG. 8 are generated from a delay address generating

portion S7 which 1s configured by the address register 47, latch

circuit 49, gate 50, adders 51, 53, and the &g eSS OUR HRINNS |
RIEPLACED
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In the present enbodi ment, the effect program nenory 22 is designed to
store the effect prograns re- spectively corresponding to el even kinds of
sound ef- fects as shown in FIG 17(b). The head adgresses_IS 7(a))
respectively corresponding to the effect pro- grans eﬁE?hﬁFE&%g%'éﬁégThead

addr ess read- only—nmenmpry {(i—e——head address ROM) 78 ifmadvance.
I ncidental ly, each of the head addresseg respectlvely stopedill ri38he| afjeas

t he head addr TéﬁiiTG‘ﬂI "II Ii‘e"p

and its peripheral cifcuits 54 to 56. In the present embodiment,

read/write operations for the musical tone data in the delay RAM
48 ﬁre controlled by the control codes outputted from the effect
program memory 22. As a result, the musical tone data is written
into the delay RAM 48 at the address designated by the delay
address generating portion 57. This musical tone data is delayed
by a predetermined delay time. in other words, the sound effect
such as the reverberation effect 1s imparted to the musical tone
data. Thereafter, the delayed musical tone data is read out from
the designated address of the delay RAM 48.
| In FIG..8. a numeral 58 denotes a selector having two input
terminals, in which a first input terminal "a" receives the
delayed musical tone data outputted from the delay RAM 48, while
a second input terminal "b" receives the LFO data outputted from
the low-frequency oscillator 45. In response to the coﬁtrol
codes given from the effect program memory 22, either one 6f
input data is sqlectively outputted from the selector 58.
Incidentally, when the pitch modulation is effected to the
musical tone data, a decimal part of the LFO data (simply
referred to as decimal data) is supplied to the second input
terminal "b" of the selector 58. When the amplitude modulation
1s effected to the musical tone data, the aforementioned integral
data is supplied. A switching between the decimal data and
integral data is controlled by special data, representing the
kind of the modulation to be effected, included in the LFO data.
A numeral 59 denotes a temporary RAM. At the designated

write timing, output data of the selector 58 is written into the

THIS SHEET HAS BEEN
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an effect nunber identifying each of the sound effects. For exanpl e, the
head address ROM 78 forns a part of the W}Eetglaolm:m laeddG. 1.
Therefore, when the perforner uses the nD

mnHmmm the chorus effect
as the sound effect EFl1l, the CPU 1 reads e cho:

rus effect fromthe head address ROM 78 |n response EE?HﬁﬁiﬂﬁﬂbgHEET
correspondi ngto the chorus effect; and then, the head address 'S

transferred to the sound effect |npartﬁﬂb'apparatus 14 t hjodgh ?he!!CPI93Pus
S,

temporary RAM at its write address designated by the control

codes given from the effect program memory 22. At the designated
read timing, the data temporarily stored 1s read from the
temporary RAM at its read address des;gnated by the control codes
given from the effect program memory 22.

FIG. 13 is a block diagram showing the temporary RAM 59 and
its peripheral circuits in detail. The whole storage area of the |
temporary RAM 59 is divided into five areas respectively
corresponding to the sound effects EF1L to EFS. A counter 60 is
configured as similar to the foregoing counters 39 and 54 shown
in FIGS..S and iz. More specifically, the counter 60 counts the
number of clocks ¢ g, each of which has the predetermined period
and is generated by the clock generating circuit, so that the
count value thereof is changed from 0 to 255 within 1 DAC cycle.

A decoder 81 decodes an 8-bit count value outputted ffqm the
counter 60.so as to produce 3-bit data. This 3-bit data is fixed
as long as the 8-bit count vdlue belongs to a predetermined
range. More specifically, 3-bit data "000" 15 outputted when the
8-bit count value belongs to the first range between 0 and 55; 3-
bit data "001" is outputted when the 8-bit count value belongs to
the second range between 56 and 111; 3-bit data "010" 1is
outputted when the 8-bit count value belongs to the third range
between 112 and 135; 3-bit data "011" is outputted when the 8-bit
count value belongs to the fourth range between 136 and 159: and
3-bit data "100" is outputted when the 8-bit count value belongs
to the fifth range between 160 and 255. The 3-bit data outputted
from the decodér 61 is used as first three bits (or significant

three bits) 6f 7-bit address data suppllied to the temporary RAM-

THIS SHEET HAS BEEN
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so that the head address is tenporarily stored in the ar- ea 77a of the
head address register 77. fipsBeenR ral 79 shown in FIG 15
de- notes a counter which counts the Hm ll¥ ks [err], generated from
the clock generating circuit, within JIks0 that its count—value
I's changed fromO to 255. A decoder 80 receives an 8—bitR§pEgGENWgnUSHEEB
the counter 79. The decoder 80 is designed to output the ¢ al ue

as long as the 8-bit count value bel angd3te a predeternj ngd, range. «b
specifically, a . 1 ‘? _ﬂﬁ. W

59.
In each of five areas of the temporary RAM 59 respectively

corresponding to the sound effects EF1 to EFS, the above-
mentioned 3-bit data outputted from the decoder 61 are written
into the addresses corresponding to the first three bits, while
the other addresses corresponding to remained four bits are
designated by a part of the control'éodgs dﬁtputted from the
~effect program memory 22 so that the output data of the selector
S8 shown in FIG. 8 are written into those addresses in accordance
with a timing at which a write signal, represented by another
part of the control codes, is supplied to the temporary RAM 59.
On the other hﬁnd. in each area of the temporary RAM 59, the
first three bits representing the 3-bit data of the decoder 61
are read out from their addresses, while the remained'four bits
are read out from the addresses designated by a part of the
control codes outputted from-the effect program memory 22 in
accordance with a timing at which a read signal, represented by
another part of the control codes, is supplied to the tempofary
RAM S9. The above-mentioned read/write operations are performed
within 1 DAC cycle.

As similar to the aforementioned temporary RAM 59 and its
peripheral circuits, temporary RAMs 62 and 63 shown in FIG. 8 and
their peripheral circuiﬁs are configured. Incidentally, a part
of the musical tone data read from the temporary RAM 63 is
supplied to the foregoing input terminal "b"™ of the selector 28
shown in FIG. 6.

FIG. 14 shows an example of a storage map of the temporary

THIS SHEET HAS BEEN
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first decoded value "sa" is outputted when the count val- ue belongs to a
first range between 0 and 55; S val ue "sb" is outputted whe
the count value belongs to a s ween 56 and ; Byt e
decoded value "sc" is outputte t val ue bel p \q GE@ lﬁ' o
range between 112 and 135; a fourth decoded val ue "sd" i§ utputted m@gn
the count value belongs to a fourth range bet ween 136 an{l 159 7aht’

N

RAM 63. The temporary RAM 63 receives fourteen kinds of musical
tone data from a selector 76 (see FIG. 8). More specifically,
the temporary RAM 63 receives the mixed data EM1l inputted to the
sound effect portion EF1l, operation data EX1L and EX1R outputted
from the sound effect portion EFl, mixed data EM2 inputted to the
sound effect portion EF1, operation data EX2L and EX2R, mixed
data EM3 inputted to the sound effect portion EF3, operation data
EX3 outputted from the sound effect portion EF3, mixed data EM4
inputted to the sound effect portion EF4, operation data EX4
outputted from the sound effect portion EF4, mixed data EM5SL and
EM5R inputted to the sound effect portion EFS, operation data
EXSL and EXS5R outputted from the sound effect portion EF5, which
are shown in FIGS. 4 and 5(A) to §5(D). In this case, five kinds
of the 3-bit data outputted from the décoder 61 shown in FIG. 13..
if.e., "000", 001", "010", "011" and "100", are used as write
addresses for the first three bits in connection with the sound
effects EF1 to EF5. Thus, the above-mentioned fourteen kinds of
musical tone data are sequentially stored in fourteen addresses

of the temporary RAM 63, respectively indicated by "00gpx".

"olm" , "ozm" . "lom" . "llm" . "lzm" . "zom" . ”zlm'. .
"30HEx" . "31HEx" . "40HEx" . "41HEx" . "42HEx" and "43HEX" ds shown
in FIG. 14. |

In FIG. 8, latch circuits 64 and 65 are provided to
temporarily store the musical tone data which are respectively
read from the.temporaty RAMs 59'and 62 in accordance with the
control codes contained in the effect programs read from the

effect program memory 22. A numeral 66 denotes a selector having

five input terminals, in which a first input teFHifn¥1:CTaMAS BEEN
REPLACED




- 34 - fifth decoded val ue "se" i s outputted when the count val- ue
bel ongs to a fifth ThisSbest BreBemdaplded and 255. Those val ues "sa" to "se" are
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receives the musical tone data outputted from the latch—ciredlit
65; a second inbut terminal "b" receives the musical tone data
outputted from the latch circuit 64; a third input terminal "c¢"
receives a data value "1"; a fourth input terminal "d" receives a
data value "0"; and a fifth input terminal "e" receives the
coefficient data outputted from the coefficlent register 46. 1In
accordance ‘with the control codes outputted from the effect
program memory 22, the selector 66 selectively outputs one of
five input data thereof. |

| A selector 67 has four input terminals, in which three input
terminals "a”, "b" and "c" respectively receive the musical tone
data outputted from the temporary RAMs 63, 62 and 59, while a
remained input terminal "d" receives a data value "1". 1In
accordance with the control codes outputted from the effect
program memory 22, the selector 67 selectively outputs one of
four input data thereof. A multiplier 68 performs a
multiplication on the output data of the selectors 66 and 67. A
selector 69 has four input terminals, in which a first input
terminal “a" receives the musical .tone data to be outputted.from
a delay circuilt 74; a second input terminal "b" recéives the
musical tone data outputted from the temporary RAM 62; a third
input terminal "c" receives the musical tone data outputted from
the temporary ﬁAM 59:; and a fourth input terminal "d" receives a
data value "0". In accordance with the control codes outputted
from the effect program memory 22, the selector 69 selectively
outputs one of four input data thereof.

A numeral 70 denotes an exclusive-OR gat

RESLACED




terminals "SA" to "SE' of a selector 81, while they are also supplied to
addr ess i nput ThiiShaetidds BechBopladed " SE" of a ROM 82. . The sel ector 81

has five input ' to "E' which respectively receive five head
addr esses out - e head address register 7 When-the—de—eofed
val ue "sa" is supplied to the select terminal SA", the| SHPeACEMERT SHEET |
sel ectively outputs the head address cor- responding tg Ct

EF1. Simlarly, the head address car~eggording to the $o nq ?fﬁﬁPHgﬁFZ I $
sel ec- o

terminals, in which a first input terminal receives the data
outputted from the selector 69, while a second input terminal
receives the control cddes outputted from the effect program
memory 22. A numeral 71 denotes an adder having three input
terminals, in which a first input terminal receives an output of
the multiplier 68; a second input tefminal receives an output of
the exclusi#e-OR gate T70;: and a carry terminal, represented by
"CLI", receives the control codes which are identical to the
control codes supplied to the second inpuf términal of the
exclusive-OR gate 70. The exclusive-OR gate 70 and the adder 71
are assembled t&%ether to form an addition/subtraction circuit 72
which performs an addition or a subtraction on the output data of
the selector 69 and multiplier 68 in response to the control
codes. .

A numeral 73 denotes a shifter which shifts the bit
positions of the output data of the addition/subtraction circuit
72 by predetermined number of bits in response to the control
codes outputted from the effect program memory 22. The delay
circuit 74 delays an output of thé shifter 73 by a predetermined
delay time. A delayed output of the delay circuit 74 is
delivered to a latch circuit 75 as well as.the temporary RAM 62,
the input terminal "a” of the selector 69 and the input terminal

- "b"” of the selector 76. _

The above-mentioned circuit elements 64 to 74 configure a
sound-effect computation circuit ECC. Thus, the input data is
eventually delayed by a delay time corresponding to four clocks
¢ o in the sound-effect computation circuit ECC. In other words,

the sound-effect comphtation circuit ECC has an operation time
THIS SHEET HAS BEEN
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tively outputted when the decoded value "sb" is supplied to the sel ect
terIMthdetHaSBéenRteﬂ@ehead addr ess corre- sponding to the sound effect EF3 is

outp decoded value "sc" is supplied to the select termna
"SC ress corresponding to the sound ef- putted
ec ed val ue "sd" is suppliedtothe sele '

head address corresponding to the sound effect EF
decoded val ue "se" is supplied to tkhe33elect term ha SE

corresponding to four clocks ¢ g .

In response to the control codes outputted from the effect
program memory 22, the latch circuit 75 temporarily retains the
output data of the delay circuit 74, which is then outputted to
the delay RAM 48. The selector 76 has two input terminals, in
which a first input terminal "a”" receives the musicél tone data
outputted from the delay circuit 32 biovided-in the mixer 18

"shown in FIG. 6, while a second input terminal "b" receives the
output data of the delay circuit 74. In response to the control
codes given from the effect program memory 22, the selector 78
selectively outputs one of two input data thereof.

FIG. 15 1s a block diagram showing a detailed configuration
of the address producing portion 23 connected with the effect
program memory 22. In FIG. 15, a numeral 77 denotes a head
address register which is configured as shown in FIG. 16. The
head address register 77 receives and stores the head addresses,
respectively corresponding to the sound effects EF1 to EFS5, which
are transferred thereto from the CPU 1 through the CPU bus 5. At
those head addresses of the effect program memory 22, the effect
programs corresponding to the sound effects EF1l to EF5 designated
by the performer are respectively stored. Those head addresses
are temporarily stored in areas 77a to 77e of the head address
register -77. |

In-the present embodiment, the effect program memory 22 is
designed to store the effect programs respectively corresponding
to eleven kinds of sound effects as shown in FIG. 17(b). The

head addresses (see FIG. 17(a)) respectively corresponding to the

THIS SHEET HAS BEEN
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When- t he decoded value "sa" is supplied to the address input termnal SA a
dat a val%s "0 JSRAUE utted fromthe ROM82. Simlarly, a data val ue "56"
is ou e decoded value "sb" is supplied to the ad- dress
|nput ﬁi{am data value "112" is outputted when the decoded val ue
"sc" |s he address input termnal SC, a dat I . p

out putted when the decoded value "sd" is supplied to th Eé@r@ﬁé\ﬁg§ﬁtﬁ
termnal SD; and a data val ue "160" rs36ubputted when t He [@€coded val ue
"se” is supplied to the address input 17 K 857

effect programs are stored in a head address reayi-only memory

(1.e., head address ROM) 78 in advancé. Incidentally, each of
the head addresses respectively stored in the areas of the head
address ROM 78 is represented by an effect number identifying
each of the sound effects. For example, the head address ROM 78
forms & part of the ROM 2 shown in FIG. 1.

Therefore, when the performer uses the mouse 7 to select the
chorus effect as the sound effect EFl, the CPU 1 reads out the
head address for the chorus effect from the head address ROM 78
in response to the effect number corresponding to the chorus

~effect; .and then, the head address is transferred to the sound
effect imparting apparatus 14 through the CPU bus 5, so that the
head address is temporarily stored In the area 77a of the head
address register 77. |

Meanwhile, a numeral 79 shown in FIG. 15 denotes a counter
which counts the number of clocks ¢ ., generated from the clock
generating circuit, within 1 DAC cycle, so that its count value
is changed from 0 to 255. A decoder 80 receives an 8-bit count
value from the counter 79. The decoder 80 is designed to output-'
the same decoded Qalue as long as the 8-bit céunt value belongs |
to a predetermined range. More specifically, a first decoded
value "sa" 1s outputted when the count Yalue belongs to a first
range between 0 and 55; a second decaded value "sb" is outputted
when the count value belongs to a secopd range between 56 and
111; a third decoded value "sc” is outputted when the count value
belongs to a third range between 112 and 135: a fourth decoded

value "sd” i{s outputted when the count value belongs to a fourth

range between 136 and 159; and a fifth decoded V&llﬂ?ﬂSéiEﬂsHASBbLN
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term nal SE

out

In the nmeantine, a nuneral

83 denotes a subtracter

havi ng two

input termnals, in which an input termnal "A" receivesthe countval ue
ut t edf . e
e
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outputted when the count value belongs to a fITth range between

160 and 255. Those values "sa” to "se” are respectively supplied
to select terminals "SA" to "SE” of a selector 81, while they are
also supplied to address input terminals "SA" to "SE" of a ROM
82.

The selector 81 has five input terminals "A" to "E" which
respectively receive five head addresses outputted from the head
address register 77. When the decoded value "sa” is supplied to
the select termihal "SA", the selector 81 selectively outputs the
head address corresponding to the éound effect EF1l. Similarly,
the head address corresponding to the sound effect EF2 is
selectively outputted when the decoded value "sb” is supplied to
the select termindl "SB"; the head address corresponding to the
sound effect EF3 is outputted when the decoded value "sc" is
supplied to the select terminal "SC"; the head addreés_
corresponding to the sound effect EF4 is .outputted when the
decoded value "s&" is supplied td the select terminal SD; and the
head address corresponding to the sound effect EFS is outputted
when the decoded value "se” is supplied to the select terminal
SE.

When the decoded value "sa" is supplied to the address input:
terminal SA, a data value "0" is outputted from the ROM 82.
Similarly, a data value "568" is outputted when the decoded value
"sb” 1s supplied to the address input terminal SB; a data value
"112" is outputted when the decoded value "sc" is supplied to the
address input terminal SC: a data value "136" is outputted when

the decoded value "sd” {s supplied to the address input terminal
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- 35 - counter 79, while another I nput termnal "B" receives an out put
val ue of the ROM 82. Thus, the subt rBisSheet H& BrefiReplaesis t he out put val ue of

the ROM 82 fromthe count val ue of th mﬂ !Imm"m" _ An adder 84 has
rec

two input termnals, in which an inpu
address corre- spondl ngto each of the soun ects EF1j tREFERBEMBNT | SHEET

anot her input termnal "B" receives an output of the sub-
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SD: and a data value "160" is outputted when thg decoded value

"se” 1s supplied to the address input terminal SE. In the
meantime, a numeral 83 denotes a subtracter having two input
terminals, in which an input terminal "A" receives the count
value outputted from the counter 79, while another input terminal
"B" receives an output value of the ROM 82. Thus, the subtracter
83 subtracts the output value of the ROM 82 from;the count value
of the counter 79.

An adder 84 has two input terminals, in which an input
terminal "A" receives the head address corresponding to each of
the sound effects EF1 to EF5, while another input terminal "B"
receives an output of the subtracter 83. Thus, the adder 84 adds
those values together. A delay circuit 85 delays an output of
the adder 84 by a predetermined delay time, so that a delayed
output thereof is supplied to the effect program memory 22.

Thus, the effect programs corresponding to five sound
effects EF1 to Eés are sequentiaily read from fheir head
addresses of the effect program membry 22 within 1 DAC cycle.
Incidentally, if the performer repeatedly selects the same sound
effect by plural times, the same effect program would be
repeatedly read out by plural times within 1 DAC cycle.

{C] Operations of Sound Effect Imparting Apparatus

Next, operations of the CPU 1 will be described in detail by
referring to flowcharts shown in FIGS. 18, 19 and 20.

When the power 1is applied to the electronic musical
instrument shown in FIG. 1, the CPU 1 accesses to a main routine
shown in FIG. 18, in which the processing thereof proceeds to a

first step SAl. In step SAl, an initialization 1is performed ]e)




tract er—83—Fhus;—the adder 84 adds those val ues togeth- er. A delay
circuit 85 del a tput of the adder 84 by a predeterm ned delay tine,

y u
so t hat TRisgheLyas pce Bl thereof is supplied to the effect program nmenory
22. H -u Ibffect prograns corresponding to five sound effects
EF1 to EF

i lly read fromtheir head adgress ) > L1 BCt
program nmenory 22 within 1 DAC cycle. Incidentally, ﬁﬁiﬁﬁéa@%W#gfﬁfi
repeat- edly selects the sanme sound. ef f&Ct-by plura Imes, the sanr ef f ect

program woul d be repeatedly read out by 17 91837

as to initialize several portions of the irnstrument. In the

initialization process, values stored In the registers provided
in the RAM 3 are reset to zero, while initial values are set to
the peripheral circuits as their variables. After completiné the
initialization process, the processing of the CPU 1 proceeds to
step SAZ2.

In step SA2, the CPU 1 judges whether or not any change for
the tone color 1s designated by the performer. When the
performer operates one of the tone color switches 9 shown in FIG.
1, the data corresponding to the operated switch is transferred
to the CPU 1 through the switch interface 10 and the CPU bus 5.
Thus, the CPU 1 can perform the above-mentioned judging process
by detecting whether or not the data corresponding to the tone
color switch operated by the performer 1s supplied thereto. If a
result of the judgement in step SA2 is "YES", the'processing

.proceeds to step SAS3.

In step SA3, a tone-color changing process 1s performed.
According to this tone-color changing process, the tone color
data is transferred to the sound source.circuit 13, while each of
the effect parameters, corresponding to the sound effects EF1 to
EFS, which are changed responsive to a change of the tone color
is transferred to the sound effect imparting apparatus 14, for
-example. The details of the tone-color changing process will be-.
described later. When completing the tone-color changiﬁg
process, the processing proceeds to step SA4.

When the result of the judgement in step SA2 is QNO".

indicating that the performer does not change the tone color, the
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plural times within 1 DAC cycle. [C] Operations of Sound Effect Inparting
Appar at us Next, operations of the CPU 1 will be described in
detail by referring to flowcharts shown in FIGS. 18, 19 and 20

When the powerhisiStectgBeenReplaced he el ectroni ¢ nusi cal i pgigpypERGENDEBMERTN

FIG 1, the CPH“IIﬂI“nﬂml ﬂl to a main routine shown {n ELG18—ia-whi ¢h
(the - 42 - 17 JuL 1997

processing jumps to step SA4.

In step SA4, a mouse process 1s performed.. According to the
mouse process, the sound effect, designated by the performer,
which is used as each of the sound effects EF1l to EF5 is changed
in response to an operation of the mouse 7, and the effect
parameters which are used for the sound effects EF1 to EF5 are
also changed in response to the operations of the mouse 7. The
details of the mouse process will be described later. When
completing the mouse process, the processing proceeds to step
SAS.

In step SAS, the CPU 1 judges whether or not a key-
depression evenf is occurred in the keyboard unit 11. If a
result of the judgement is “"YES", the processing proceeds to step.
SAs. | | |

In step SA6, a tohe-generation chﬁhnel assigning process is
carried out at first. Herein, it is detected whether or not any
one of the tone-generation channels provided in the sound source
circuit 18 is an idle channel (which is not occupied in
generating the musical tones). If there exit plural idle
channels, any one of them is selected as a new tone-generation
chanhel. On the other hand, when all of the channels are
occupied in generating the musical tones so that no channel is
1dling, a certain channel in which an amplitude level of an
envelope waveform is the lowest among all of the channels is
selected as an idle channel. In this case, a truncate process is
performed on that channel at first, and then. the channel is set
as the idle channel.

After detecting or selecting the idle channel in accorda

THIS SHEET HAS BEEN
REPLACED




processi ng thereof proceeds to a first step SAL. In step SAl, an

|n|t|al|zaLLgn_Ls_peLLgLnEd~so as to initialize sev- eral portions of the

i nstrunent. the initialization proc- ess, values stored in the regisfers
provi ded .in h eﬂm@ealiwhcﬂiset to zero, while initia gsmams g;-mETt D
t he pe-

i phjmuumuﬁmnﬁms their variables. After cb | ng
initializati rocessi ng of the CPU 1 ceed SA2 .
processi ng, of Pt o] cesds, Hsé? :

U

with the aforementioned tone-generation channei assigning
process, a keycode, touch data and a key-on signal regarding the
key-depression event are transferred to the idle channel. Then,
the processing proceeds to step SAT.

In step SA7, it is detected whether or not a key-release
event is occurred in the keyboard unit 11. If a result of the
Judgement in step SA7 is "YES", the processing proceeds to step
SA8. |
_ In step SA8, the CPU 1 searches the tone-generation channel
which corresponds to the keycode of the key released; and then,
it is judged whether or not the tone-generation channel is now
occupied in generating the musical tones. If so, a key-release
process is carried out so that a key-off signal 1is transferred to
the tone-generation channel so as to mute its musical tones.
Then, the processing proceeds to step SA9.

On the other hand, when the result of the judgement in step
SAT is "NO", indicating that no key-release event is occurred in
the keyboard_uhit 11, the processing jumps to step SA9.

In step SA9, predetermined processes other than the
aforementioned processes are performed; Thereafter, the
processing returns back to the aforementioned step SA2. Thus,
until the power supply is stopped, the above-mentioned processes
of steps SA2 to SA9 are repeatedly performed.

Next, the tone-color changing process to be performed by the
CPU 1 will be described in detail by referring to a flowchart
shown in FIG. 19. |

When the processing of the CPU 1 reaches step SA3 in FIG.

THIS SHEET HAS BEEN
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e for the tone color is designated by the per- fornmer.
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18, a routine of the tone-color changing pr
19 is activated. At first, the processing proceeds to step SBl.
Herein, the CPU 1 sea;ches the tone color data corresponding to a'
tone color number (i.e., a serial number applied to each of'the
tone colors preset in the system) which is designated by
operating the tone color switch @ by the performer; and then, the
tone color data is read out from a tone-color-data area 86a of a
tone color memory 86 shown in FIG. 20. The tone color data read
from the tone color memory 86 is transferred to the sound source
circuit 13. Thereafter, the processing proceeds to step SB2.

The above-mentionéd tone color memory 86 forms a part of the
RAM 3, and sﬁch tone color memory is provided for each of the
tone colors. The whole storage area of the tone color memory 86

is divided into seven areas, i.e., the tone-color-data area 86a,

a data area 86b for EFl, a data area 86c for EF2, a data area 86d

for EF3, a data area 86e for EF4, a data area 86f for EFS and an
output-data area 88g. The tone-color-data area 86a stores the

tone color data and the other data representing the name of the

tone color and the like, all of which are transferred to the

sound source circuit 13.

In the present embodiment, one musical tone is formed by
synthesizing plural sounds. Because, the present embodiment is
designed such that plural sounds (e.g.., maximum four sounds) can
be simultaneously produced in connection with one key-depression
event. In this case, the tone-color-data area 86a stores all of
the tone color data each of which is used.to produce each of the

sounds forming one musical tone.

THIS SHEST HAS BEEN
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color switches 9 showmn in FIG 1
the operated switch is transferreah
switch interface 10 and the CPU bu
perform the above-nentioned

whet her

operated by the
t he judgenent

step

changi ng process is

d correspond- ing to
ﬁ°ﬁﬁi$ el t hrough t he
I |] I IIL Thus, the CRU-1-caf
r 0¢ egep|NCEdeEC BHBET
g PG |

or not the data corresponding tc tone.cel-erqswitch
performer is supplied tHe RATE SL|t of
in step SA2 #8 “YES', the pr gé@lng deds to
SA3. In step SARF_amLene—eﬁ+tT

configuration. Therefore, each data area stores six kinds of
data, 1.e., an effect number representing the sound effect
selected by the performer, switch data representing on/off states
of the gate 30 (see FIG. 6), multiplication coefficient data
representing the multiplication coefficients of the multiﬁlier
portion 29 (see F1IG. 6) pro%ided in the mixer 18, LFO data,
coefficient data, and address data consisting of the effect
parameters. | |

Moreover, the output-data area 86g stores multiplication
coefficient data and switch data corresponding to the
aforementioned output-stage mixing portions MIX07 and MIXO0S8
respectively shown in FIGS. 5(E) and 5(F). Incidentally, all of
the data stored in the data areas 86b to 86f, respectively
provided for the sound effects EF1l to EFS.‘and the data stored in
the output-data area 86g can be changed in accordance with the
mouse process, the details of which will be described later.

In step SB2, the effect number is reﬁd from the data area
86b for EF1 provided in the tone color memory 868 shown in FIG.
20; the head address corresponding to the effect program
designated by the read effect number is read from the head
address ROM 78 shown in FIG. 17(a): and then, the head address is
written into the area 77a of the head address register 77 (see
FIG. 168) provided in the address producing portion 23. After
completing the process of step SB2, the processing proceeds to

step SB3.

In step SB3, the same process of step SB2 is performed with
respect to the other sound effects EF2 to EF5. More
THIS SHEET HAS BEEN
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perfornmed. Aceordi-rg—te—this—tone-col or changi ng proc- ess,

the tone color data is transferred to the sound source circuit
13, while each s SoEsHs “qﬂf aneters, ' o the
sound effects EF*“ o are c : ' o a

change of the to transferr f flect
| nparting apparatus 14, for exanple. The} deta
t one- col or changi ng proceds wilt be desc i el
conpl eting the t one- col or changi ng protess g

pr oceeds to step SA4
specifically, the head addresses correspondi

numbers stored in the data areas 86c to 86f are read from the
head address ROM 78 (see FIG. 17(a)): and then, those head
addresses are respectively written into the areas 77b to 77e in
the head address register 77 shown in FIG. 18. Then, the
processing proceeds to steé SB4.

In step SB4, the switch data, multiplication coefficient
data, LFO data, coefficient data and address data are read from
the data area 86b for EF1l; and then, those data are respectively
transferred on the CPU bus 5 to the switch register 35, volume
register 37, LFO register 44, coefficient register 46 and'address
register 47 shown in FIG. 8. Thereafter, the processing prdqeeds
to step SBS. - '

In step SBS, the same process of step SB4 is pefformed with
respect to the other sound effects EF2 to EFS. More
specifically, the switch data, multiplication coefficient data,
LFO data, coefficient data and address data are read from the
respective data areas Béc to 86f which are provided for the socund
effects EF2 to EFS respectively; and then, those data are
tranéferred to the registers 35, 37, 44, 46 and 47. Thereafter,
the processing proceeds to step SBS.

In step SB6, the swifch data and multiplication coefficient
data are read from the output-data area 86g; and then, they are
respectively transferred to the registers 35 and 37 shown in FIG.
8. Thereaffer. the processing of the CPU 1 returns back to the
foregoing main routine shown in FIG. 18; and then, the processing

proceeds to step SA4.

Next, the mouse process to be performed hy..th
THIS SEEET HAS BEEN
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When the result of the judgenent in step SA2 s "NO',

I ndi cating that the perfornmer does not change the tone col or
the processing |lunps to step SA4. In step SA4, a
nouse process 1 s performned. Accordi ng to-th f S,
the sougd ﬁJe ﬁ%hé&n‘ii{ Saced - ignated by the peBEP %ﬁﬁhﬁé@ﬁfs used
as each P ace sound effects EF1l to EF% ifSTCthanged I n fegponse
to an I IHWration of the mobbe~7, and the df fegt JHArBERt ¢rs

whi ch ar sound effects EF1 to EF5 are al §o
changed in response to the operations of the

described in detall by referring to the flowchart shown in FIG.
21.

When the process1ng of the CPU 1 reaches step SA4 shown 1in
FIG. 18, a routine of the mouse process as shown in FIG. 21 is
started. At first, the processing proceeds to step SC1, in which
a display process is performed. According to the display
process, a displayed image which is displayed on the display
screen of the display unit 4 is controlled. FIG. 22 shows an
example of the displayed image, wherein a numeral 4a denotes a
display #rea which ié displayed on the display screen at its
lower pdrtion: a numeral 4b denofes a cursor whose position is
controlled by the mouse 7; and a numeral 4c denotes a display :
area which is displayed on the display screen at its upper
‘portion. For instance, when the performer operates the mouse 7
to move the cursor 4b and place it on a icon "EF1" in the display
area 4a, and then, the performer clicks the mouse button, the CPU
1 reads out video information, regarding the pre-stage mixing
portion MIXIl. the sognd effect portion EF1 and the post-stage
mixing portion MIXO01 (see FIG. 4), from an image-information area
87a (see FIG. 28) provided in the ROM 2, wherein this image-
information area 87a is provided for storing image information
(or graphic information) regarding the sound effect EF1.
Further, the effect number, switch data, multiplication
coefficient data, coefficient data and address data are read from
the data area 86b provided in the tone color memory 86, so that a
predetermined graphic pattern as shown in FIG. 22 is displayed at

the display area 4c.
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mouse 7. The details of the nouse process will be de- - scri bed
| ater. When conpl eting the nouse process, the processi ng
proceeds to step SAS5. -
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The above-mentioned image information represents a part of

the whole graphic image corresponding to the pre-stage mixing
portion MIXI1l, the sound effect portion EF1l and the post-stage
mixing portion MIX01. In other words, the 1mage_information
merely represents a part of the whole graphic image which can be
fixedly displayed on the display screen. The other parts are
displayed on the basis of the data read from the data area 86b
provided for the sound effect EFl. As the other parts displayed
on the display screen, there are provided a numeric value which
is displayed on the right of each multiplier (i.e., MLT, MLT1-
MLT4, see FIG. 4), an on/off state of each switch and an enhanced
portion on the icon "EF1" (indicating that the sound effect EF1
1s now selected), for example.

In FIG. 22, a numeric value "10" (representing the
multiplication coefficient "1") is only set for the multiplier
MLT, corresponding to the input data ID1 among fourteen kinds of
musical tone data, in the pre-stage mixing portioﬁ MIX1i. Thus,

- only the input data ID1 is multiplied by the multiplication
coeffiéient "1" in the multiplier MLT, the output of which is
transmitted to the sound effect portion EF1l as the mixed data
EM1. In the sound effect portion EF1l, a chorus effect is
imparted to the mixed data EM1l, resulting that the aforementioned
operation data EX1L and EX1R are produced. Those operation data
EX1L and EXIR are suppiied to the multipliers MLT2 and MLT3 each
havihg a numeric value "5" (represenﬁlng a multiplication
coefficient "0.5”). Thus, the operation data EX1L and EX1R are
multiplied by the same multiplication coefficient "0.5" in the
multipliers MLT2 and MLT3. the Qutputs of which £§E’%§%§%§%§?&f§_




- 37- In step SA5, the CPU 1 judges whet er or not a
key- depression event is occurred |nTb1h%heﬂé¥bBaﬁﬂ 1 W.LA%EME@@W

t he judgenent is "YES', the proce55| step
step SA6, a tone-generation channel cessji
first. Herein, it is detect- ed mhether or one _

t one-generation chan- nels provided in the sound source
idle =

supplied to the adders ADD1 and ADD2. Then, the adder ADD1 adds
together the left-channel components with respect to the mixed
data EM1 and the operation data EX1L, while the adder ADD2 adds
together the right-channel components with respect to the mixed
data EM1 and the operation data EX1R. As a result, the output
data E10L is obtained from the adder ADD1, while the output data
E1OR is obtained from the adder ADD2.

Similarly, when the performer operates the mouse 7 to
correspopdingly move the cursor 4b and place it on each of other
icons "EF2", "EF3", "EF4", "EFS" and "OUTPUT", the CPU 1 reads
out the corresponding image information from each of image-
information areae 87Tb, 87c, 87d, 8Te and 87f provided in the ROM
2. In this case, the image information for the icon "EF2"
represents the pre-stage mixing portion MIXI2, sound effect
portion EF2 and post-stage mixing portion MIX02; the image _
information for the icon "EF3" represents the pre-stage mixing
portion MIXI3, sound effect portion EF3 and post-stage mixing
portion MIX03; the image information for the icon "EF4" |
represents the pre-stage mixing portion MIXI4, sound effect
portion EF4 and post-stage mixing portion MIX04; the image
information for the icon "EF5" represents the pre-stage mixing
portions MIXI5S and MIXIS, sound effect portion EF5 and post-stage
mixing portion MIX0S; and the image information for the icon
"OUTPUT” represents other portions regarding the output
operation. Moreover, the effect number, switch data,

multiplication coefficient data, coefficient data and address

data are read from each of the data areas 86cp —8Ge
. S SHEET HAS BEEN
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channel (which is not occupied in generating the nusical tones). It there
exit plural idle channels, any begf Has BemRelacs€! ect ed as a new

t one- generation channel. On the en all of _the chanhels—are
occupied in generating the nusic Mt nochfrgd; ACSMENT | SHEETa
certain channel in which an anplitude I'eve an enh- velope-wavefefmlis
the | owest anong all of the channels is selected as aﬁ iﬂ%e gpaggfl I n
this case, a truncate process is perf&80ned on that ¢hgnnef Af“fl st] and
then, the channel is set as the idle channel.

while the switch data and multiplication coe%ftctﬁﬁt data are
read from the output-data area 86g provided in the tone color
memory 86 shown in FIG. 20.‘ Then, the corresponding graphic
pattern is displayed at the display area 4c on the display screen
of the display unit 4 as shown in each of FIGS. 23 to 27.

As shown in FIGS. 22 and 23. only seven kinds of sound
effects containing the chorus effect (repfésented by "CHORUS")
and a phaser_effect (represented by "PHASER") can be selected for.
the sound effects EF1l and EF2 within eleven kinds of sound
effects represented by the effect programsistpred in the effect
program memory 22 as shown in FIG. 17(b).

As shown in FIGS. 24 and 25, only three kinds of sound
effects containing a distortion-with-equalizer effect
(represented by "DIST+EQ") and a delay effect (represented by
"DELAY") can be selected for the sound effects EF3 and EF4 within
the eleven kinds of sound effects preset to the effect program
memory 22.

Further, as shown in FIG. 26, only the reverberation effect
(tepresentéd by "REVERB") can be selected for the sound effect
EFS within the eleven kinds of sound effects preset to the effeét
program memory 22.

As described above, a limited number of sound effects within
the eleven kinds of sound effects preset to the effect program
memory 22 can be selected for each of the sound effects EF1l to
EF5. This is because the size of the effect program applied t§
each of the sound effects EFl to EFS is fixed in the present
embodiment.

Meanwhile, when the performer operates the mouse 7 to
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Alter—detectingor—sel ecting the idle channel in accordance with the

af orenenti gned tone- eneratlon channel assigning process, a _keycode, touch

dat a nal regarding the key-depression j t r¥ed

to t?ﬁn‘nmﬂnﬁﬁi Then, the processing proceeds to P‘gg @%\EEM %@&ﬁ In

step cted mhether or not a key- rel easel eVent |s oig ried i n
Yes

the keyboard unit 11.: If a result of the judgement in st=p1SA7
the processing proceeds to step SA8, - 51 -

correspondingly move the cursor and place it on an icon "LINE
CONNECTION", and_then. the performer clicks the mouse button.'the
CPU 1 reads out image information regarding the line connection:
from a line-connection-image-information area 87g (see FIG. 28)
provided in the ROM 2. Further, the CPU 1 reads out the other
data from the tone color memory 88 shown in FIG. 20, i.e., the
name of the tone color from the tone-color-data area 86a, a pair
qf the effect number and switch data from each of the data areas
86b to 86f and the switch'data from the output-data area 86g. On
the basis of the above-mentioned data, a graphic image as shown
in FIG. 22 is displajed at the display area 4c¢ on the display
screen of the display unit 4. |

After completing the display process as described
herétofore, the processing of the CPU 1 proceeds to step SC2.
shown in FIG. 21.

In step SC2, a mixing-information changing process is
carried out. In the mixing—information changing process, the
mixing information containing the switch data and multiplication
coefficient data is changed, so that an image corresponding to
the mixing information changed is displayed by the display unit
4. For example. in order to imbart the sound effect EFl1 to the
input data ID1 which is outputted from the sound sourcé circuit
13 and then supplied to the mixer 18 of the sound effect
imparting apparatus 14, the performer operates the mouse 7 to
correspondingly move the cursor and place it on a pictorial
display area 4cl provided on the display screen (see FIG. 22),
and then, the performer clicks the mouse button,..In.this .case,—

THIS St HAS BEEN
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In step SA8, the CPU 1 searchest hetone-gen- eration channel which
correspondst ot he keycode of the key rel eased; and then, it is judged.
whet her or not the tone-generation channel is now occupi § _Hﬂ @@ﬂ@gﬁtgmggr
the nusical tones. If so, a key-release process is carri ¢ uﬁ )]

key- of f This Sjiealtat Beeh RepIILT r€d to the tone- generation channel SO}?? %ﬁ?

T

|
the CPU 1 rewrites the switch data, corresponding to the above

pictorial display area 4cl, which 1s stored in the data area 86b
of the tone color memory 86 shown in FIG. 20, while the CPU 1
also changes the image of the pictorial display area 4cl.
Further, the switch data rewritten by the CPU 1 is transferred to
the sound-effect operation portion 19 (see FIG. 19), so that the
switch data is written at its corresponding address in the switch
register 3§ prévided in the mixing information supply portion 20.
In the above-mentioned case, the switch data, which is
stored in the data area 86b of the tone color memory 88 and which
also corresponds to the input data ID1 supplied to the gate
circuit.GT provided in the pre-stage mixing portion MIXI1 (see
FIG. 4), is changed from a switch-off sfate to a switch-on state.
Thus, a switch-off image which is displayed'at the pictorial
display area 4cl is changed to a switch-on image. Further, a
numeric value corresponding to the multiplication coefficient of
the mu;tiplier MLT, corresponding to the input data ID1, provided
in the pre-stage mixing portion MIXI1 is displayed at a numeric
display area 4c2 which is arranged on the left of the pictorial
display area 4cl in the display screen of the display unit 4.
Then, the changed switch data is transferred to the sound-effect
operétion portion 19 (see FIG. 8), so that it is written at its
corresponding address in the switch register 35 under operations
of the aforementioned circuit elements 39 to 42 shown in FIG. 9.
When increasing the multiplication coefficient of the
multiplier MLT, corresponding to the input data ID1, provided in

the pre-stage mixing portion MIXI1 by one, the performer operates

the mouse 7 so as to correspondingly move the cyfﬁﬁﬁ‘ﬁﬁﬁ ‘p¥efcBERN
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on a right-half portion of the numeric display ;;Ea 4c2, and
then, the performer clicks the mouse button once. Thus, the CPU
1 increments the multiplication coefficient data, stored in the
data area 86b of the tone color memory 86 (see FIG. 20), by "1",
so that a numeric value displayed is correspondingly increaséd by
"1". Further, the multiplication coefficient data incremented by
the CPU 1 1s transferred to the sound-effect operation portion 18
(see FIG. 8), so that 1t is written at its corresponding address
in the.volume register 37 provided in the mixing information
supply portion 20.
In contrast, when decreasing the multiplication coefficient
.of the multiplier MLT, corresponding to the input data ID1
regarding the sound effect EFl, provided in the pre-stage mixing
"portion MIXI1 by one, the performer operates the mouse 7 to
correspondingly move the cursor 4b and place it on a left-half
portion of the numeric display area 4c2, and then, the performer
clicks the mouse button omce.
In the present embodiment, each of numeric values "0" to
"10" can be selectéd as the multiplication coefficient of the
multiplier MLT. Thus, in order to obtain the desired
- multiplication coefficient, the performer operates the mouse 7 to
correspondingly move the cursor 4b and place it on the right-half
portion or left-half portion of the numeric display area 4c¢2 on
the display screen of the display unit 4, and then, the performer
clicks the mouse button by plural times.
In the meantime, the performer can select a series of

operations in which the input data ID1 and ID2 outputted from the
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processing junpsS 10 Step SAI: - In step SA9,

SSes

predeterm ned progRs§es Hal hc than the aforenentioned proce
are performed,  1mmmmENiii ?%er t he processing ur ﬁggi
af or e- mu m ﬂt SA2. Thus, until thg ﬁM@@&?

st opped, the above- esses of steps SA2 to SA9
repeat edl y perfornmed. Next, the tqnd-chifortti¢hi®8di fg
process to be per f or med .by58he CPU 1 wi |l {bg described in
detail by referring to a flowhart shown iln FIG 19

e

dre

sound source circuit 13 are mixed together by the mixer 18; and
then, the sound effect EF1 is applied to the mixed data in the
sound effect imparting apparatus 14. Such operations cén be
changed to another series of operations in which the sound effect
EFl is imparted to the input data ID1 only. In this case, the
performer operates the mouse 7 to move the _cursor 4b and place it
on the pictorial display area corresponding to the input data ID2
shown in FIG. 22, and then, the performer clicks the mouse
button. Thus, under the operations of the CPU 1, the switch
data, which 1s stored in the data area 86b of the tome color

- memory 86 (see FIG. 20) and which also corresponds to the input

data ID2 supplied to the gate circuit GT of the pre-stage mixing
poftion MIXI1l, 1s changed from a switch-on state to a switch-off
state; and consequently, a switch-on image of the pictorial
display area is changed to a switch-off image, while erasing a
numeric value which is displayed at the numeric display area as
the multiplication coefficient of the multiplier MLT,
corresponding to the inmput data ID2, provided in the pre-stage
mixing portion MIXI1. Then, the switch data changed by the CPU 1
is transferred to the sound-effect‘operation portion 19 as shown:
in FIG. 8. Thus, the switch data changed is written at its
corresponding address in the switch register 35 under the
operations of the circuit elements 39 to 42 shown in FIG. 9.

Incidenpally. the operations similar to the above-mentioned
operations regarding the sound effect EFl are also performed with
respect to each of the other sound effects.EFz to EFS; hence, the
detailed description thereof will be omitted.

When completing the mixing-information chan 5
REPLACED




When the processing of the CPU 1 reaches step SA3in FIG 18, a

—color-data area

routine of the tone-color changing process as shown in FIG 19
is activated. At first, the processi ng prgeeeds—t0 . .
Her ei i—the—C€PU1 searches the tone col or dBEBbMBﬁ@%@EgﬁEE% to
a tone ) ol.or nunber (i.e., a serial nunber Fed"to eac

t het one ‘8] %t he system) which is designatled 17 L1897 Hy
oper at i ng I r switch 9 byt perfornmer: and n

t he tone read out froma tone-

86a of a tone color nenory 86 shown

described heretofore, the prqcessing of the CPU 1 proceeds to

step SC3 shown in FIG. 21.

In step SC3, the CPU 1 performs a sound-effect changing

process, by which the kind of the sound effect

to be employed as

each of the sound effects EF1l to EFS is changed so that the

changed sound effect is displayed by the display unit 4.

According to the sound-effect changing process, it is possible to

change the kind of the sound effect EFl from the chorus effect

(represented by "CHORUS" in FIG. 22) to a flange-l effect

(represented by "FLANGE1"), for example. In this case, the

performer operates the mouse 7 to move the cursor 4b and place it

on an icon "2. FLANGE1l" displayed at the sound-effect display

area 4c3 (see FIG. 22) on the display screen of the display unit

4, and then, the performer clicks the mouse button once. Thus,

the CPU 1 writes the effect number for the flange-1 effect,

representing the changed sound effect, into the data area 86b of

the tone color memory 86 shown in FIG. 20. By

use of the effect

number, the CPU 1 refers to the head address ROM_(see FIG. 17(a))

so as to read out the corresponding héad address. This head

address is transferred to the sound effect imparting apparatus

14, in which it is written into the area 77a of the head address

register 77 (see FIG. 16) provided in the address producing

portion 23.

Moreover, the CPU 1 accesses to an area 88b of a fundamental

data ROM 88 (see FIG. 30) which forms a part of the ROM 2. This

area 88b 1s provided for the flange-1 effect, and it stores

fundamental data (i.e., default values) of the
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in FIG 20. The tone color data read fromthe tone col or menory

86 is transferred to the sound source circuit 13. Ther eafter,
t he processing proceeds to step SB2. The
above-nmenti oned-tone color nenory 86 for HEpgﬁ@ﬁmngtQMEERAM 3,
and such tone color menory S provided foy

col ors. e This Skeet Has Been Replaced age area of the tpn c| b is
di vi ded |nto sev- area§6|- e., the tonp-¢ol'o dé 364,
a data area F1, a data‘area 86c¢ o Pa
86d

a data area 86e for EF4, a data area 86f for

coefficlent data and address data in connection with the flange-~1
effect. Those fundamental data read from the area 88b of the
fundamental data ROM 88 are.written into the data area 86b of the
tone color memory 86 (see FIG. 20), while the CPU 1 changes the
corresponding images displayed by the display unit 4. In other
words, the CPU 1 etops enhancing the icon "1. CHORUS" so as to
enhance another icon "2. FLANGE1l".

Furthermore, the CPU 1 transfers the fundamental data of the
LFO data, coefficient data and address data to the sound-effect
operation portion 19 shown in FIG. 8, in which those data are
respectively written at their corresponding addresses of the LFO
register 44, coefficient register 46 and address register 47.

Incidentally, the eperations as similar to the above-
mentioned operations regarding the sound effect EF1l are performed
with respect to each of the other sound effects EF2 to EFS;
hence, the detailed description thereof will be omitted.

After completing the sound-effect changing process described
heretofore, the processing of the CPU 1 proceeds to step SC4
shown in FIG. 21. .

In step SC4, the CPU 1 performs an effect-parameter changing
process, by which the effect parameters used for each of the
sound effects EFl ﬁo EF5 are changed, so that the changed effect
parameters are displayed by the display unit 4. According to the
effect-parameter changing process, it is possible to change
several kinds of effect parameters used for the chorus effect
selected as the sound effect EF1L, for example. In order to do

- so, the performer operates the mouse 7 to move the cursor 4b and

place it on the icon “"1. CHORUS" displayed in tﬁ~




EF5 and an output-data area 86g. The tone- color-data area 86a
stores the tone color data and tﬁém§thHmdm&ﬂa representing the

name of the tone color and the lik of which are
transferred to the sound source ci ”
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display area 4c3 (see FIG. 22) on the displ
display unit 4, and then, the performer clicks the mouse button
twice. Thus, the CPU 1 reads out the correspdnding image
information from the ROM 2, while the CPU 1 also reads out thé
LFO data, coefficient data and address data from the data area ..
86b of the tone color memory 86 shown in FIG. 20. Then, the CPU
1 works to display a window area'in proximity to the icon "1.
CHORUS" in the sound-effect display area 4c3 as éhown in FIG. 31.
This area displays current values of three effect parameters in
connection with the chorus effect.

In an example shown in FIG. 31, a chorus-modulation
frequency (represented by "Chorus Mod. Freq”) 1s set at 20 Hz: a
chorus-pitch-modulation depth (represented by "Chorus PM Depth")
is set at 50%; and a chorus-amplitude-modulation depth
(represented by "Chorus AM Depth") 1is set at 40%.

In order to change the chorus-modulation freéueqcy. the
performer operates the mouse 7 to move the cursor 4b and place it
on a window area 4c4 which 1s arranged at a right portion of a
displaf area in which characters "1. Chorus Mod. Freq =" are
displayed, aﬁd then, the performer clicks the mouse button by'
plural times.

In response to the clickihg operations of the mouse button,
the CPU 1 changes the displayed frequency value so as to display
predetermined fréquency values, e.g., 20Hz, 40Hz, 60Hz, ... at
the window area 4c4 in turn. In response to the chorus
modulation frequency changed, the CPU 1 changes the effect

parameters, l.e., LFO data, coefficient data and address data
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- 39- In the present enbodi ment, one nusical tone

Is fornmed by synthesizing plural sounds. Because, the pr esent
enbodi ment i s designed such that plural sounds (e.g., naxinmum four
sounds) can beghiEbietidfiEReen R, eplaced ously produced in connect

key- depresion %"ll MIlﬂmlle n this case, the tone-

st or es e col or data each of whj
which are stored in the data area 86b of the ton

- 58 =

(see FIG. 20). Further, the LFO data, coefficient data
address data which are changed by the CPU 1 are transferred to
the sound-effect operation portién 19 (see FIG. 8), in which
those data are respectively wriften at their corresponding
addresses of the LFO register 44, coefficlent register 46 and
address register 47. |

Incideptally. the operations as similar to the above-
mentioned qperatiéns regarding the sound effect EF1l are performed
with respect to each of the other sound effects EF2 to EFS. More
specifically, the performer moves the cursor 4b and place it on
the enhance portion of the display area 4c3, and then, the
performer clicks the mouse button twice; and consequently, the
effect parameters corresponding to the enhanced portion are
displayed on the display screen, so that the performer can
arbitrarily change each of the values of the effect parameters.

After completing the effect-parameter changing process
described heretofore, the processing of the CPU 21 proceeds to
step SC5 shown in FIG. 21. _

In step SCS. the CPU 1 performs an effect-balance changing
process, by which an effect balance applied between the foregoing
operation data and mixed data with respect to each of the sound
effects EF1 to EF5 is changed. so that the changed effect balance
is displayed by the display unit 4. For example, a ratio by
which the mixed data EM1 is contained in the output data E10L in
connection with the sound effect EF1 can be changed by the
performer. In order to raise such ratio, the performer operates

the mouse 7 to move the cursor 4b and place it on a left half
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-
duce each of the sounds form ng one nusical tone. Each of
the data areas 86b to 86f has the §hﬂﬁwafhsBmquﬂ£&ﬁlgUFathﬂ Therefore,

each data area stores siXx .€e., an effgg
representing the sound eff k118
data rep- resenting on/off 's a gateR ) '

mul - tiplication coefficient data representijngft
tion coefficients of the nultiplier poP3%on 29 (see G §)7
provided in the m xer 18, LFO data, coefficient data,} ahd
data consisting of the effect paraneters.

portion of a numeric display area 4c5, and thens performer
clicks the mouse button by plural times. Thus, the CPU 1 changes
the coefficient data stored in the data area 86b of the tone

color memory 86 shown in FIG. 20, while the CPU 1 also changes

the corresponding images displayed by the display unit 4. Then,
the CPU 1 transfers the changed coefficient data to the sound-
effect operation portion 19 (see FIG. 8), in which it is written
at its corresponding address of the coefficient register 46.

Incidentally, a method of changing the coefficient data is
similar to the aforementioned method of increasing or decreasing
the multiplication coefficient of the multiplier MLT,
corresponding to the input data ID1, which is provided in the
pre-stage mixing portion MIXI1 in connection with the sound
effect EF1l; hence, the detailed description thereof will be
omitted. |

Moreover, the operations as similar to the above-mentioned
operations regarding the sound effect EF1l are performed with
respect to each of the sound effects EF2 to EF5; hence, the
detailed description thereof will be omitted.

After completing the effect-balance changing process
described heretofore, the processing of the CPU 1 returns back to
the aforementioned main routine, in which the processing proceeds
to step SAS.

.Next. the operation timings of the mixer 18 and sound-effect
operation portion 19 will be described in detail by referring to
timing charts shown in FIGS. 3. 32 and 33. FIG. 3(a) shows the

count values outputted from the counter 79 shown Ln FIG. 15,
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Mor eover, the output-data area 86g—stores mul tiplication .
coefficient data a@ﬂs§¥&§ﬁ§h&§£a corre- sponding to the

af orenmenti oned out pt portions M XO7 and
respectively shown ,Im ﬂm 5(E) and 5(F).
the data stored - ta areas 86b to 86f,RE

provi ded for t he sound effects EF1 to EF5, anpd §§Pr diin
t he out put -data area 86g cam ®® thanged in atcérdapcalil }

wi th the nouse process, the details of which will be bed
| ater.

while FIG. 3(b) shows input timings at which the effect pro
are inputted into the sound-effect operation portidn 19. As
shown in FIG. 15, the effect programs respectively corresponding
to the sound effects EF1 to EF5 which are selected by the
performer are sequentially read out from the head addresses of
the effect program memory 22, which are respectively stored in
the areas 77a to 77e of the head address register 77; and then,
those effecr programs are inﬁutted into the sound-effect
operation portion 19 at the input timings shown in FIG. 3(b).
The above-mentioned reading operatidns and inputting operations
are completely carried out within 1 DAC cycle.

FIG. 3(c) indicates input timings at which the
aforementioned mixed data EM1, EM2, EM3, EM4, EMSL and EMSR given
from the temporary RAM 63 (see FIG. 8) are respectively inputted
into the sound-effect computation circuit ECC. As shown in FIG.
3(c), each of the mixed data EM1 to EM4 is inputtéd into the
sound-effect computation circuit ECC at a first operational step
of each of the sound effects EF1 to EF4, while the mixed data
EMSL and EMSR are sequentially_inputted into the sound-effect
computation circuit ECC at first two operational steps of the
sound effect EFS.

FIG. 3(d) indicates input timings at which the operation
data EX1L, EX1R, EX2L, EX2R, EX3, EX4, EXSL and EXSR given from
the sound-effect computation circuit ECC are respectively
inputted into the temporéry_RAM 83. As shown in FIG. 3(d). each

" .. of those data is inputted into the temporary RAM 63 at a certain

operational step which is delayed behind the first operational

'step of each of the sound effects EF1 to EFS by ruidekayr GhRereny
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| A—step—SB2;—theeffect nunber is read fromthe data area 86b for

EF1 rOV|ded I n the(fone col or nenory 86 shown in FIG 20; the
hea pondlng to the effect program desi gnated by the-tead
effe ﬁﬁﬁﬁ er is read fromthe head address RdMR@LAOEM/Ev&T SHEET
in F then, the head address is witten in thepr ea
77a of the head address register 77 (see FIG L6 ?v Q§Q3gp he
address producing portion 23. After = 61 - conpleting tfeﬁp oé Ss teép
SB2, the processing pro- ceeds to step SB3.

corresponding to four clocks ¢ . In FIG. 3(d), ol "D"

denotes a delay time corresponding to one clock ¢ ,. The reason

why the ihput timing of the operation data is delayed behind the

input timing of the mixed data by the delay time corresponding to
four clocks ¢4 o 1s that the sound-effect computation circuit ECC

requires the'ébmputation time corresponding to four clocks ¢0-

' FIG. 3(e) shows the control codes to be supplied to the
selector 76 shown in FIG. 8. When éach control code is set at
"1" level, the selector 76 selectively outputs fhe data supplied
to its input terminal "a". As described before, the mixed data
EM1, EM2, EM3, EM4, EMS5L and EMSR outputted from the delay
circuit 32 (see FIG. 8) of the mixer 18 are supplied to the input
terminal "a" of the selector 768, so that each of those data is
selectively outputted when the control code is set at "1” levél.
FIG. 3(f) shows input timings at which the mixed data outputted
from the selector 76 are respectively inputted into the temporary
RAM 63. Incidentally, a timing at which each of the mixed data
1s produced will be described later.

FIG. 3(g) shows input timings at which the musical tone data
outpﬁtted from the delay circuit 32 shown in FIG. 6 are inputted
to the parallel-to-serial converter 34 provided in the mixer 18,
wherein those musical tone data are eventually'outputted toward
the external device and the like. In other words, those input
timings shown in FIG. 3(g) indicate output timings of the output-
stage mixing portiohs MIX07 and MIX08 shown in FIG. S(E) and
5(F).

FIG. 3(h) shows the control code which is supplied to the
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In step SB3, the sane process of step SB2 i s
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selector 28 shown in FIG. 6. When the control code is set at "1"
level, the selector 28 selectively outputs the data supplied to
its input terminal "b". More specifically, the aforementioned
operation data EX1L, EX1R, EX2L, EX2R, EX3, EX4, EXS5L and EXSR
read from the temporary RAM 63 shown in FIG. 8 are selectively
outputted from the selector 28 when the control code is at "1"
level. _

On the other hand, when khe control code supplied to the
selector 28 is set at "0" level, the selector 28 selectively
outputs the data supplied fo_its input terminal "a”. More
specifically, the aforementionéd input data ID1 to ID4, external
input data GD1, GD2, output data E1OL, -E1O0R, E20L, E20R, E30,
E40, ESOL and ESOR outputted from the mixer RAM 27 or latch
circuit 27a are selectively outputted from the selector 28 when
the control code is set at "0" level.

Incidentally, when both of the control codes respectively -
shown in FIGs. 3(e) and 3(h) are set at "o" level, the sound-
effect.computation circuit ECC can ﬁrite the data into the
temporary RAM 63 or read the data from the temporary RAM 63.

FiG. 3(1) shows input timings a§ which the data are inputted
into the multiplier portion 29 provided in the mixer 18. In FIG.
3(1), periods of time represented by symbols "MIXI1" to "MIXI6",
"MIXO7" and "MIXO8" indicate input timings corresponding to the
aforementioned pre-stage mixing portions MIXI1 to MIXI6 and the
output-stage mixing portions MIX07 and MIX08 respectively shown
in FIGS. 4, S(A) to S(F). Incidentally, a period of time
represented by a term "EFFECT WAVEFORM MIXED" shown in FIG. 3(1i)

indicates input timings corresponding to the post-stage mixing
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erformed with respect to t effects EF2 to EF5. More
gpemflcal |y, the head addrgl%ﬁéepﬁa5§&n%q ding to the effect nunbers
stored in the data areas 860m|ﬂ mumm Had fromthe head Tels gie)
(see FIG 17(a)); and then, | resses are f '
into the areas 77b to 77e in the head address regi stef
Then, the processing proceeds to step I

data, nultiplication co- efficient dat TFO data, co
addr ess

portions MIXOl to MIXO5 respectively shown in FI6ST 4 and S(A) to
5(D). Further, a mixing operation corresponding to each 6f the
pre-stage mixing portions MIXI1l to MIXI8 and output-stage mixing
portions MIX07 and MIXO08 is carried out in a period of time
corresponding to twenty-eig‘hf clocks ¢ o, while an operation of
mixing the effect waveforms is carried out in a period of time
-corresponding to thirty-two clocks ¢ o- As described before, the
operation clock of the mixer 18 is represented by "¢_1"; however, .
in the timing charts shown in FIGS. 3, 32 and 33, a numeric value
representing the number of clocks ¢4 (i.e., 0, 2, 4, ...) is
indicated by the timing of the clock ¢ o in order to simplify the
iliustration.of each timing chart.

FIG. 32 shows input timings corresponding to the pre-stage
mixing portion MIXI3. Herein, FIG. 32(a) shows a part of FIG.
3(1), while FIG. 32(b) indicates read-out timings for the data
which are fespectively read from the mixer RAM 27. As shown in
FIG. 32(b), the data stored. in the.mixer RAM 27 are sequentially
read out in an order of the addresses shown in FIG. 7.

FIG. 32(c) indicates a clear signal which is provided to
clear the gate 33 shown in FIG. 6. The reason why a leading-edge
timing of the clear signal is delayed behind the first
operational step (represented by a numeric value "0") of the
mixing operation corresponding to the pre-stage mixing portion
MIXI3 by a certain period of time corresponding to four clocks
¢ o is that the operation time of the multiplier portion 29 is

set equal to four clocks $o- As described before, the mixing

operation of the aforementioned pre-stage mixing portion MIXI2
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data are read fron1the data area 86b for EF1; and then, those data are

respectively traﬁ§$§hméﬂwbanhﬁmﬁPU bus 5 to the SMAtCh regi ster

regi ster 37, LFO r coefficient register

regi ster 47 shomn reafter, the processilngE p

SB5. In step SB5, e sane p ss of step SB4 is penfdrme "l h,JngsReqt
htkwﬁc “datla,

t he ot her sound effects EF2 to EF5. Nbé@ speci fi cal
mul tiplication coefficient data, LFO data, coefficie

results in a production of the mixed data EM2
the éound effect portion EF2. At the leading-edge timing of the
clear signal, the mixed data EM2 is stored at the predetermined
address of the temporary RAM 63'prov1ded in the sound-effect
operation portion 19 as shown in FIG. 32(d). Similarly, at the
next leading-edge timing of the clear signal which is delayed

| behind the first operational step of the mixing operation of the
pre-stage mixing portion MIXitL by four clocks ¢ o, the mixed data
EM3 outputted from the pre-stage mixing portion MIXI3 is stored
at the predetermined address of the temporary RAM 63 provided in
the sound-effect operation portion 19 as shown in FIG. 32(d). In
order to store the mixed data in the temporary RAM 63 at the
above-mentioned timing, the control code (see FIG. 3(e)) supplied
to the selector 76 is set at "1" level at a timing which is
delayed behind a start timing of each mixing operation

(represented by "MIX1" etc. in FIG. 3(1i)) by "eD-2D", while each

mixed data outputted from'the selector 78 is inputted into the
temporary RAM 63 at a timing (see FIG. 3(f)) which is delayed
behind the start timing of each mixing operation by "6&D-2D".
FIG. 32(e) shows timings at which the switch data stored in
the switch register 35 provided in the sound-effect operation
portion 19 shown in FIG. 8 are converted into serial switch
signals SD'by the parallel-to-serial converter 36 so that they
are sequentially Qupplied to the gate 30 provided in the mixer 18
shown in FIG. 6. The reason why there provided fourteen switch
signals SD3 in FIG. 32(e) is that the maximum fourteen kinds of
musical tone data can be inputted into the mixer 18. Within the

fourteen kinds of musical tone data, a certain number of the
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data are read fromthe—respective data areas 86¢c to 86f which are provided

for the sound effects EF2 to EF5 re- spectively; and then, those data are

transferr@@ Gr s 35, 37, 44, 46 and 47.'Thereafter t he
process- step SB6. In step SB6, Wft,-g,ja\ dgHRET
and nultlpll cient data are read fromthe outjp t F:

and t hen, they are respectlvely transferred to the regis-
shown in FIG 8. Thereafter, the proceésxs-~ing of the CPU
t he foregoing main rou-

tféﬁu:f’ﬁs e \o

musical tone data are designated by the performer ih order to
perform the mixing operations, so that the corresponding switch
signals SD3 are only set at "1" level. In other words, the
remained musical tone data are not subjected to mixing
operations, so that the corresponding switch signals SD3 are
remained at "0" level. .

FIG. 33 shows input timings corresponding to the post-stage'
mixing portions MIXO1 to MIXOS shown in FIGS. 4 and 5(A) to 5(D).
FIG. 33(a) indicates a part of FIG. 3(i), while FIG. 33(b)
indicates'read—put timings at which the data are sequentially
read from the temporary RAM 63 provided in the sound-effect
operation portion 19 shown in FIG. 8. As shown in FIG. 33(b),
the data stored in the tempo;ary RAM 63 are sequentially read out
in a predetermined order, by which the mixed data EM1, operatiom
data EX1L, mixed data EM1, operation data EXIR, ... are
sequentially read out. In other words, the dry musical tone data
and the wet musical tone data are alternatifely read out from the
temporary RAM 63. _

FIG. 33(c) iﬁdicates a clear signal which clears the gate 33
shown.in FIG. 6. On the basis of the same reason which has been
described in conjunction with FIG. 32(c), a leading-edge timing
of the clear signal shown in FIG. 33(c) is delayed behind the
first operational step of the mixing operation by four clocks
# 9. The reason why the level of the clear signal is
alternatively changed between "1" and "0" is to carry out a
mixing operation on a pair of the dry musical tone data and wet

musical tone data, and then. to clear the result of the mixing
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tine shown in FIG 18; and then, the processing pro- ceeds to step SA4.
Next, the mpuse process to be performed by the CPU 1 will be described in
detmis ShebyHak Béc@ REjI4eg1 t O t he

[

operation.

- 66 -

FIG. 33(d) shows write timings at which the output data of
the post-stage mixing portions are sequentially written into the
mixer RAM 27 provided in the mixer 18 shown in FIG. 6. In this
case, due to the complicated operations to be performed by the
multiplier portion 29 and the accumulator consisting of the
circuits elements 30 to 33, the write timing of the output data
E10L is delayed behind the first operational step of the mixing
operation by eight clocks ¢ 3. More specifically, the mixed data
EM1 outputted from the pre-stage mixing portion MIXI1 (see FIG.

. 4) is'muitiplied by the predetermined multiplication coefficient
by the multiplier portion 29; and then, the corresponding
operation data EX1L outputted from the sound effect portion EF1
is further multiplied by the predetermined multiplication
coefficient by the multiplier portion 29; thereafter, those data
are accumulated by the accumulator. |

FIG. 33(e) shows write timings at which the data are written
into the mixer RAM 27 provided in the mixer 18 shown in FIG. 6 in
a8 certain DAC cycle, while FIG. 33(f) shows read-out timings at
which the fourteén kinds of input data, qontaining the input data
ID1, ID2, ID3, ..., used in the pre-stage mixing poftion are
sequentially read from the mixer RAM 27. Among those data, the
first three data ID1, ID2 and ID3 are read from the mixer RAM 27
and are set in the latch circuit 27a in advance during the last
duration of the current DAC cycle and the first duration of the
next DAC cycle. This is because only three data can be read from
the mixer RAM 27 in the next DAC cycle. More specifically, in
the next DAC cycle as shown in FIG. 33(d)., the output.data EESQL.___
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flomchart shown in FIG 21. When the processing of the CPU

1 reaches step SA4 shown in FI GmgheetaHasBemRnéacaf t he nouse proc- ess as

shown i

n FIG 21 is started. At f
SC1, in which a display process

process,

ess- i ng_proceeds. to._step
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a dis-

is written into the mixer RAM 27 in the duration corresponding to
the first two clocks ¢ ,:; and then, the output data EF50R is
written into the mixer RAM 27 during the duration between a
fourth-clock timing and a sixth-clock timing, resulting that a
limited number of the input data, 1.e., only three input data
ID1, ID2 and ID3, can be read from the mixer RAM 27 in the next
DAC c&cle. FIG. 33(g) shows output timings at which the data are
sequentially outputted from the selector 28 shown in FIG. 6 in
the next DAC cycle. As shown in FIG. 33(g), only three input
data ID1, ID2 and IDS are read from the latch circuit 27a, while
the other data are read from the mixer RAM 27. Thus, the mixing
operation of the pre-stage mixing portion MIXI1 can be performed
at the timing which is similar to the operation timing of the
mixing operation corresponding to the pre-stage mixing portion
MIXI3 as shown in FIG. 32.

As described heretofore, on the basis of the switch data
stored in the switch register 35 and the multiplication
coefficient data stored in the volume register 37, the mixer 18
performs the mixing operations on the input data ID1 through the
output data ESOR.'stofed in the mixer RAM 27, thus producing the
mixed data EM1 to EMS5R during the duration between operational-
step 0 to operational-step 187 (see F1G. 3). Then, those data
are written into the temporary RAM 63 at the timings shown in
FIG. 3(f).

Further, on the basis of.the switch data stored in the
éwitch register 35 and the_multiplication coefficient data stored

in the volume register 37, the mixer performs the mixing
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pl ayed i mage which is displ ayed on the dlsplay screen of the display unit 4
is controll ed. FI GrhigsheetfioyBeenRentaged anpl e of the di played i mge, wherein a

i
nuneral 4a de- note a which is displayed-onT 1S
screen at its Iovverﬂﬂ““ “H HMIﬁmeral 4b denotes a ¢ulREP &E&J @*%‘sition

Is controlled by the nouse L; and a nuneral 4c denotGSja arspl ay arﬁ§ whi ch

I's displayed on the display screen at _its upper porti FQrtHhsFQE when
t he performer operates the nouse 7 fo ﬁove the cursorf 4b and place ifl gn a
icon "EF1" in the display area

operations on the input data ID1 through the output data ESOR

. stored in the mixer RAM 27, thus producing the output data OUT1
and OUT2 during the duration between operational-step 168 and
operationa1¥step 223 (see FIG. 3). Those data are outputted to
the sdund system 17 at the timings as shown in FIG. 3(g).

In the duration between operational-step 224 and
operational-step 255, the mixer 18 performs the mixing operations
on the mixed data EM1 to EMSR and the operation data EX1L to EXSR
stored in the temporary RAM 63 so as to produce the outpﬁt data
E10L to ESOR on the basis of the multiplication coefficient data
stored in the volume register 37. Those data are writfen into
the mixer RAM 27 at the timings as shown in FIG. 3(d).
Incidentally, during the operational step (see FIG. 33(e)) in
which the above-mentioned output data E10L to E50R are not
written into the mixer RAM 27, the aforementioned input data ID1
through the extermal input data GD2 are written into the mixer
RAM 27. |

As shown in FIG. 3(c), the mixed data EM1l to EMSR stored in
the temporary RAM 63 are inputted into the sound-effect
computation circuit ECC and the delay RAM 48 at the first
operational step (or first and second operational steps) of the
nixing operations corresponding to the sound effects EF1 to EF5.
Those data EM1 to EMSR inputted into the sound-effect computation
circuit ECC and the delay RAM 48 are subjected to computations
and delay operations, so that they are converted into the
operation data EX1L to EXSR, which are written into the temporary
RAM 63 at the timings as shown in FIG. 3(d). '

Next, FIG. 34 shows an example of a chorusg=
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4a, and t“Eﬁ“‘Fﬁ”“bETTIWme—eI|cks t he nouse button, the CPU 1 reads out

vi deo |nforqﬁ&mg&, a d|n the pre- stagem xing portion M XI'1, the sound
ef f ect portl st stage m xi ng portion hkl&ﬂ~4see—¥+€zéégr
from an |mag rea 87A (see FIG 28) pro- vREB{d\UEM&NTeo
wherein this lon area 87a is provided fdr gter+aAg—tmage

information (or graphic information) gggardlng the souUn l CQ;EE@
Further, the effect nunber, switch data, multiplicatign go |C|ent dat al,
coefficient data and address data are read from

L
portion which works to impart the chorus effect to the musical

'tone data, displayed by the display unit 4 as shown in FIG. 22,
in cooperation with the mixer (see FIG. 6), sound-effect
operation portion 19 and delay RAM 48 (see FIG. 8). In the delay
RAM 48 shown in FIG. 34, terms "RA+LFO1(I)", "RA+LFO02(I)" and
"RA+LFO3(I)" indicate read-out addresses. These read-out
addresses also indicate that the data to be read out is modulated
in response to three LFO waveforms LFOl1 to LF03 as shown in FIG.
35(A)., in other words, the pitch modulation is performed
responsi%e to those waveforms. Each of multiplication
coefficients applied to multipliers 8%a to 89c is altered
responsive to each of LFO waveforms LFO4 to LF06 shown in FIG.
35(B). In other words, the data respectively inputted into the
multipliers 89a to 89c are subjected to amplitude modulation.

 The above-mentioned chorus-effect imparting portion shown in
FIG. 34 functions to impart the chorus effect to the musical tone
data in accordance with effect programs, the examples of which
are shown in FIGS. 36 to 38. In the aforementioned sound effect
portion EF1, the sound-effect imparting operation is carried'out
duriné the duration between operational-step 0 to operational-
step 55.. In FIGS. 36 to 38, a term "C-SEL"™ corresponds to the
selector 768 shown in FIG. 8; terms "C-RAM" and "T-RAM"
respectively correspond to the temporary RAMs 63 and 62 shown in
FIG. 8; a term "I-SEL" corresponds to the selector 58 shown in
FIG. 8; and a term "I-RAM" corresponds to the temporary RAM 59
shown in FIG. 8.

Further, a term "X-SEL" corresponds to the selector 67 shown
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the data area 86b provided in the tone color nmenory 86, so that a

p1CUCLEIHiﬂed graphic pattern as shown in FIG 22 is displayed at the

I’ES
m Xi
m Xi

1s%¥ e?lrlg%eé(i{e laced The above-nentioned inmage information-+efr:

i

represents a part of the whole grapﬁ
on the display screen. The other parts are dis-

t he whol e graphic i mage correspondig-t mg\pr%"
Hll the sound effect portion EF1l afdREW
I n other words, 5he | mage |nforna

| mage whi ch ca

latch circuits 65 and 64 shown in FIG. 8; terms "Y-SEL" and "B-

SEL" respectively correspond to the selectors 66 and 69 shown in
FIG. 8: and a term "subtracter" corresponds to the subtracter 72
shown in FIG. 8. In a row of "subtracter” shown in FIGS. 36 to
38, a letter "H" represents an operational step at which the
subtraction is performed, while the addition is performed at the
other operational steps. Moreover, a term "SHIFT" corresponds to
the shifter 73 shown in FIG. 8; a term "DW" corresponds to the
latch circuit 75 shown in FIG. 8; a term "IX" corresponds to the
latch circuit 49; a term "GATE" corresponds to the gate 50 shown
in FIG. 8; a term "DELAY RAM" corresponds to the delay RAM 48
shown in FIG. 8.

In a row of "ADDRESS REGISTER" shown in FIG. 38, a value "0"

is written at a third operational step. This means that a data
value "0" is outputted as the address data in the third
operational step. In a row of "COEFFICIENT REGISTER" shown in
FIG. 38, a term "K1" is written at a forty-seventh operational
step. This means that coefficient data K1 is outputted at the
forty-seventh operational step. In a row of "LFO DATA" shown in
FIG. 36, a term "LFOl1" is written from operational step 0 to
operational step 7. This means that the aforementioned.LFo
waveform LFOl1 1is outputted as the LFO data.

Next, processings of the effect programs will be simply
described by referring to FIGS. 8 and 36.

At operational step 0, the input términal "a" of the
selector 76 (see "C-SEL" in FIG. 36) is selected, so that the

data outputted from the mixer 18 is written into the temporary
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pl ayed on_lth %heeﬁasgeent[{the data read fromthe

..']]_..

RAM 63 (see "C-RAM" in FIG. 36).

At operational step 1, the data 1s read from a register C1l
of the temporary RAM 63 (see "C-RAM"), while the input terminal
"a". of the selector 67 (see "X-SEL") 1is selected, so that the
read data is supplied to the second input terminal of the
multiplier 68. On the other hand, the input terminal "c¢" of the
selector 66 (see "Y-SEL") 1is selected, so that the data value "1"
is supplied to the first input terminal of the multiplier 68.
Thus, the above-mentioned data is multiplied by the data value
"1" in the multiplier 68, whose result of multiplication is added
with a data value "0" by the adder 71. 1In short, the musical
tone data which is obtained in operational step 0 is directly
outputted in operational step 1.

At operational step 2, a result of the addition performed by
the adder 71 is delayed by the delay circuit 74; and then, the
delayed data is témporarily stored in the latch circuit 75 (see
"DW"). At the same time, fhe iﬁput terminal "b" of the selector
58 (see "I-SEL") is selected, so that the aforementioned decimal
data of the LFO waveform LFO1l, outputted from the LFO 45, is
written into a register I1 of the temporary RAM 59 (see "I-RAM").
On the other hand, the aforementioned integral data of the LFO
waveform LFQl, outputted from the LFQ 45, is temporarily retalned
by the latch circuit 49 (see "IX").

At operational step 3, the data which 1s temporarily
retained by the latch circuit 75 (see "DW") is written into the
delay RAM 48 at its address O.

Thereafter, the pfedetermined processings are performed

" THIS GPU'JF !IA‘; REEN




86b provided for the sound effect EFl. As the otherparts

di spl ayed on t he @his$lieet\HasBeerBeplacddher e are provi ded a gpp— 1
numeric val ue whic on the right of each | REPLACEMENT SHEET
multiplier (i.e., _ see FIG 4), an on/off

state of each switch a an enhanced portion on the 17 jgg_ﬁﬁic n
:EF1" (indicating that the sound effect EF1 is now

sel ected), for exanple. - 72 - In FIG 22, I c val ug
"10" (representing the nultiplication ﬂoefficient "1") I8
only set for the nul - tiplier MLT, corrlesponding to the

i nput dafige} BlogéPd¥ional step 55, so that the chorus effect is
eventually imparted to the musical tone data (in this case, the
input data ID1).

According to the present embodiment as described heretofore,

‘the sound source circuit 13 is configured such that a plurality
of musical tone data, each of which is capable of representing
one sound through four sounds, are provided for each of plural
tone colors, and those musical tone data are stored in the tone-
color data area 88a of the tone color memory 86, while each of
the tone colors can be arbitrarily selected by the performer:
further, the musical tone data outputted from plural tone-
generation channels are supplied to the sound effect imparting
apparatus 14 as the input data ID1 to ID4 in response to the tone
color selected by the performer. Thus, in the sound effect
impartiﬁg apparatus 14, a plurality of sound effects can be
freely imparted to the input data ID1 to ID4 and the external
input data GD1 and GD2 in response to the operations of the mouse
7. 1In this case, a desired line connection among plural sound
effects can be arbitrarily determined, while a desired effect
balance can be arbitrarily selected. In short, it is possible to
raise a degree of freedom in the sound-effect imparting
operation.
[D] Modifications

_ In the embodiment described before, the head address ROM 77
i1s referred by the CPU 1 when the sound effect which is |
designated by thg performer in connection with each of the sound

effects EF1 to EFS i{s changed. However, the present invention is

not limited to that embodiment. For example, the = sct
THIS SHEET HAS BEEN
: REPLACED




fourteen kinds of nusical tone data, in the pre-stage

m xi ng portion MXI. Thus, only the input data IDl is .
Auk bhepd HaeBed Reppldead nul ti pl i cation coefficient "1" i“ﬁgﬁﬁﬁﬁgﬁﬁﬁﬁ H

ti _ out put of which is transmtted to
soﬂ 101 | ti'on EF1 as the m xed data EML. In tih e 1007
SO portion EF1, a chorus effect is inpartdd {tol 7 R

the mixed data EML, resulting that thd&3aforenention
operation data EX1L and EX1R are produced. Those
data EX1L and EX1R are supplied to the mul-

and MLT3 each havi ng anuneric val ue "5"

operation portion 19 can be re-designed such that the head

operafi on
i T2

address 1s computed for each of the sound effects on the basis of
the effect number and the like.

In the embodiment, all of the sound effect portions EF1 to
EFS are used when imparﬁing the sound effects to the musical tone
data. However, even when a part of the sound effect portions EF1l
to EFS is only used, the sound effect imparting apparatus 14
according to the émbodimeﬁt can work well.

In the embodiment, & plurality of musical tone data are
outputted from a plurality of tone-generation channels of the
sound source circuit 13, so that those musical tone data are
supplied to the sound effect imparting apparatus 14 as the input
data ID1 to ID4 in response to their tone colors. The embodiment
can be re-designed such that the performer can arbitrarily select
one of the tone colors so as to supply the corresponding musical
tone data to the sound effect imparting apparatus 14. Or, one
musical tone data is divided into plural pieces each having a
predetermined frequency band by use of filters, so that each
biece of musical tone data is inputted into the sound effect
1méarting apparatus as its one input data.

Moreover, in the embodiment, the size of the program used
for each of the sound effects EF1 to EFS is fixed, while a
limited nqmber of sound effects are provided for each of the
sound effects EF1 to EFS. For example, seven kinds of sound
effects, containing the chorus effect and phaser effect, are
provided for the sound effect EFl, so that the other sound

effects cannot be selected for the sound effect EF1. The present

THIS SHEET HAS BEEN
REPLACED
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(representing a nultiplication coefficient "0.5"). Thus,

the operation_data EX1L and EXIR are nultiplied by the ~same
mul tiplication coefficient: "0 5" in the multipliers

and MLT3, the o’ﬁtu @,HeﬂfB edre respectively HEPMCEMEW@ﬂéEéd to
t he adders ADD1 t he : ad e Pt—adus

t oget her the Ieft nents : regpent 1097t he

m xed data EML an e op eratlon - 74 - dat a X L, while the dcer
ADD2 adds toget her the ’ ri ght -channel c@npgoments Wi th
respect to the m xed da- ' ta EML and tq operation data

EXIR Asigvggg éﬁ iérhot limited to such system design. In other words,

the size of the program used for each of the sound effects EF1l to
EFS 1s not fixed, so that any of desired sound effects can be
used for each of the sound effects EF1l to EFS. For example, the
reverberation effect is used for the sound effect EFl, while the
chorus effect is used as the sound effect EFS.

Since the program size is fixed in the embodiment, the
decoded value outputted from each of the decoder 55 (see FIG.
12), decoder 61 (see FIG. 13) and decoder 80 (see FIG. 15) must
be determined responsive to the same fixed range of the count
values as described before. However, in order to embody the
above-mentioned arbitrary selection of the sound effects, the
embodiment should be re-designed such that the range of the count
values which is used to ouﬁput the decoded value from each
decoder can be changed in response to the program size
arbitrarily selected for each sound effect. In the case of the
decoder 55, the same decoded value is outputted as long as the 8-
bit count value of the counter 54 belongs to each of the five
ranges, 1.e.. the first raﬁge between 0 and 55, the second range
between 56 and 111, the third range between 112 and 155. the
fourth range between 136 and 159 and the fifth range between 160
and 255. However, when the reverberation effect is selected for
the sound effect EF1l, the decoder 55 is re-designed to output the
same decoded value until the 8-bit count value of the counter 54

reaches "95".

In the description of the embodiment, an operation of

is not described. However, such operation can



out put data E1OL is obtained fromthe adder ADDL, while the
out put data ELIOR is obtained fromthe adder ADD2.

Simlarly, when the performer operates the
correspondi ngly nove the cursor 4b and

ot her icons "EF2", "EF3", "EF4",

“REPPACS

r\:j 1097 |

editing the line connection, as shown in FIG. 239, by hse of the

- 75 -

mouse 7. More specifically, the line connection among the sound
effects EF1l to EFS can be changed by rewriting the switch data
respectively stored in the tone color memory 86 and switch
register 35 in response to the editing operation which is
performed by use of the mouse 7.

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 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.

This Sheet Has Been Replaced
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-43- "EF5" ! PUT", the CPU 1 reads out the corre- sponding inmage
information fromeach of image-infor- mation areas 87b, 87c, 87d, 87e and
87f provi ded i Ahis SeetRabBein RE phetdi S case, the image information for the icon

"EF2" represents’ mlmmﬁ"mﬁm mxing portion MXI2, | Rep| ACEMENT SHEET
- 76 - 17 L1987
1. A sound effect imparting apparatus comprising:

musical tone generating means (13) for generating musical tone data;

program storing means (22) for storing a plurality of programs each of which
corresponds to one of a plurality of sound effects capable of being imparted to musical

~ tone data; and

program executing meéns (19) for executing at leasf one of the plurality of the
programs so as to impart at least one sound effect, corresponding to the at least one of
the plurality of programs, to musical tone data and/or audio data supplied thereto;

the sound effect imparting apparatus characterized by comprising:

input means (15) for inputting input data, such as musical tone data and/or
audio data, from an external device; and |

mixing means (18), connected to the musical tone generating means (13), the
program executing means (14) and the input means (15), for selecting and mixing at
least one data from among the generated musical tone data given from the musical tone
generating meaﬁs (13}, the effect-imparted musical tone data and/or effect-imparted
.audio data given from the program executing means (19), and the input data inputted
by the input means (15), | |

wherein the program executing means (19) receives the data selected and

mixed by the mixing means (18) as the musical tone data and/or audio data supplied

THIS SHEET HAS BEEN
REPLACED
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sound effect port‘i—crn—EFZ—adecrst—srage m xing portion M XQ2; the inmge
i nformation for theplcon nER sents the pre-stage mxing portion
M Xl 3, sound effect post-stage m xing portion M XOB3; the
i mage information fo II| Hj“« Ejiﬁgﬁ represents the pre- stage n xing

portion M Xl 4, soundlk EF4 and post-stag g&ﬁ%"ﬁi‘ﬁm ISREET%E

M XO4; the inmage infor- mation for the on "EF5" reprie
FFS anqﬂp%ﬂ_’ St

m X- ing Eortlons M XI5 and M Xl 6, sound effect porti
m xi ng pdheregh M XCOb; and the i nage

2. A sound effect imparting apparatus according to claim 1 € program
executing means includes a plurality of program executers (EF1-EF5) each of which
executes one of said programs so as to impart a sound effect to input data supplied
thereto, whilst the mixing means includes a plurality of input means (MiX1-6) each
of which is provided for each of said plurality of program executers and each of which
selects at least one data from among the generated musical tone data, the input data and
a plurality of output data which are respéctively outputted from said plurality of
prograrh executers, wherein said at least one data is supplied to said program executer
as said input data,

wherein the mixing means further includes input control means (20) which

supplies to said inpdt means a plurality of selecting information, each of which

designates said at least one data.

3. A sound effect imparting apparatus according to claim 1 wherein the program
_executing means includes a plurality of program executers (EF1-EFS5) each of which
sequentially executes said programs so as to impart the sound effects to input data
- supplied thereto, whilst the mixing means includes a plurality of mixers (MIX1-6)
each of which is provided for each of said plurality of program executers, wherein
each of the mixers mixes at least one data from among the generated musical tone data,
the input data and a plurality of output data which are respectively outputted from said
plurality of program executers, thus producing mixed data, which is supplied to said

program executing means as its input data.

4. A sound effect imparting apparatus according to claim 3 further comprising:

a plurality of sound-effect selecting means (24) for selecting a plurality of

A R



information for the icon "OUTPUT" represents other por- tions regarding the

out put operation. Mreover, the &fisS ceds\wi t ch dat a,
mul tiplication coefficient data, a and_a 25—l g r ead
fromeach of the data areas 86c, - f, [ ] _

and nmultiplication coefficient data are readfronthe o

provided in the tone color nenory 86 shown in FIG 20 hq i@g?ﬁ%?
correspondi ng graphic pattern is displ’/8ed at the dis y ‘atea 4c on
di spl ay screen of the display unit 4 as shown in each}of

sound effects so that said programs corresponding to selected sound effects are read

from said program storing means.

5. A sound effect imparting apparatus according to claim 4 further comprising:

an address designating means (23) for designating an address for each of said
programs corresponding to the selected sound effects, so that each of said programs
corresponding to the sejected sound effects is read from said program storing means at

the address designated by said address designating means.

6. A 'sound effect fmparting apparatus according to claim 2 further comprising:
line connection setting means (7) for setting a line connection representing a
relationship among the sound effects, | |
wherein the input control rﬁeans (20) designates one or some data from among
the generated musical tone data, the audio data and the plurality of outpu.t data on the
basis of said line connection set by said line connection setting means, so that the

designated one or some data are supplied to each of said mixers.

7. A sound effect imparting apparatus according to ciaim 6 further providing a
display means (4) which .displa{(s a graphic pattern corresponding to said line

connection set by said line connection setting means.

8. A sound effect imparting apparatus according to claim 3 or 6 wherein said
program executers and said mixers work in a time-division manner in synchronism

with each other.

9. A sound effect imparting apparatus according to claim 1 further comprising:

P T LN —
a plurality of post-stage mixing portions (MIXO1 to M{XQOS), Mﬁﬁizﬂh?cLN
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23 to 27. As shown in FIGS. 22 and 23, onlyseven kinds of sound
effects containing the chorus effect (represent- ed by "CHORUS') and a
phaser effect (represented by "PHASER') can be sel ectegd. for.the
effects EF1 and EF2 within el even ki nds of sound effegt
the effect prograns stored in the effect program rrerm%y.
e

17(,b) . As shown in FIGS. 24 and 25, only thr
effgcts containing a distortion-w t‘h-'é%]u‘al i zer

Ki {m}s !Qf| @Wn

mixes said selected and mixed data with the effect-imparted da;a thereof so as to
praduce output data, said output data being supplied to each of sax‘d plurality of mixers
as its input data,

whereby musical tones_to which the sound effects are imparted are produced on

the basis of said output data.
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The present invention relates to a sound effect
imparting apparatus which processes audio signals,
representing musical tone signals, so as to impart sev-

eral kinds of sound effects such as a chorus effect and

a reverberation effect to musical tones.

Accompanied with a recent development in a
technology for the digital signal processing, several
kinds of digital signal processors (i.e., DSPs) are man-
ufactured. Some of them can effect several kinds of
arithmetic operational processes to digital signals input-
ted theretc by executing a piurality of control programs.
Besides, accompanied with a recent progress in manu-
facturing processes of semiconductor devices, it be-
comes easy to obtairr DSP-type LS circuits.

In arr advanced: electronic musical instrument

recently devel’oped one sound effect impartingcircuitry

which lmparts a single: sound effect to the musicattone
is conﬁgured inform of one block (called as an effecter
block). A cembmatlon of those effecter blocks (i.e.,
sound effect imparting apparatus) can be equipped in a
DSP-type LSk circuit.

The above-mentioned sound effect imparting
apparatus has been disclosed in Japanese Patent Pub-
lication No.1-19593, which is filed by the present appli-
cant. Accordingto this apparatus, algorithmic structures
corresponding to a digital filter and a reverberation
sound forming circuit are configured in one sampling pe-
riod of digital musical tone datain a,timé-sharing manner
under instructions of control programs to be executed.
Then, a modulation effect and a reverberation effect are
respectively imparted to the musical tone date in a time-

OF RECEIPT.OAL0% I ......
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an be selected for

.s.haring manner. The papers of the above publication

describe that different sound effects can be imparted to
the same musical tone data in parallel. |
The above mentioned sound effect imparting
apparatus can respond five cases: a first case where
the modulation effect is only imparted to the musical
tone data; a second case where the reverberation effect
is only imparted to the musical tone data; a third case
where the reverberation effect is imparted to the musical
tone data after imparting the modulation effect; a fourth
case where the modulation effect is imparted to the mu-
sical tone data after imparting the reverberation effect;
and a fifth case where the modulation effect and rever-
beration effect are respectively imparted to the musical
tone data in parallel. The above apparatus, however,
can merely perform five kinds of sound-effect imparting
operations. In short the conventional apparatus has a
drawback in that the number of the sound effects to be
imparted to the musical tone data is restricted. '
B US-A-5 081 B9B discloses an apparatus for

.generating musical sound control parameters. The mu-

sical sound control parameters are supplied to a musical
sound generating apparatus for using them to generate
musical sound by the musical sound generating appa-
ratus. The musical sound generating apparatus gener-
ates musical tones to which effects are imparted, such
as vibrato, tremolo and brilliance set by the effect map
setting device. Then the effect-imparted musical tones
are processed by a digital filter and a delay time modu-
lation circuit.

The brochure " The KORG Professional Per-
formance Series: Wavestation - Wavestation A/D*; KO-
RG INC., 1991 discloses a sound effect imparting ap-
paratus according to the preamble of ciaim 1.

In a sound effect imparting apparatus of that
kind effectors impart effects to the input signals only
once a time. The possibilities as regards the impartimg

f;@#& segrafld EF within the el even kinds of sound effects preset to the
Eﬁﬁdtanpne.,ry 22. Further, as shown in FIG 26, g

flect (represented by "REVERB") can be se- lecte
5|wijt hin the el even kinds of sound effects presettothe

ry22. As described above, a |imted nunber of
spurmd~efTects w thiln the el even kinds-o# sound effects preset to the effect

U e



REBEAERSMSound.fefifects EF1 to EF5. This i s because the size of the

yoram-appl jed to each of the sound effects EF1 to EF5 R@W}EWW@HEH
if ment . Meanwhi | e, when the perfornmer operates the

espondi ngly nove the cursor and place it on an icon "LINE

eff ro
t e jprgge di i
ode 95;BUGFH
— h¢n, the per- former clicks the nouse button,

rgads out inmage infernation regarding 3he |ine connection froma

-TTEge-i nformati on area 87g (see FIG
of effects are therefore restricted and it is especially not
possible to freely provide a mixture of effects which
overlap with each other.

It is an object of the present invention to pro-
vide a sound effect imparting apparatus which is capa-
ble of imparting a variety of sound effects to the musical
tones in a variety of scund-effect imparting manners.

This object is achieved by a sound effect im-
parting apparatus as mentioned in the characterizing
part of claim 1.

According to a fundamental configuration of
the invention, the sound' effect imparting apparatus
comprises a program-storing portion, a plurality of pro-
gram executing portions, a plurality of mixing portions

_ and mixing control portion. The program storing portion

is capable of storing a plurality of programs each corre-
sponding to each of sound effects to be imparted to the
musical tone data. Each of the program executing por-
tions executes the programs, read from the program
storing portion, sequentially so as to impart a desired
sound effect to the musical tone data supplied thereto.
Each of the mixing portions is provided to be connected
with each of the program executing portions. Hence,
each of the mixing portions mixes external musical tone
data, given from an external device, with a designated
one of plural musical tone data which are respectively
outputted from the program executing portions. The
mixing control portion designates the musical tone data
which is subjected to mixing operation in each of the
mixing portions. Thus, the musical tones to which de-
sired sound effects are imparted can be produced on
the basis of output data of the mixing portions.

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

the CPU 1.



28) provided in.the ROM 2. Further, the CPU 1 reads out the other data from
th(ﬁt_pgm&g@;ITOSHE&t ry 86 shown in FIG 20, i.e., the name of RPRLACEMEN] SHEET
fir t-he~t-one= L, | or-data area 86a, a pair of the effect nunber and switch
afro 9 tthe data areas 86b to 86f and the switch data fromthe
pugﬁjg‘bgaﬁ 3a 84g. On the basis of the above-nentioned data, a graphic

e as shown id AIG 22 is displayedtat the display area 4c on the

dl spl ay screen of tlhe display unit 4. Af.ter conpleting the display

p_ faYa¥-Y-X-SE-¥ . | .
In the drawings:

3 UL~

FIG. 1 is a block diagram showing a whole config-
uration of an electronic musical instrument employ-
ing a sound effect imparting apparatus according to
an embodiment of the present invention;

FIG. 2 is a block diagram showing a conceptuai con- y
figuration of the sound effect imparting apparatus;
FIG. 3 is a timing chart showing an example of op-
eration timings of the sound effect imparting appa-
ratus;

FIG. 4 is a block diagram showing an algorithmic
configuration for a sound effect EF1 which is com-
puted by a main portion of the sound effect impart-
ng apparatus in a time-division manner;

FIGS. 5(A) to 5(D) are block diagrams showing al-
gorithmic configurations for sound effects EF2 to
EF5 respectively;

FIGS. 5(E) and §(F) are block diagrams showing
algorithmic configurations. regarding outputting op-
erations of the sound effect imparting apparatus;
FIG. & is a block diagram showing a detailed con-
figuration of a mixer shown in FIG. 2;

FIG. 7 is a storage map of a mixer RAM shown in
FIG. 6; :

FIG. 8 is a block diagram showing a detailed on-
figuration of a sound-effect operation portlon shown
inFIG. 2 and its peripheral circuits;

FIG. 9(A) is a block diagram showing peripheral cir-
cuits of a LFO register shown in FIG. 8;

FIG. 9(B) is a timing chart showing operation tim-
ings of the circuitry shown in FIG. S(A),

FIG. 10(A) is a storage map of the LFO register;
FIG. 10(B) is a storage map of a coefficient register
shown in FIG. §;



I hELeLgi@pe-} the processing of the CPU 1 pro- ceeds to step SC2
REFLATENTNG SBAEY In step SC2, a mixing-information changi
~tarriyd lout I'n the mixing-information chang- ing pRBBb‘H‘sE'\?EWeSHEET
‘Lﬁ % qn containing, the switch data and nul tiplication
g @ a | changed, so that an image corresponding to the m Xi ng
e I s di splayed by rhe di splay unit 4.

FIG. 10(C) is a storage map of an address register
shown in FIG. §;
FIG. 11 is a storage map of a delay RAM shown in
FIG. B;
FIG. 12 is a block diagram showing peripheral cir-
cuits of an address counter;
FIG. 13 is a biock diagram showing peripheral cir-
cuits of a temporary RAM 59 shown in FIG. 8;
FIG. 14 is a storage map of a temporary RAM 63;
FIG. 15 is a block diagram showing.a detailed con-
figuration of an address producing portion shown in
FIG. 2 which is connected with an effect program
. memory, = --
FIG. 16 is a storage map of a head address register
shown in FIG. 15;
FIG. 17 shows storage maps of the effectprogram'
memory and a head address ROM;
FIG. 18 is a flowchart showing a main routine whose
processes are performed by a CPU showninFIG. 1:°
FIG. 19 is a flowchart showing a routine of tone-
color changing process;
FIG. 20 is a storage map of a tone color memory,
FIG. 21 is a flowchart showing a routine of mouse
process;
FIG. 22 shows an example of a graphic pattern
which is displayed on a display screen of a display
~ unit shown in FIG. 1 in connection with the sound
- effect EF1;
FIG. 28 shows an example of a graphic pattern
which is displayed in connection with the sound ef-
foct EF2;
FIG. 24 shows an example of a graphic pattern
which is displayed in connection with the sound ef-
fect EF3;
FIG. 25 shows an example of a graphic pattern

which is displayed in connection with the sound ef-
fect EF4;



-45- For exanple, in order to inpart the sound effect EFl to

NE. P, dat & | DL which is outputted fromthe sound ACESTENTCSHEET
CR“%ltﬁ R"Tfﬁ:%ﬁ"han supplied to the mxer 18 of REPLAC

05 AUG 1999 .

" FIG. 26 shows an example of a graphic pattemn
which is displayed in connection with the sound ef-
fect EF5; -
FIG. 27 shows an sxample of a graphic pattem
which is displayed in connection with the output op-
erations of the sound effect imparting apparatus;
FIG. 28 is a storage map showing specific areas,
each storing image information, which are formed
in a ROM shown in FIG. 1;

FIG. 29 shows an example of a graphic pattem

which is used to conceptually display a line connec-

tion among predetermined sound effects selected

in the sound effect imparting apparatus;

FIG. 30 shows a storage map of afundamental data

AOM; |

FIG. 31 shows a graphic pattem which is used to

change effect parameters with respect 1o the sound

effect EF1;

FIGS. 32 and 33 are timing charts each showing

. several kinds of operation timings at which mixing

operations and/or computation are sequentially car-
ried out;

FIG. 34 is a block diagram showing a configuration

of a chorus-effect imparting portion;

FIGS. 35(A) and 35(B) are graphs showing exam-

ples of low-frequency-oscillation waveforms; and

. FIGS. 36 to 38 are drawings showing the contents
of operational steps of effect programs which are
executed when imparting the chorus effect to the
musical tone data by the chorus-effact imparting
portion shown in FIG. 34.

Now, an embodiment of the present invention
will be described by referring to the drawings.



he sound efféct i mparting apparatus 14, the perfornmer

wiit ch dat a,

PRkt iRe ¢mese|{ 7 to correspondingly nove the cur- refind
%Lﬁ'mp&ﬂ%t orial display area 4cl provided REPLACEMEW%@"E?

i d§pl ay screen ($e¢ FIG 22), and then, the per-
| ijck@5t kG B eiblitton. In this case, the CPU 1

cornesponding to the a50\7e'pi C- tori

Q. _N.O OO0

rea 4cl, .which.is|stored in the data area 86b of
dolornenory 86-shown in FIG 20, while

f or mer
rewites the
al display

t he tone

the CPU 1 al so

changes the i maggjofVHdie Corfigu rattion st Electronic Musicall ay area 4cl.
Further, the svm'l ﬂSiﬁ‘tez?.nrevvritten by the

Fig. 1 is a block diagram showing a whole con-
figuration of an electronic musical instrument which em-
ploys a sound effect imparting apparatus according to
an embodiment of the present invention. In FIG. 1, anu-
meral 1 denotes a central processing unit (i.e., CPU)
which controls several kinds of circuit portions in the
electronic musical instrument. A numeral 2 denotes a
read-only memory (i.e., ROM} which stores several
kinds of control programs to be loaded by the CPU 1
and also stores several kinds of data to be used for the
contro! programs. A numeral 3 denotes a random-ac-
cess memory (i.e., RAM) in which a tone-color-data stor-
ing area, a working buffer and the like are provided. This
RAM 3 is coupled with a battery backup system, so that
even if the power is down, the data can be retained. In-
cidentally, detailed configurations of the ROM 2 and
RAM 3 will be described later.

A display unit {or visual display terminal) 4 em-
ploying a liquid-crystal display screen is capable of vis-
ually displaying the contents of data given from the CPU
1 by means of a CPU bus 5 and a display interface 6.
Further, a numeral 7 denotes a mouse which is moved
around by a performer (i.e., a person who performs the
electronic musical instrument) on a flat table by a de-
sired distance in a desired direction. So,. the mouse 7
produces mouse data corresponding to the moving dis-
tance and moving direction thereof. The mouse data is
transferred to the CPU 1 through the CPU bus 5§ and a
mouse interface 8. Thus, a cursor displayed on the dis-
play screen of the display unit 4 is moved in response

to the moving distance and moving direction of the
mouse 7. '
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10 {iSbe PG’ o that the switch data is witten at its
cprpEspondr ng adc&ress in the switch register 35 provi ded |r‘E
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aboye-rient i oned caske, the switch data, which is stored in the
dat &-area-86t—of "t hp tone col or -8 - menory 86 andwhi ch al so
cqgrresponds to t-he . nput data ID1 suppl ied to the gate

O o oYL e Riaebhiile, a numeral 9.08hBles BAaneditar | 0", X *
swi tch-on state. switehing amittproviding a plurality of switchgs corre-
sponding to the tone colors of the piano, guitar, organ
and the like. By operating the tone-color switching unit
9, itis possible to select desired one of the tone colors.
Data representing an operating state of each of the
switches is transferred to the CPU 1 by means of atone- .
color switching interface 10 and the CPU bus 5.

In addition, a keyboard unit 1t consists of a plu-
rality of keys. This keyboard unit 11 provides a mecha-
nism which detects key-depression/release events oc-
curred in each of the keys so as to detect a key-depress-
ing velocity and a key-releasing velocity with respect to
each of the keys. The keyboard unit 11 produces signals
representing the key-depression/release events, key-
depressing velocity and key-releasing velocity. A key-
board interface 12 creates key information, representing
the tone pitch, key-depressing velocity and the like, on
the basis of the signals given from the keyboard unit 11.
The key information is transferred to the CPU 1 through
the CPU bus 5.

Further, a numeral 13 denotes a sound source
circuit providing a plurality of tone-generation channeis.
This sound source circuit 13 is controlled by musical
tone parameters, representing tone color data and the
like, which are supplied from the CPU 1 through the CPU
bus 5. The sound source circuit 183 is designed such that
it is capable of simuitaneously producing a plurality of
musical tone data responsive to the musical tone pa-
rameters. If one musical note is sounded by use of the
piano sound and guitar sound, two tone-generation
channels independently output two musical tone data
respectively representing the piano sound and guitar
sound.

Moreover, a numeral 14 denotes a sound ef-
fect imparting apparatus which is designed to impart a
plurality of sound effects such as the chorus effect and
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di splay unit 4. Then, the changed swi

C tch . .
to the sound-eff ecﬁev_@éaﬁéﬂﬁl@h cti tha plurality of musical tenedata 8), so
that it is witteroatputted frohn #e $dlintYsource circuit 13. An input ter-

minal unit 15 provides two input temminals, through

which several kinds of musical tone signals given from

an extemal device (not shown) can be entered. An an-
alog-to-digital converter (i.e., A/D converter) 16 con-
verts the analog external-musical-tone signals, given
from the extemal device through the input terminal unit
13, into digital external-musical-tone data, which is sup-
plied to the sound effect imparting apparatus 14. Fur-
thermore, a sound system 17 contains a digital-to-ana-
log converter (i.e., D/A converter) which converts the
digital musical tone data, outputted from the sound ef-
fect imparting apparatus 14, into the analog musical
tone signals. In the sound system 17, a predetermined
fikering process and a noise eliminatingprocess are car-
ried out on the analog musical tone signals; and then,
the musical tone signals are amplified. Thus, speakers
connected with the sound system 17 will produce the

- corresponding musical tones.

[B} Detailed Configuration of Sound Effect Imparting

Apparatus

FIG. 2 is ablock diagram showing a conceptual
configuration of the sound effect imparting apparatus

‘14. In FIG. 2, a mixer 18 receives musical tone data out-

putted from the sound source circuit 13 shown in Fig. 1
as well as the external musical tone data, outputtedfrom
the A/D converter 16, and a plurality of musical tonedata
outputted from an sound-effect operation portion 19.
Herein, the musical tone data is given as serial data,
whereas the maximum number of the musical tone data
outputted from the sound source circuit 13 is set at four,
and the number of the external musical tone data (given
as the serial data) outputted from the A/D converter 16

-dilspl ayed at the pictorial display area
W tch-on image. Further, a nuneric ' ~val ue
mul tiplication coefficient of wACEABENT SHEET
i ol O& ANGTI9%20rr dsponding to the input data |D1, HE?LA&%%W‘AM
le pre-stage mixijng portion MXI1 is dis- pl ayed at a
ric display areal4c2 which is ar r"ar?ge‘d on the left of the
| ' ba 4cl in the display screen of the

data is transferred
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is set at two. The sound-eftect operation portion 19 per-
forms arithmetic operations (and/or logical operations)
on the input data thereof so as to output the musical tone
data to which several kinds of sound effects have been
imparted. On the basis of mixing information given from
a mixing information supply portion 20, the mixer 18 se-
lects some of the musical tone data supplied thereto so
as to mix them together.

Meanwhile, the sound-effect operation portion
19 receives five kinds of effect programs from a effect
program memory 22, wherein those effect programs are
carried out to impart the sound effects to the musical
tone data. Within one sampling period (hersinafter, re-
ferredto as 1 DAC cycie) of the D/A converter equipped
inthe sound system 17 showninFig. 1, the sound-effect
operation portion 19 performs the effect programs ina
time-division manner on a plurality of musical tone data
mixed together by the mixer 18 on the basis of sffect
parameters given from an effect parameter supply por-
tion 21. The above-mentioned five kinds of sound ef-
fects are respectively denoted by numerals EF1 to EF5.

As for each of the sound effects EF1, EF2 and
EF5, the sound-effect operation portion 19 produces
one wet musical tone data with respect to each of left
and right channels. Herein, the term "wet musical tone
data" represents the musical tone data to which the
sound effect has been already imparted. Now, operation
data EX1L for a left-channel sound effect EF1L and op-
eration data EX1R for a right-channel sound effect
EF1R are produced with respect to the sound effect
EF1; operation data EX2L fora left-channel sound effect
EF2L and operation data EX2R for a right-channel
sound effect EF2R are produced with respect to the
sound effect EF2; operation data EX5L for a left-channel
sound effect EF5L and operation data EX5R for a right-
channel sound effect EF5R are produced with respect
to the sound effect EF5. On the other hand, only one
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channel is preset for each of the sound effects EF3 and
EF4, so that the sound-effect operation portion 19 pro-
duces one wet musical tone data corresponding to one
channel with respect to each of the sound effects EF3
and EF4. More specifically, operation data EX3 is pro-
duced with respect to the sound effect EF3, while oper-
ation data EX4 is produced with respect to the soufid
effect EF4. Thus, the sound-eftect operation portion 19
produces.and outputs a plurality of wet musical tone da-
ta corresponding to eight channels in total.

The effect pragram memory 22 stores the ef-
fect programs corresponding to a plurality of sound ef-
fects. According to' manual operations applied to the
mouse 7, a sound-effect designating portion 24 can des-
ignate five sound effects within a piurality of sound ef-
fects which have been preset in the effect program
memory 22. In the effect program memory 22, a certain |
head address is related to each of the effect programs.
So, the sound-effect designating portion 24 can detect
the head address in connection with each effect pro-
gram to be designated. Therefore, five head addresses
corresponding to five sound effects designated by the
sound-effect designating portion 24 are transferred to
an address producing portion 23. On the basis of each
head address given from the sound-effect designating
portion 24, the address producing portion 23 produces
the read addresses for the effect program correspond-
ing to each sound effect designated. Such operation for
producing the read addresses is repeatedly carried out
with respect to each of five head addresses within 1
DAC cycle. Thus, during 1 DAC cycle, it is possible to
produce all of the read addresses for five effect pro-
grams corresponding to five sound effects designated.
In accordance with the read addresses given from the
address producing portion 23, five effect programs are
*sequentially read from the effect program memory 22;
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- |mation supply pori&Ron 20. In contrast, when
decy easi ng -t he nuitlrllcatlon coefficient of the multiplier MT,

corresponding to 284! fhen, those effect programs are supplied to the
sound-effect operation portion 18.
~ An example of operating timings of the sound-
effect operation portion 19 is shown by FIG. 3(b). More
precisely, each of those operating timings designates an
input timing at which the effect program is inputted into
the sound-effect operation portion 19. The details of
those timings will be described later. In the present em-
bodiment, 1 DAC cycle is constructed by two hundreds
and fifty six operational steps, which are respectively
designated by operational step O to operational step
255. Incidentally, one operational step corresponds to
an operation time in which one control code of the effect
program is processed. As described before, the sound-
effect operation portion 19 is designed to deal with five
sound effects EF1 to EF5 within 1 DAC cycle. Inciden-
tally, the size of the program corresponding to each of
five sound effects EF1 to EF5 is fixed. More specifically,
fifty six operational steps are carried out with respect to
the sound effect EF1; fifty six operational steps are car-
ried out with respect to the sound effect EF2; twenty four
operational steps are carried out with respect to the
sound effect EF3; twenty four operational steps are car-
ried out with respect to the sound effect EF4; and niflety
six operational steps are carried out with respect to the
sound effect EF5.

As shown in FIG. 3(b), a data processing for
the sound effect EF1 is carried out by operational step
0 to operational step 55; a data processing for the sound
effect EF2 is carried out by operational step 56 to oper-
ational step 111; a data processing for the sound effect
EF83is carried out by operational step 11 2 to operational
step 135; a data processing for the sound effect EF4 is
carried out by operational step 136 to operational step
159; and a data processing for the sound effect EF5 is
carried out by operational step 160 to operational step
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the sound effects EF1 to EF5 are carried out within 1
DAC cycle.
~  Eachof FIGS. 4 and 5(A) to 5(F) shows a con-
ceptual configuration representing a relationship be-
tween the mixer 18 and the sound-effect operation por-
tion 19 which are activated in a time-division manner in
connection with each of the sound effects EF1 to EFS5.
In the block diagrams shown by those drawings, numer-
als MiXI1 to MIXI6 denote pre-stage mixing portions,
each of which is provided in a pre-stage of correspond-
ing one of sound effect portions EF1 to. EF5; numérals
MIXO1 to MIXO5 denocte post-stage mixing portions,
each of which is provided in a post-stage of each of
sound effect portions EF1 to EF5; numerals MIXO7 and
MiIXO8 denote output-stage mixing portions which are
respectively provided in output stages for the left and
right channeis. Among them, each of the pre-stage mix-
ing portions MIXI2 to MIX16 andthe cutput-stagemixing
portions MiXO7Z and MIXOS has the same configuration
of the pre-stage mixing portion MiX11; hence, the de-
tailed illustration thereot is omittectin FIGS. 5(A) to 5(F).
. Inthe pre-stage mixing portion MiX1 shownin
FIG. 4, numerals MLT, MLT, ... denote multipliers each
having a multiplication coefficient which is controlied by
multiplication coefficient data given from the mixing in-
formation supply portion shown in FIG. 2. Each multipli-
er MLT multiplies each musical tone data by each mul-
tiplication coefficient. A numeral GT denotes a gate cir-
cuit in which fourteen switches are arranged in parallel.
Each switch is controlled to be turned on or off in re-
sponse 10 a switching signal corresponding to switch-
on/off control data given from the mixing information

supply portion 20. A numeral ADD denotes an adder
which receives a plurality of musical tone data through
the gate circuit GT so as to add them together.
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_Inthe post-stage mixing portion MIXO1 shown
in FIG. 4, numerals MLT1 to MLT4 denote multipliers
each having a multiplication coefficient which is control-
led by the multiplication coefficient data given from the
mixing information supply portion 20. In FIG. 4, "EM1"
denotes mixed data, outputted from the pre-stage mix-
ing portion MIXI1, which is supplied to the sound effect
portion EF1. In the sound effect portion EF1, a prede-
termined sound effect is applied to the mixed data EM1,
resulting that the aforementioned operation data EX1L

.and EX1R are produced in connection with the left-
‘channel sound effect EF1L and right-channel sound ef-
fect EF1F. The muitiplier MLT1 multiplies:the mixed da-

ta EMT. by its multiplication coefficient; the multlpher
MLT2 multiplies the operation data EXTL by its multipli-
cation coefficient; the multiplier MLT3 muitiplies the op-
eration data EX1R by its multiplication coefficient; and
the multiplisr MLT4 multiplies the mixed data EMT by its
multiplication coefficient. Then, an adder ADD1 adds re-
sults of the multiplications respectively performed by the
multipliers MLTT and MLT2, while an adder ADD2 adds
results of the multiplications respectively performed by
the multipliers MLT3 and MLT4. Incidentally, the other
post-stage mixing portions MIXO2 to MIXO5 shown in
FIGS. 5(A) to 5(D) are configured as similar to the post-
stage mixing portion MIXO1 shown in FIG. 4, The mul-
tipliers and one or two adders contained in each of the

- post-stage mixing portions MIXO2 to MIXO5 are de-

signed to function as similar to the muitipliers MLT1 to
MLT4 and adders ADD1 and ADD2 provided in the post-
stage mixing portion MIXO1. Numerals or symbols used
for each of the block circuits shown in FIGS. 5(A) to 5
(D) are determined as similar to those of the block circuit
shown in FIG. 4.

~ As described before, maximum four series of
musical tone data (i.e., maximum four series of serial
data) are outputted from the sound source circuit 13,

t oget her
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~ while two series of external musical tone data (i.e., two
series of serial data) are outputted from the A/D convert-
er 16. The above-mentioned serial data are supplied to
a serial-to-parallel converter 25 (see FIG. 6), in which
those serial data are converted into parallel data. More
specifically, the four series of musical tone data are re-
spectively converted into data ID1 to |D4, while the two .
series of external musical tone data are respectively )
converted into data GD1 and GD2. Those data ID1 to
ID4 and GD1, GD2 are inputted into the pre-stage mix-
ing portion MiXI1. in addition, other musical tone data
E10L, E10R, E20L, E20R, E30, E40, ES0L and
ES0OR are also inputted into the pre-stage mixing portion
MIX11. The other pre-stage mixing portions MIXI2 to
MIXIS and the output-stage mixing portions MIXO7 and
MIXO8 are designed as similar to the above-mentioned
pre-stage mixing portion MiX|1.
As shown in FIGS. 4 and 5(A) to 5(D) the data
E10OL and E10OR are outputted from the post-stage mix-
ing portion MiXO1; the data E20L and E20R are out-
putted from the post-stage mixing portion MiXQO2; the
data E30 is outputted from the post-stage mixing por-
tion MIXO3; the data E4O is outputted from the post-
stage mixing portion MIXO4; further, the data E50L and
E5O0R are outputted from the post-stage mixing portion
MIXO5. The pre-stage mixing portions MiXi1 to MIXIE
_respectively output the mixeddata (i.e., dry musical tone
data) EM1, EM2, EM3, EM4, EM5L and EM5R. Herein,
the term "dry musical tone data® represents the musical
tone data to which the sound effect is not imparted. The
mixed data EM1 outputted from MIXI1 is provided for
the sound effect EF1; the mixed data EM2 outputted
from MiIXI2 is provided for the sound effect EF2; the
mixed data EM3 outputted from MIXI3 is provided for
the sound effect EF3; the mixed data EM4 outputted
from MIXi4 is provided for the sound effect EF4the
mixed data EM5L outputted from MIXIS is provided for
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ciTcuit GTof t He R&fi-cHiffeSdind etfect EF5L; and the mixed data

EMS5R outputted from MIXI6 is provided for the right-
channel sound effect EF5R. Further, the sound effect
portions EF1 to EF5 respectively output the operation
data (i.e., wet musical tone data) EX1L, EX1R, EX2L,
EX2R, EX3, EX4, EX5L and EXSR. Herein, the opera-
tion data EX1L and EX1R are respectively outputted
from left-channel and right-channel terminals EF1L and
EF1R of the sound effect portion EF1; the operation data
EX2L and EX2R are respectively outputted from left-
channel and right-channel terminals EF2L and EF2R of
the sound eifect portion EF2; the operation data EX3 is
outputted from the sound effect portion EF3; the opera-
tion data EX4 is outputted from the sound effect portion
EF4; further, the operation data EX5L. and EX5R are re-
spectively outputted from left-channel and right-channel
terminals EF5L and EF5R of the sound seffect portion
EFS5. The above-mentioned dry musical tone data and
wet musical tone data are well mixaed togetherto achieve
apredetermined effect balance in each of the post-stage
mixing portions MIXO1 to MIXO5.

The musical tone data E10L corresponds to

.the left-channel sound effect EF1L, while the musical

tone data E10R corrasponds tothe right-channel sound
effect EF1R. Similarly, the musical tone data E20L cor-
responds. to the left-channel sound effect EF2L, while
the musical tone data E20R corresponds to the right-
channel sound effect EF2R; the musical tone dafa E30
corresponds to the sound effect EF3; the musical tone
data E40 corresponds to the sound effect EF4; the mu-
sical tone data E50L corresponds to the left-channel

- sound effect EF5L, while the musical tone data ESOR
‘corresponds to the right-channe! sound effect EFSR.

Thus, the aforementioned data ID1 to1D4 and
GD1, GD2 are mixed together by a predetermined mix-
ing rate so as to produce the mixed musical tone data.

SerLes- of ope ations in which the sound effect EF1 is arted to
p E;Hgiéf nly; In this case, the perfornmer operates théﬁﬁﬂ@§5N$N3§HFFr
vd the cursor 4b and place it on the pictorial display area correspondi ng
D2 shown in FIG 22, and then, the performer clicks the
Thus, |under the op- erations of the CPU 1, the sw tch data,
he data area 86b-o¥6the tone color nmenory 86 (see FIG
torresponds to the input data I D2 supplied to the gate
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f it HE5nAlE 1999 et MLT, corresponding to the input data ID2, provided in the
rd-stage nixinglpbrtion MX 1. Therr, ¥he switch data changed by the CPU 1

s transfefred to fhe sound-effect operation portion 19 as shown in FIG 8.

B scer}faenr%??dr'tésméf' $ound effects are combined to-

gether, so that combined sound effects are imparted to
the mixed musical tone data. incidentally, a mixing ratio
by which the data ID1 to ID4, GD1, GD2, E10L, E10R,
E20L, E20R, E30Q, E40, E5S0L and ESOR to be sup-
plied to the pre-stage mixing portion can be controiled
by use of the mouse 7. In addition, a selection of the N
- sound effects EF1 to EF5 and a combination of them |
can be also controlled by use of the mouse 7. Inciden-
tally, the CPU 1 works responsive to the operation of the
mouse 7. The details of the operation of the mouse 7
and the operation of the CPU 1 will be described later.

_— = TS0 0. 0..Q)

configuration of the mixer 18. This mixer 18 is designed
to.act upon an operation clock ¢, which corresponds to
a clock ¢g, having a predetermined period (i.e., 1/256 of
1 DAC cycle), generated from a clock generating circuit
(not shewn). The above operation clock ¢ is obtained
by dividingafrequency of the clock g by "2*. The reason
why the periodtof the operation clock is set longer is to
reduce a size of circuitry of a multiplier portion 29. In
FIG. 6, the serial-to-parallel converter 25 receives the
maximum four series of serial musical tone data, out-
putted from the sound source circuit 13, as well as the
two series of serial external-musical-tone data, output-
ted from the A/D converter 16, so as to convert them
into parallel data, i.e., ID1 to ID4 and GD1, GD2.

A selector 26 has two input terminals "a" and
'b". The above-mentioned data |D1 to ID4 and GD1,
GD2 are supplied to the input terminal “a* of the selector
26, while the aforementioned musical tone data E10L,
E10R, E20L, E20R, E30, E40, E50L and E5SOR to be
outputted from a delay circuit 32 are also supplied to the
input terminal "b" of the selector 26. In response to the
control codes outputted from the effect program mem-
ory 22, the selector 26 selects one of the input terminals
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=cts EF2 to EF5; hence, the detailed descrip- tion
ereof w il be om{ted. Wrer?- conpleting the m xing-information

YT Ty pTOUCESSTAS descri bed heretofore, the process-
"a" and "b” so as to eventually output a set of the data
applied to the selected terminal.

A numeral 27 denoctes a mixer random-access
memory. (i.e., mixer RAM) which can store fourteen
kinds of data, i.e., 1D1 to ID4, GD1, GD2, E10L, E10R,
E20L, E20R, E30, E40, E50L and E50R at address
0 to address 13 respectively as shown in FIG. 7. A nu-
meral 27a denotes a latch portion attached with the mix-
er RAM 27. This latch portion 27a is provided to adjust
output timings for the data to be read from the mixer
RAM 27. in order to do so, the latch portion 27a tempo-
rarily retains three data which are firstly outputted from
the mixer RAM 27. -~

A selector 28 provides two input terminals "a"
and "b". Herein, the data which are outputted from the
mixer RAM 27 through the latch portion 27a are supplied
to the input terminal "a” of the selector 28, while the mu-
sical tone data outputted from the aforementioned
sound-effect operation portion 19 is supplied to the input
terminai "b* of the selector 28. In accordance with the
control codes outputted from the effect program mem-
ory 22, one of the input terminals of the selector 28 is
selected so that the data applied to the selected terminal
is eventually outputted to the muttiplier portion 29. The
multiplier portion 29 has one or more multiplication co-
efficients, which are controlled by the multiplication co-
efficient data outputted from the mixing information sup-
ply portion 20 (see FIG. 2). Thus, the multiplier portion
29 multiplies the data outputted from the selector 28 by
the multiplication coefficients. This multiplier portion 29
corresponds to the aforementioned multipliers MLT and
MLT1 to MLT4 shown in FIGS. 4 and 5(A) to 5(D). The
multiplier portion 29 is designed to perform one muitipli-
cation in the duration corresponding to two clocks ¢, . As
a result, the data supplied to the multiplier portion 29 is
eventually delayed by a certain delay time correspond-
ing to four clocks ¢ in total.
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A numeral 30 denotes a gate having two input
terminal, in which a first input terminal receives the
switch signal corresponding to the switch data outputted
from the mixing information supply portion 20, while a
second input terminal receives cutput data of the muiti-
plier portion 29. When the switch signal is set at "1*, the
gate 30 is turned on so that the output data of the mul-
tiplier portion 29 is outputted therefrom. The gate 30 cor-
responds to the aforementioned gate circuit GT shown
in FIG. 4. Moreover, an adder 31, the delay circuit 32
and a gate 33 are assembled together to form an accu-
mulator. Herein, an output of the adder 31 is suppliedto
the delay circuit 32 in which it is delayed by a certain
delay time corresponding to one clock ¢4; and then, a
delayed output of the delay circuit is supplied to the gate
33. The accumulator consisting of the above-mentioned
circuit elements 31, 32 and 33 corresponds to the afore-
mentioned adders ADD, ADD1 and ADD2 shown in
FIGS. -4 and 5(A) to 5(D). A numeral 34 denotes a par-
allel-to-serial converter which converts parallel musical
tone data, outputted fromn the delay circuit 32, into serial
musical tone data. The serial musical tone data are se-
quentially suppliedtothe aforementloned ‘sound system
17 shown in FIG. 1.

- FIG. 8 is a block diagram showing a detailed
configuration of the sound-effect operation portion 19
and its peripheral circuits. In FIG. 8, parts identical to
those shown in FIGS. 1 and 2 are designated by the
same numerals; hence, the detailed description thereof
will be omitted. The aforementioned mixing information
supply portion 20 consists of a switch register 35, a par-
allei-to-serial converter 36, a volume register 37 and an
interpolator 38. Herein, the switch register 35 stores the
switch data controlling the on/off states of the gate 30
(see FIG. 6) provided in the mixer 18, so that the switch
register 35 outputs parallel switch data. The parallel
swilch data are supplied to the parallel-to-serial convert-
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er 36 in which they are converted into serial switch sig-
nals. The volume register 17 stores the multiplication co-
efficient data controlling the multiplication coefficients
used in the multiplier portion 29 (see FIG. 8) provided
in the mixer 18. The interpolator 38 interpolates the mul-
tiplication coefficient data outputted from the volume
register 37. s

The switch register 35 provides eight address-
es, i.e., address O to address 7 which respectively cor-
respond to the pre-stage mixing portions MIXI1 to MIXI6
and the output-stage mixing portions MIXO7 and
MIXO8. At each address, there is provided a storage
area which is capable of storing fourteen switch data
used for each mixing portion. The CPU 1 designates
fourteen switch data, so that the fourteen switch data
are transferred to the switch register 35 in which they
are stored at the address designated by the CPU 1. In
accordance with output timings which are determined
responsive to a progress of operational steps to be ex-
ecuted in the sound-effect operation portion 19, the four-
teen switch data are sequentially read out from each ad-
dress of the switch register 35.

_The volume register 37 provides a plurality of
storageareas each storing each of the multiplication co-
efficient data which are usedin the pre-stage mixing por-
tions MIXIT to MIXI6, the post-stage mixing portions
MIXO1 to-MIXOE and the output-stage mixing portions
MIXQO7, MIXOB8 respectively. Therefore, one muttiplica-
tionrcoefficient data transferred from the CPU 1 is stored
in each storage area, designated by the CPU 1, in the
volume register 37. In accordance with output timings
which are determined responsive o a progress of oper-
ational steps 1o be executed in the sound-effect opera-
tion portion 19, plural multiplication coefficient data are
respectively read out from plural storage areas provided
in the volume register 37.
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22) jon the display pcreen of the display unit 4, and then, the =

clli ¢k<OBAUGMES button once. Thus, the CPU 1 wites the eﬂEE\a&ﬁ{iﬁ%ﬁ gga\'r
thejffl ange-1 effeft}] repre- senting the changed sound effect, into the data
afled™ 86B o7 the tong color menory 86 ¥hown in FIG 20. By use of the effect
nypber,. the CPU.1 refers to the head ad- dress ROM (see FIG 17(a)) so as

to read out the’cor-  Meanwhile, a low-frequency-oscillator register
(hereinafter, simply referred to as a LFO register) 44
stores low-frequency oscillation data (simply referred to
as LFO data) which is transterred from the CPU 1. The
LFO data is used to control a low-frequency oscillator (i.
e., LFO) 45 which controls modulation (representing the
vibrato, tremolo and the like) to be applied to the musical .
tone data. More specifically, the LFO data contains sev-
eral pieces of information representing a waveform of
low-frequency oscillator, a frequency of low-frequency
oscillator, a depth of low-frequency oscillation, a phase,
a kind of modulation (representing a pitch modulation or
an amplitude modulation) and the like. A coefficient reg-
ister 46 stores data representing the effect balance
among the sound effects EF1 to EF5, and it also stores
coefficient data representing filter coefficients which are
used to impart the sound effects, such as the reverber-
ation effect, to the musical tone data, for example.
Tho$8e data are transferred from the CPU 1 to the coef-
ficient register 46.

An address register 47 stores delay address
data which is transferred from the CPU 1. In this case,
a delay RAM 43 is externally connected with the sound-
effect operation portion 19 in order to control a delay
amount applied to the musical tone data when imparting
the sound effect (e.g., reverberation effect) to the musi-
cal tone data. This delay RAM 48 delays the musical
tone data inputted thereto by a predetermined delay
amount. The above-mentioned delay address data cor-
responds 1o an address of the delay RAM 48.

The above-mentioned LFO register 44, coeffi-
cient register 46 and address register 47 are assembled
together to form the aforementioned effect parameter
supply portion 21 shown in FIG. 2.

FIG. 9(A) is a block diagram showing the LFO
register 44 and its peripheral circuits in detail, while FIG.
9(B) is atiming chart. In FIG. 8(A), anumeral 39 denotes
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fe i ster 77 (see FIG 16) provided in the adPe
Moreover, the CPU 1 accesses to an a

provided for the fla -1 effect, and it stores
={iJ4e., default val ues) of the LFO data, coeffic

acounter which counts a number of clocks ¢q, €ach hav-
ing a predetermined period, which are generated from
aclock generating circuit (not shown). More specifically,
the counter 39 counts the number of clocks g within 1
DAC cycle, so that its count value is changed from "0*
to "255". Meanwhile, the CPU 1 supplies certain data,
having a predetermined bit length, to a decoder 40
through the CPU bus 5. That data corresponds to the
address of the LFO register 44 which is designated by
the CPU 1. The decoder 40 decodes the data so as to
produce 8-bit address data and a write signal.
Anumeral 41 denotesan AND gate having two
input terminals, in which a first input terminal rg.cewes
the write signal, while a second input terminal receives
aclock ¢, generated by the clock generating circuit. The
phase of the clock ¢ is reverse to that of the aforemen-
tioned clock ¢4. A selector 42 has three input terminals,
in which an input terminal "A" receives an 8-bit count
value outputted from the counter 39; an input terminal
*B" receives the 8-bit address data from the decoder 40;
and a select terminal "SB" receives an output signal SB
of the AND gate 41. When the signal SB is at *1", the
selector selectively outputs the 8-bit address data sup-
plied from the decoder 40. A numeral 43 denotes an in-
verter which inverts the output level of the AND gate 41.
An output of the inverter 43 is supplied to a write enable

* terminal WE of the LFO register 44.

The peripheral circuits of the LFO register 44
are configured as described above. Normally, as shown
in FIG. 9(B), the LFO data is read out from the address,
corresponding to the count value of the counter 39, in
the LFO register 44. However, in the case where the
LFO data and its address data (representing a write ad-
dress at which the LFO data is to be written) are trans-
ferred from the CPU 1, the LFO data is read from the
address of the LFQO register 44 corresponding to the
count value of the counter 39 in synchronism with a lead-

he sound
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mg-edge timing of the clock ¢4, and then, the LFO data
transferred from the CPU 1 is written into the LFO reg-
ister 44 at the address designated by the CPU 1 in syn-
chronism with a trailing-edge timing of the clock ¢,. In-
cidentally, peripheral circuits of the coefficient ragister
48 and address register 47 shown in FIG. 8 are alsocon-
figured as similar to those of the above-mentioned LFO
register 44, and consequently, those registers 46 and
47 would operate as similar to the LFO register 44.

FIGS. 10(A), 10(B) and 10(C) are drawings
showing storage maps respectively corresponding to
the LFO register 44, coefficient register 46 and address
register 47. Each of those registers 44, 46 and 47 has
two hundreds and fifty six addresses, represented by

‘address 0 to address 255. Each data stored at each ad-
dress of the register is read out in response to each op-
erational step of the processing of the sound-effect op-
eration portion 19 which is configured by a digital signal
processor (i.e., DSP). Incidentally, each address of the
register corresponds to each step of the sound-effect
operation portion 19 in such a manner that the data
stored at address O is used for operational step O of the
sound-effect operation portion 19. Moreover, the CPU 1
manages storage addresses for the data (representing
a frequency of LFO 45, a depth of amplitude and the
like) to be stored in each of the registers 44, 46 and 47.
When being edited by the performer, those data stored
ineach ot the registers 44, 46 and 47 are rewritten under
the controk of the CPU 1.

Next. FIG. 11 shows an example of a memory
map for the delay RAM 48. In the delay RAM 48, the
wnole storage area is divided inta five areas, wherein a
first area defined between address A and addressB-1
is provided to delay the data for the sound effect EF1;
a second area defined between address B and address
C-1 is provided to delay the data for the sound effect
EF2; a third area defined between address C and ad-
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- dress D-1 is provided to delay the data for the sound
effect EF3; a fourth area defined between address D
and address E-1 is provided to delay the data for the
sound effect EF4; and a fifth area defined between ad-
dress E and address F is provided to delay the data for
the sound effect EF5.

- Now, the description will be given back with re-
spect to FIG. B. In FIG. 8, 2 numeral 48 denotes a latch .
circuit which temporarily retains an integral part of the
LFQ data (simply referred to as integral data) outputted
from the low-frequency oscillator 45 in accordance with
the control codes of the effect program read from the -
effect program memory 22. A gate 50 is controlied to be
turned on or off in résponse to the control codes of the
effect program read from the effect program memory 22.
When the gate 50 is tumed on, the integral data retained
by the latch circuit 49 is outputted to an adder 51 through
the gate 50.

The adder 51 provides two input termmals in
which a first input terminal receives the address data
outputted from the address register, while a second in-
put terminal receives the integral data supplied thereto

- by means of the gate 50. So, the adder 51 adds the ad- .
dress data and the integral data together. A numeral 52
denotes an address counter which counts a number cor-
responding to the address of the delay RAM 48. A nu-
meral 53 denotes an adder by which a result of the ad-
dition performed by the adder 51 is added together with
a count value given from the address counter 52,

FIG. 12 is a block diagram showing a concrete
example of the circuit configuration of the address coun-
ter 52 and its peripheral circuits. in FIG. 12, numerals
52, 10 525 denote address counters which respectively
correspond to the sound effects EF1 to EF5. Each of
those address counters is designedto count down a val-
ue of the address of the delay RAM 48 from the last ad-
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dress to the first address in each of the storage areas
shown in FIG. 11. Herein, the value of the address is
counted down one by one in each DAC cycle. More spe-
cifically, the address counter 52, counts down from ad-
dress B-1 to address A in connection with the storage
area for the sound effect EF1; the address counter 52,
counts down from address C-1 to address B in connec- '
tion with the storage area for the sound eftect EF2; the
address counter 524 counts down from address D-1 to
address C in connection with the storage area for the
sound effect EF3; the address counter 52, counts down
from address E-1 to address D in connection with the
storage area for the sound effect EF4; and the address
counter 5§25 counts down from address F to address E.

A numeral 54 denotes a counter which is con-
figured as similar to the foregoing counter 39 shown in
FIG. 8. More specifically, the counter 54 counts the
number of clocks ¢, each of which has the predeter-
minedperiodand is generatedfromtheclockgenerating
circuit, so that the count valuesthereof is changed from
0 ta 255 within t DAC cycle. When the count value
reaches 255, the counter 54 outputs a carry-out signal
CA, which is supplied to each of the address counters
52, to 524 respectively correspondmg to the sound ef-
fects EF1 to EFS.

Every time the carry-out signal CA is outputted
from the counter 54 by each DAC cycle, each of the ad-
dress counters counts down its count value by one.
When the next carry-out signal CA is outputted after the
count values of the address counters 52,, §2,, 52,, 52,
and 525 respectively reach their last values A, B, C, D
and E, the count values are respectively returned totheir
first values B-1, C-1, D-1, E-1 and F. Thereafter, every
time the carry-out signal CA is supplied, each of the ad-
dress counters counts down its value by one.

A numeral 55 denotes a decoder which re-
ceives an 8-bit count value outputted from the counter
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the same decoded value as long as the 8-bit count value
belongs to a predetermined range. For example, the de-
coder 55 outputs a first decoded value when the counts
value belongs to a first range between 0 and 55; the de-
coder 55 outputs a second decoded value when the
count value belongs to a second range betwseen 56 and
111; the decoder 55 outputs a third decoded value when
the count value belongs to a third range between 112
and 135; the decoder 55 outputs a fourth decoded value
when the count value belongs to a fourth range between
136 and 159; and the decoder 55 outputs a fifth decoded
value when the countvaiue belongs to a fifth range be-
tween 160 and 255. In response to each of the above-
mentioned five decoded values, a selector 56 selects
one of the count values respectively outputted from the
address counters 52, to 52;.

More specifically, the selector 56 selectively
outputs the count value of the address counter 52, when
the 8-bit count value outputted from the counter 54 be-
longs to the aforementioned first range between O and
55. Similarly, the count value of the address counter 52,
is selectively outputted when the 8-bit count value be-
longs to the second range between 56 and 111; the
count value of the address counter 52, is selectively out-
putted when the 8-bit count value bslongs to the third
range between 112 and 135; the count value of the ad-
dress counter 52, is selectively outputted when the 8-bit
count value belongs to the fourth range between 136
and 189; further, the count value of the address counter
525 is selectively outputted when the 8-bit count value
belongs to the fifth range between 160 and 255.

- -As described heretofore, the addresses used
in e delay RAM 48 shown in FIG. 8 are generated from
a delay address.generating portion 57 which is config-
. ured by the address register 47, latch circuit 49, gate 50,
adders 51, 53, and the acdress counter 52 and its pe-
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read/write operations for the musical tone data irlg the
delay RAM 48 are controlled by the controt codes out-
putted from the effect program memory 22. As a result,
the musical tone data is written into the delay RAM 48
at the address designated by the delay address gener-
ating portion 57. This musical fone data is delayed by a
predetermined delay time, in other words, the sound ef-
fect such as the reverberation effect is imparted to the
musical tone data. Thereafter, the delayed musical tone
data is read out from the designated address of the de-
lay RAM 48. :

- In FIG. 8, anumeral 58 denotes a selector hav-
ing two input terminals, in which a first input terminal "a”

‘receives the delayed musical tone data outputted from

the delay RAM 48, while a second input terminal *b" re-

' ceives the LFO data outputted from the low-frequency

oscillator 45. In response to the control codes given from

the effect program memory 22, either one of input data

is selectively outputted from the selector 58.
Incidentally, when the pitch moduiation is ef-

fected to the musical tone data, a decimal part of the

LFOdata (simply referred to as decimal data) is supplied
to the second input terminal "b" of the selector 58. When
the amplitude modulation is effected to the musical tone
data, the aforementioned integral data is supplied. A
switching between the decimal data and integral data is
controlled by special data, representing the kind of the
modulation to be effected, included in the LFO data.

A numeral 59 denotes a temporary RAM. At
the designated write timing, output data of the selector
58 is written into the temporary RAM at its write address
designated by the control codes given from the effect
program memory 22. At the designated read timing, the
data temporarily stored is read from the temporary RAM
at its read address designated by the control codes giv-
en from the effect program memory 22.

P2) on the display screen of the display unit 4, and
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FIG. 13is a block diagram showing the tempo-
rary RAM 59 and its peripheral circuits in detail. The
whole storage arsa of the temporary RAM 59 is divided
into five areas respectively corresponding to the sound
effects EF 1 to EF5. A counter 60 is configured as similar
to the foregoing counters 39 and 54 shown in FIGS. 9
and 12. More specifically, the counter 60 counts the
number of clocks ¢q, each of which has the predeter-
mined period and is generated by the clock generating
circuit, so that the count value thereof is changed from
0 to 255 within 1 DAC cycle.

Adecoder61 decodes an 8-bit countvalus out-
putted from the counter 60 so as to produce 3-bit data.
This 3-bit data is fixed as long as the 8-bit count value
belongs to a predetermined range. More specificaliy,
3-bit data 000" is outputted when the 8-bit count value
belongs to the first range between 0 and 55; 3-bit data
001" is outputted when the 8-bit count value belongs to
the second range between 56 and 111; 3-bit data 010"
is outputted when the 8-bit count value belongs to the
third range between 112 and 135; 3-bit data *Q1t" is out-
putted when the 8-bit count value belongs tothe fourth
rangebetween 136 and 159; and 3-bit data *100" is out-
putted whern the 8-bit count value belongs to the fifth
range between 160 and 255. The 3-bit data outputted
from:the decoder 81 is used as first three bits (or signif-
icant three bits) of 7-bit address data supplied to the
temporary RAM 59. '

~ Ineach of five areas of the temporary RAM 59
respectively corresponding to the sound effects EF1 to
EF5, the above-mentioned 3-bit data outputted fromthe
decoder 61 are written into the addresses correspond-
ing to the first three bits, while the other addresses cor-
responding to remained four bits are designated by a
part of the control codes outputted from the effect pro-
gram memory 22 so that the output data of the selector
58 shown in FIG. 8 are written into those addresses in

Rir&yEaT ea

e effect
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accordance with a timing at which a write signal, repre-
sented by another part of the control codes, is supplied
to the temporary RAM 59. On the other hand, in each
area of the temporary RAM 59, the first three bits rep-
resenting the 3-bit data of the decoder 61 are read out
from their addresses, while the remained four bits are
read out from the addresses designated by a part of the
control codes outputted from the effect program mem-
ory 22 in accordancs with a timing at which aread signal,
represented by ancther part of the control codes, is sup-
plied to the temporary RAM 59. The above-mentioned
read/write operations are performed within 1 DAC cycle.

As similar to the afaorementioned temporary
RAM 58 and its peripheral circuits, temporary RAMs 62
and 62 shown in FIG. 8 and their peripheral circuits are
configured. Incidentally, a part of the musical tone data
read from the temporary BAM 63 is supplied to the fore-
going input terminal "b* of the selector 28 shown in FIG.
6.

FIG. 14 shows an example of a storage map
of the temporary RAM 63. The temporary RAM 63 re-
ceives fourteen kinds of musical tone data from a selec-
tor 76 (see FIG. 8). More specifically, the temporary
RAM 63 receives the mixed data EM1 inputted to the
sound effect portion EF1, operation data EX1L and
EX1R outputted from the sound effect portion EF1,
mixed data EM2 mputted to the sound effect portion
EF1, operation data EX2L and EX2R, mixed data EM3
inputted to the sound effect portion EF3, operation data
EX3 outputted from the sound effect portion EF3, mixed
data EM4 inputted to the sound effect portion EF4, op-

eration data E X4 outputted fromthe sound sffect portion

EF4, mixed data EM5L and EM5R inputted to the sound
effect portion EF5, operation data EX5L and EX5R out-
putted from the sound effect portion EF5, which are
shownin FIGS. 4and 5(A) to 5(D). Inthis case, five kinds
of the 3-bit data outputted from the decoder 61 shown

ENT SHEET
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in FIG. 13, i.e., 000", "001", 010", "011" and "100", are
used as write addresses for the first three bits in con-
nection with the sound effects EF1 to EF5. Thus, the
above-mentioned fourteen kinds of musical tone data
are sequentially stored in fourteen addresses of the tem-
porary HAM 63, respectively indicated by *"00uey",
Athex” "uex” "10hex” "Tthex” “12nex " 20nex"
"2uex"s "30hex" "IThex" "40uex" "1Hex” "42nex
and "43ye” as shown in FIG. 14.

In FIG. 8, latch circuits 64 and 65 are provided
to temporarily store the musical tone data which are re-
spectively read from the temporary RAMs 53 and 62 in
accordance with the control codes contained in the ef-
fect programs read from the effect program memory 22.
A numeral 66 denotes a selector having five input ter-
minals, in which a first input terminal "a* receives the
musical tone data outputted from the latch circuit 65; a
second input terminal "b* receives the musical tone data
outputted from the latch circuit 64; a third input terminal
“c” receives a data value "1"; a fourth input terminal "d"
receives a data value "0"; and a fifth input terminal "e"
receives the coefficient data outputted from the coeffi-
cient register 46. In accordance with the control codes
outputted from the effect program memory 22, the se-

lector 66 selectively outputs one of five input data there-
of.

A selector 67 has four input terminals, in which
three input terminals "a”, "b" and "c* respectively receive
the musical tone data outputted from the temporary
RAMs 63, 62 and 59, while a remained input terminal
*d" receives a data value "1". In accordance with the
control codes outputted from the effect program mem-
ory 22, the selector 67 selectively outputs one of four
mput data thereof. A multiplier 68 performs a multiplica-
tion on the output data of the selectors 66 and 67. A
selector 69 has four input terminals, in which a first input
terminal "a" recaives the musical tone data to be output-
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receives the musical tone data outputted from the tem-
porary RAM 62; a third input terminal "c* receives the
musical tone data outputted from the temporary RAM
59; and a fourth input terminal “d" receives a data value
*0". In accordance with the control codes outputted from
the effect program memory 22, the selector 69 selec- .
tively outputs one of four input data thereof. )
A numeral 70 denotes an exclusive-OR gate
having two input terminals, in which a first input terminal
receives the data ocutputted from the selector 69, while
a second input terminal receives the control codes out-
putted from the effect program memory 22. A numeral
71 denotes an adder having three input terminals, in
which a firstinput terminal receives an output of the mul-
tiplier 68; a second input temminal receives an output of
the exclusive-OR gate 70; and a canry terminal, repre-
sented by "Cl", receives the control codes which are
identical to the control codes supplied to the second in-
put terminal of the exclusive-OR gate 70. The exclusive-
OR gate 70 and the adder 71 are assembled together
to form an addition/subtraction circuit 72 which performs
an addition or a subtraction on the output data of the

selector 69 and multiplier 68 in response ta the control
codes.

A numeral 73 denctes a shifter which shifts the
bit positions of the output data of the addition/subtrac-
tion circuit 72 by predetermined number of bits in re-
sponse to the contral codes outputted from the effect
program memory 22. The delay circuit 74 delays an out-
put of the shifter 73 by a predetermined delay time. A
delayed output of the delay circuit 74 is delivered to a
latch circuit 75 as well as the temporary RAM 62, the
input terminal *a"* of the selector 69 and the input termi-
nal *b* of the selector 76.
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The above-mentioned circuit elements 64 to
74 configure a sound-effact computation circuit ECC.
Thus, the input data is eventually delayed by a delay
time corresponding to four clocks ¢ in the sound-effect
computation circuit ECC. In other words, the sound-ef-
fact computation circuit ECC has an operation time cor-
responding to four clocks ¢y.

In response to.the control codes outputted
from the effect program memory 22, the latch circuit 75
temporarily retains the output data of the delay circuit
74, which is then outputted to the delay RAM 48. The
selector 76 has two input terminals, in which a first input
terminal "a" receives the musical tone data outputted
from the delay circuit 32 provided in the mixer 18 shown
in FIG. 6, while a second input terminal "b" receives the

output data of the delay circuit 74. In response to the

control codes given from the effect program memory 22,

the selector 76 selectively outputs one of two input data
thereof.

FIG. 15 is a block diagram showing a detailed

configuration of the address producing portion 23 con-
nected with the effect program memory 22. In FIG. 15,
anumeral 77 denotes a head address register which is
configured as shown in FIG. 16. The head address reg-
ister 77 receives and stores the head addresses, re-
spectively corresponding to the sound effects EF1 to
EF5, which are transferred thereto from the CPU 1

- through the CPU bus 5. At those head addresses of the

effect program memory 22, the effect programs corre-
sponding to the sound effects EF1 to EF5 designated
by the performer are respectively stored. Those head
addresses are temporarily stored in areas 77a to 77e of
the head address register 77.
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In the present embodiment, the effect program
memory 22 is designed to store the effect programs re-
spectively corresponding to eleven kinds of sound ef-
fects as shown in FIG. 17(b). The head addresses (see
FIG. 17(a)) respectively corresponding to tha effect pro-
grams are stored in a head address read-only memory
(i.e., head address ROM) 78 in advance. Incidentally,
each of the head addresses respectively stored in the
areas of the head addrass ROM 78 is represented by
an effect number identifying each of the sound effects.
For example, the head address ROM 78 forms a part of
the ROM 2 shown in FIG. 1.

Therefore, when the performer uses the
mouse 7 to select the chorus effect as the sound effect
EF 1, tha CPU 1 reads out the head address for the cho-
tus effect from the head address ROM 78 in response
tothe effect number corresponding tathe chorus effect;
and then, the head address is transferred to the sound
effect imparting apparatus: 14 through the CPU bus 5,
sa that the head'address. is temporarily stored in {fie ar-
ea 77a of the head address register 77.

- Meanwhile, a numeral 79 shown in FIG. 15 de-
notes & counter which counts the number of clocks ¢y,
generated from the clock generating circuit, within 1

- DAC cycle, so that its count value is changed from O to
255. A decoder 80 receives an 8-bit count value from
the counter 79. The decoder 80 is designed to output
the same decoded value as long as the 8-bit count value
belongs to a predetermined range. More specifically, a
first decoded value "sa” is outputted when the count val-
ue belongs to a first range between 0 and 55; a second
decoded value "sb” is outputted when the count value

~ belongs to a second range between 56 and 111; a third
decoded value "sc" is outputted when the count value
belongs to a third range between 112 and 135; a fourth
decoded value “sd" is outputted when the count value
belongs to a fourth range between 136 and 159; and a
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fifth decoded value "se" is outputted when the count val-
ue belongs to a fifth range between 160 and 255. Those
values *sa” to "se" are respectively supplied to select
terminails "SA"® to "SE" of a selector 81, while they are
also supplied to address input terminals "SA" to "SE" of
a ROM 82. |
.The selector 81 has five input terminals "A" to
"E* which respectively receive five head addresses out-
putted from the head address register 77. When the de-
coded value "sa" is supplied to the select terminal "SA",
the selector 81 selectively outputs the head address cor-
responding to the sound effect EF1. Similarly, the head
address corresponding to the sound effect EF2 is selec-
tively outputted when the decoded value "sb* is supplied
to the select terminal "SB"; the head address corre-
sponding to the sound effect EF3 is outputted when the
decoded value "sc" is supplied to the select terminal

I'n step SC5, the CPU 1 perforns an

_n
EMENG SHEE
plied

g operation data and m xed data with respect to each of
1 to EF5 is changd#, ~so that the changed effect bal ance

"SC* the head address corresponding to the sound ef-

fect EF4 is outputted when the decoded value *sd" is
suppliedtothe select terminal SD; and the head address
corresponding to the sound effect EFS is outputted
when the decoded value "se” is supphed to the select
terminal SE.

When the decoded value *sa” is suppliedto the
address input terminal SA, a data value "0* is outputted
from the ROM 82. Similarly, a data value "56" is output-
ted when the decoded value "sb” is supplied to the ad-
dress input terminal SB; a data value "112" is outputted
when the decoded value "sc” is supplied to the address
input terminal SC; a data value "136" is outputted when
the decoded value "sd" is supplied to the address input
terminal SD; and a data value "160" is outputted when
the decoded value "se” is supplied to the address input
terminal SE. In the meantime, a numeral 83 denotes a
subtracter having two input terminals, in which an input
terminal A" receives the count value outputted from the
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t

he correspondi ng, {§BE9S iR AHSNBY it PGt terminal *B* receives an
output value of the ROM 82. Thus, the subtracter 83
subtracts the output value of the ROM 82 from the count
value of the counter 78. |
An adder 84 has two input terminals, in which
an input terminal "A" receives the head address corrg-
sponding to each of the sound effects EF1 to EF5, while .
another input terminal "B” receives an output of the sub-
tracter 83. Thus, the adder 84 adds those values togeth-
er. A delay circuit 85 delays an output of the adder 84
by a predetermined delay time, so that a delayed output
. thereof is supplied to the effect program memory 22.

_ Thus, the effect programs corresponding to
five sound effects EF1 to EF5 are sequentially read from
their head addresses of the effect program memory 22
within 1 DAC cycle. Incidentally, if the performer repeat-
edly selects the same sound effect by piural times, the
same effect program would be repeatedly read out by
plural times within 1 DAC cycle.

{C] Operations of Sound Effect Imparting Apparatus

Next, operations of the CPU 1 will be described

in detail by referring to flowcharts shown in FIGS. 18,
19 and 20.

When the power is applied to the electronic
musical instrument shown in FIG. 1, the CPU 1 access-
es to a main routine shown in FIG. 18, in which the
processing thereof proceeds to a first step SA1. In step
SA1, an initialization is performed so as to initialize sev-
eral portions of the instrument. In the initialization proc-
ess, values stored in the registers provided in the RAM
3 are reset ta zero, while initial values are set to the pe-
ripherat circuits as their variables. After completing the
initialization process, the processing of the CPU 1 pro-
ceeds to step SA2.
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the sound effect EF1; hengas £ dfie CPU 1 judges whether ar not

any change for the tone color is designated by the per-

former. When the performer operates one of the tone

color switches 8 shown in FIG. 1, the data correspond-

ing to the operated switch is transferred to the CPU 1

through the switch interface 10 and the CPU bus 5.

Thus, the CPU 1 can perform the above-mentioned .
judging process by detecting whether or not-the data
corresponding to the tone color switch operated by the
performer is supplied thereto. If a result of the judgement
in step SA2 is "YES", the processing proceeds to step.
SA3.

_In step SA3; a tone-color changing process is
performed. According to this tone-color changing proc-
-ess, the tone color data is transferred to the sound
source circuit 13, while each of the effect parameters,
corresponding to the sound effects EF1 to EF5, which
are changed responsive to a change of the tone color is
transferred to the sound effect imparting apparatus 14,
for example. The details of the tone-color changing
- process wilk be described: later. When completing the
tone-color changing process, the processing proceeds

to step SA4.

When the result of the Ludgement in step SA2
is *NO®, indicating that the performer does not change
the tone color, the processing jumps to step SA%.

In step SA4, a mouse process is performed.
According to the mouse process, the sound effect, des-
ignated by the performer, which is used as each of the
sound effects EF1 to EF5 is changed in response to an
operation of the mouse 7, and the effect parameters
which are used for the sound effects EF1 to EF5 are
also changed in response to the operations of the
mouse 7. The details of the mouse process will be de-
scribed later. When completing the mouse process, the
processing proceeds to step SAS.



a-ed-deseri-ptionjthereof will be omtted. I\/breover \nbgteEtMlFé\' HEE
péﬁ&atﬁm‘s HAsvEih Ilar to the above-nmentioned operations regaR EE’

f flgCt EFL are pegrfiormed with respect to each of the sound effects EF2 to
5 ﬁ@pgga 19@@ detiai | ed description thereof will be omtted.

- 37 -

.o Q.-

In step SA5, the CPU 1 judges whether or not
a key-depression event is occurred in the keyboard unit
11. If a result of the judgement is *YES", the processing
proceeds to step SA6.

In step SA6, a tone-generation channel as-
signing process is carried out at first. Herein, it is detect-
ed whether or not any one of the tone-generation chan-
nels provided in the sound source circuit 13 is an.idle_ :
channel (which is not occupiedin gen eratin gthe musical
tenes). if there exit piural idle channels, any one-of them
is selected as a new tone-generation channel. On the
other hand, when all of the channels are occupied in

. generating the musicaltones sothat no channel is.idling,
a certain channel in which an amplitude level of an en-
'velope waveform is the lowest among all of the channels.
is selected as an idle channel. In this case, a truncate
process is performed on that channel at first, and then,
the channel is set as the idle channel. '

After detecting or selecting the idle channel in
accordance with the aforementioned tone-generation
channel assigning process, a keycode, touch data and
a key-on signal regarding the key-depression event are
transferred to the idle channel. Then, the processing
proceeds to step SA7. '

In step SA7, it is detected whether or not a key-
release event is occurred in the keyboard unit 11. If a
result of the judgement in step SA7 is "YES", the
processing proceeds to step SA8. '

| In step SA8, the CPU 1 searches the tone-gen-

eration channel which corresponds tothe keycode ofthe
key released; and then, it is judged whether or not the
tone-generation channel is now occupied in generating
the musical tones. If so, a key-release process is carried
out so that a key-off signal is transferred to the tone-
generation channel so as to mute its musical tones.
Then, the processing proceeds to step SAQ.



- 52_

After conpleting the effect-balance changing

R f h f th CPU 1.
P AT B ot Toned mhi n routine, o in which repaeeVERs SHEET

p oceeds to step |SAS.

05 AUG 1999

- 38 =~

On the other hand, when the resuit of the

judgement in step SA7 is "NO*, indicating that no key-
release event is occurred in the keyboard unit 11, the
processing jumps to step SAS.

In step SAS, predetermined processes other
than the alorementioned processes are performed,
Thereafter, the processing retums back to the afore-
mentioned step SA2. Thus, until the power supply is
stopped, the above-mentioned processes of steps SA2
to SAS are repeatedly perfarmed.

Next, the tone-color changing process to be
performed by the CPU 1 will be described in detail by
referring to a flowchart shown in FIG. 19,

When the processing of the CPU 1 reaches
step SA3in FIG. 18, a routine of the tone-color changing
process as shown in FIG. 19 is activated. At first, the
processing proceeds 1o step SB1. Herein, the CPU 1
searches the tone color data corresponding to a tone
color number (i.e., a serial number applied to each of
the tone colors preset in the system) which is designated
by operating the tone color switch 9 by the performer;
and then, the tone color data is read out from a tone-
color-data area 86a of a tone color memory 86 shown
in FIG. 20. The tone color data read frormn the tone color
memory 86 is transferred to the sound source circuit 13.
Thereatfter, the processing proceeds to step SB2.

The above-mentioned tone color memory 86
forms a part of the RAM 3, and such tone color memory
is provided for each of the tone colors. The whole stor-
age area of the tone color memory 86 is divided into sev-
en areas, i.e., the tone-color-data area B6a, a data area
86b for EF1, a data area 86¢ for EF2, a data area 86d
for EF3, a data area 86e for EF4, a data area 86f for
EF5 and an output-data area 86g. The tone-color-data
area 86a stores the tone color data and the other data
representing the name of the tone color and the like, all
of which are transferred to the sound source circuit 13.
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present embodiment is designed such that plural
sounds (e.g., maximum four sounds) can be simultane-
ausly produced in connection with one key-depression
event. In this case, the tone-color-data area 86a stores
all of the tone color data each of which is used to pro-
duce each of the sounds forming one musical tone.

_ Each of the data areas 86b-to 86f has the same
configuration. Therefore, each data area stores six
kinds of data, i.e., an effect number representing the
sound effect selected by the performer, switch data rep-
resenting on/off states of the gate 30 (see FIG. 6), mul-
tiplication coefficient data representing the multiplica-
tion coefficients of the multiplier portion 29 (see FIG. 6)
provided in the mixer 18, LFO data, coefficient data, and
address data consisting of the effect parameters.

Moraover, the output-data area 86g stores
multiplication coefficient data and switch data corre-
sponding to the aforementioned output-stage mixing
portions MIXO7 and MIXO8 respectively shown in
FIGS. 5(E) and 5(F). Incidentally, all of the data stored
in the data areas 86b to 86f, respectively provided for
the sound effects EF1 to EF5, and the data stored in the
output-data area 86g can be changed in accordance
with the mouse process, the details of which will be de-
scribed later.

In step SB2, the effect number is read from the
data area 86bfor EF 1 provided in the tone color memory
86 shown in FIG. 20; the head address corresponding
to the effect program designated by the read effect
number is read from the head address ROM 78 shown
in FIG. 17(a); and then, the head address is written into
the area 77a of the head address register 77 (sge FIG.
16) provided inthe address producing portion 23. After

completingthe process of step SB2, the processing pro-

ceeds to step SB3.
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ormed with respect to the other sound effects EF2
to EF5. More specifically, the head addresses corre-
sponding to the effect numbers stored in the data areas
86¢ to 86f are read from the head address ROM 78 (see
FIG. 17(a)); and then, those head addresses are re-
spectively written into the areas 77b to 77e in the head .
- address register 77 shown in FIG. 16. Then, the
processing proceeds to step SB4.
In step SB4, the switch data, multiplication co-
efficient data, LFO data, coefficient data and address
data are read from the data area 86b for EF1; and then,
those data are respectively transferred on the CPU bus
5 to the switch register 35, volume register 37, LFOreg-
ister 44, coefficient register 46 and address register 47
shown in FIG. 8. Thereafter, the processing proceeds to
step SBS5. -
. Instep SB5, the same process of step SB4 is-
performed with respect to the other sound effects EF2
to EF5. More specifically, the switch data, multiplication
coefficient data, LFO data, coefficient data and address
data are read from the respective data areas B6c¢ to 86f
which are provided for the sound effects EF2to EF5 re-
spectively; and then, those data are transferred to the
registers 35, 37, 44, 46 and 47. Thereafter, the process-
ing proceeds to step SB6.

| in step SB6, the switch data and muiltiplication
coefficient data are read from the output-data area 86q;
and then, they are respectively transferred to the regis-
ters 35 and 37 shown in FIG. 8. Thereatfter, the process-
ing of the CPU 1 retums back to the foregoing main rou-
tine shown in FIG. 18; and then, the processing pro-
ceeds to step SA4.

- Next, the mouse process to be performed by

the CPU 1 will be described in detail by referring to the

temporary RAM 63 s
np y éeﬁ
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When the processing of the CPU 1 reaches
step SA4 shown in FIG. 18, a routine of the mouse proc-
ess as shown in FIG. 21 is started. At first, the process-
ing proceeds to step SC1, in which a display process is
performed. According to the display process, a dis-
played image which is displayed on the display screen
of the display unit 4 is controlled. FIG. 22 shows an ex-
ample of the displayed image, wherein a numeral 4a de-
notes a display area which is displayed on the display
screen at its lower portion; a numeral 4b denotes a cur-
sor whose position is controlled by the mouse 7; and a
numeral 4¢ denctes a display area which is displayed
on the display screer at its upper portion. For instance,
‘'when the performer operates the mouse 7 to move the
cursor 4b andplaceiton aicon "EF1* in the display area
4a, andthen, the performer clicks the mouse button, the
CPU 1 reads out video information, regarding the pre-
stagemixing portion MiXi1, the sounad effect portion EFt
and the post-stage mixing portion- MiXQOt (see FIG. 4),

- from an image-information area 87z (see FIG. 28) prc-
vided inthe ROM 2, wherein thisimage-information area
87a is providedfor storing image information (or graphic
information) regarding the sound effect EF1. Further,
the effect number, switch data, multiplication coefficient
data, coefficient data and address data are read from
the data area 86b provided in the tone color memory 86,
so that a predetermined graphic pattern as shown in
FIG 22 is dispiayed at the display area 4c.

The above-mentioned image information rep-
resents a part of the whole graphic image corresponding
to the pre-stage mixing portion MiX11, the sound effect
portion EF1 and the post-stage mixing portion MIXO1.
In other words, the image information merely represents
a part of the whole graphic image which can be fixedly

_ displayed on the display screen. The other parts are dis-
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played on the basis of the data read from the data area
86b provided for the sound effect EF 1. As the otherparts
displayed on the display scraen, there are provided a
numeric value which is displayed on the right of each
multiplier (i.e., MLT, MLT1-MLT4; see FIG. 4), an on/off
state of each swiich and an enhanced portion on the
icon "EF1" (indicating that the sound effect EF1 is now
selected), for example.

In FIG. 22, a numeric value 10" (representing
the multiplication coefficient "1*) is only set for the mul-
tiplier MLT, corresponding to the input data 1B1 among
fourteen kinds of musical tone data, in.the pre-stage
mixing portion MIXt-Thus, only the input data ID1 is
multiplied by the multiplication coefficient *1* in the mul-
tiplier MLT, the output of which is transmitted to the
sound effect portion EF1 as the mixed data EM1. Inthe
sound effect portion EF1, a chorus effect is imparted to
the mixed data EM1, resulting that the aforementioned
operation data EX1L and EX1R are produced. Those
operation data EX1L and EX1R are supplied to the mul-
tipliers MLT2 and MLT3 each having anumeric value "5"
(representing a multiplication coefficient "0.5"). Thus,
the operation data EX1L and EX1R are multiplied by the
same multiplication coefficient “0.5" in the multipliers
MLT2 and MLT3, the outputs of which are respectively
supplied to the adders ADD1 and ADD2. Then, the
adder ADD1 adds together the left-channei components
with respect to the mixed data EM1 and the operation
data EX1L, while the adder ADD2 adds together the
right-channel components with respect to the mixed da-
ta EM1 and the operation data EX1R. As a result, the
output data E10L is obtained from the adder ADD1,
while the output data E10R is obtained from the adder
ADD2.
' Similarly, when the performer operates the
mouse 7 to correspondingly move the cursor 4b and
place it on each of other icons "EF2°, "EF3®, "EF4",
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*EF5"* and "QUTPUT?", the CPU 1 reads out the corre-
sponding image information from each of image-infor-

" mation areas 87b, 87c¢, 87d, 87e and 871 provided in the
ROM 2. In this case, the image information for the icon
"EF2" represents the pre-stage mixing portion MIXI2,
sound effect portion EF2 and post-stage mixing portion
MiXO2; the image information for the icon "EF3" repre- ‘
sents the pre-stage mixing portion MIX!3, sound effect
portion EF3 and post-stage mixing portion MIXO3; the
image information for the icon "EF4" represents the pre-
stage mixing portion MiX14, sound effect portion EF4
and post-stage mixing portion MIX0O4; the image infor-
mation for the icon "EF5" represents the pre-stage mix-
ing portions MIXI5 and MIXI6, sound effect portion EF5
and post-stage mixing portion MIXO5; and the image
information for the icon "OUTPUT" represents other por-
tions regarding the output opsration. Moreovey, the ef-
fect number, switch data, multiplication coefficient data,
coefficient data and address data are read from each of
the data areas 86c, 86d, 86e and 86f, while the switch
data and multiplication coefficient data are read fromthe
output-data area 86g provided in the tone color memory
86 shown in FIG. 20. Then, the corresponding graphic
pattern is displayed at the display area 4¢ on the display
screen of the display unit 4 as shown in each of FIGS.
2310 27. ‘_

As shown in FIGS. 22 and 23, only seven kinds
of sound effects containing the chorus effect (represent--
ed by "CHORUS") and a phaser effect (represented by
"PHASER") can be selected for the sound effects EF1
and EF2 within eleven kinds of sound effects represent-

* ed by the effect programs stored in the effect program
memory 22 as shown in FIG. 17(b).

As shown in FIGS. 24 and 25, only three kinds
of sound effects containing a distortion-with-equalizer
effect (represented by "DIST+EQ") and a delay effect
(represented by "DELAY") can be selected for the sound
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compytation time cdryesponding to four clocks [err]. e ﬁEﬂkSHEEF
shgwd t@ﬁ K069 bofles to be sup- plied to the selector76 sh%g‘#%cr‘li G 8.
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Whgn {eac - trok ¢tode is set at "1" level, the selector 76 selectively
outjputs—tihre—data—suppl ied to its input termnal "a". As de- scribed before,
thg m xed data EML, EM2, EMB, EM4, EME and EMBR out putted fromthe del ay
circurt 32 (see FIG 6) of the mxer 18 are supplied to the input

effects EF3 and EF4 within the eleven kinds of sound
effects preset to the effect program memory 22.
Further, as shown in FIG. 26, only the rever-
beration effect (represented by "REVERB") can be se-
lected for the sound effect EF5 within the eleven kinds
of sound effects preset to the effect program memory 22.
_ ‘Asdescribed above, a limited number of sound .
effects within the eleven kinds of sound effects preset
to the effect program memory 22 can be selected for
each of the sound effects EF1 to EF5. This is because
the size of the effect program applied to each of the
sound effects EF 1 to EF5 is fixed in the present embod-
iment. '

L
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Meanwhile, when the performer operates the
- mouse 7 to correspondingly move the cursor and place
it on an icon "LINE CONNECTION®", and then, the per-
former clicks the mouse button, the CPU 1 reads out
image information regarding the line connection from a
line-connection-image-information area 87g (see FIG:
28) provided in the ROM 2. Further, the CPU 1 reads
out the other data fromthe tone color memory 86 shown
in FIG. 20, i.e., the name of the tone color from the tone-
color-data area 86a, a pair of the effect number and
switch data from each of the data areas 86b to 86f and
the switch data from the output-data area 86g. On the
basis of the above-mentioned data, a graphic image as
shown in FIG. 22 is displayed at the display area 4c on
the display screen of the display unit 4.
. After completing the display process as de-
scribed heretofore, the processing of the CPU 1 pro-
ceeds to step SC2 shown in FIG. 21.

- In step SC2, a mixing-information changing
process is carried out. In the mixing-information chang-
ing process, the mixing information containing, the
switch data and muitiplication coefficient data is
changed, so that an image corresponding to the mixing
information changed is displayed by the display unit 4.
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For example, in arder to impart the sound effect EF 1 to
the input data ID1 which is outputted from the sound
source circuit 13 and then supplied to the mixer 18 of
the sound effect imparting apparatus 14, the performer
operates the mouse 7 to correspondingly move the cur-
sor and place it on a pictorial display area 4c1 provided
on the display screen (see FIG. 22), and then, the per-
former clicks the mouse button. In this case, the CPU 1
rewrites the switch data, correspondingtothe above pic-
torial display area 4c1, which is stored in the data area
86b of the tone color memory 86 shown in FIG. 20, while
the CPU 1 also changes the image of the pictorial dis-
play area 4c1. Further, the switch data rewritten by the
CPU 1 is transterred to the sound-effect operation por-
-tiont 19 (see FIG. 19), sothat the switch data is written
at its corresponding address in the switch register 35
provided in the mixing information supply portion.20.

In the above-mentioned case, the switch data,
which is stored in the data area 86b of the tone color
memory 86 and which also corresponds to the input data
ID? supplied to the gate circuit GT provided in the pre-

- stagemixingportion MIXI1 (seeFIG. 4), is changedfrom

~ a switch-off state to a switch-on state. Thus, a switch-
off image which is displayed at the pictorial display area
4c1 is changed to a switch-on image. Further, a numeric
value corresponding to the multiplication coefficient of

- the multiplier MLT, corresponding to the input data ID1,
provided in the pre-stage mixing portion MiXI1 is dis-
played at a numeric display area 4c2 which is arranged
on the left of the pictorial display area 4¢1 in the display
screen of the display unit 4. Then, the changed switch
data is transferred to the sound-effect operation portion
19 (see FIG. 8), so that it is written at its corresponding
address in the switch register 35 under operations of the
aforementioned circuit elements 39 to 42 shown in FIG.
9.
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When increasing the muitiplication coefficient
of the muiltiplier MLT, carresponding to the input data
(D1, provided in the pre-stage mixing portion MiXIt by
one, the performer operates the mouse 7 so as to cor-
respondingly move the cursor and place it on a right-haif
portion of the numeric dispiay area 4c2, and then, the
performaer clicks the mouse button once. Thus, the CPU .
T increments the muttiplication coefficient data, stored
irn the data area 86b of the tone color memory 86 (see
FIG. 20), by "1*, so that a numeric value displayed is
correspondingly increased by *1". Further, the multipii-
cation coefficient data incremented by the CPU 1 is
transferred tothe sound-effect operation portion 19 (see
FIG. 8), so that it is written at its corresponding address
in the volume register 37 provided in the mixing infor-
mation supply portion 20.

' Incontrast, when decreasing the multiplication
coefficient of the multiplier MLT, corresponding to the in-
put data ID1 regarding the sound effect EF1, provided
in the pre-stage mixing portion MIXI1 by one, the per-
former operates the mouse 7 to correspondingly move
the cursor 4b and place it on a left-half portion of the
numeric display area 4¢2, and then, the performer clicks
the mouse button once.

In the present embodiment, each of numeric
values "0" to "10" can be selected as the multiplication
coefficient of the multiplier MLT. Thus, in order to obtain
the desired multiplication coefficient, the performer op-
erates the mouse 7 to correspondingly move the cursor
4b and place it on the right-half portion or left-half portion

~of the numeric display area 4c2 on the display screen
of the display unit 4, and then, the performer clicks the
mouse button by plural times.

Inthe meantime, the performercan select a se-
ries of operations in which the input data ID1 and ID2
outputted from the sound source circuit 13 are mixed
together by the mixer 18; and then, the sound effect EF 1
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is applied to the mixed data in the sound effect imparting
apparatus 14. Such operations can be changed to an-
other series of operations in which the sound effect EF1
is imparted to the input data ID1 only. In this case, the
performer operates the mouse 7 to move the cursor 4b
and place it on the pictorial display area corresponding
to the input data ID2 shown in FIG. 22, and then, the y
performer clicks the mouse button. Thus, under the op-
erations of the CPU 1, the swiich data, which is stored
in the data area 86b of the tone color memory 86 (see
FIG. 20) and which also corresponds to the input data
D2 supplied to the  gate circuit GT of the pre-stage mix-
ing portion MIXI1, is changed from a switch-on state to
a switch-off state; and consequently, a switch-on image
of the pictorial display area is changed to a switch-off
image, while erasinga numeric value which is displayed
at the numeric display area as the multiplication coeffi-
- cient of the multiplier MLT, corresponding to the input
data ID2, provided in the pre-stage mixing portion
MIXi1. Then, the switch data changed by the CPU 1 is_
transferred to the sound-effect operation portion 19 as
shown in FIG. 8. Thus, the swiich data changed is writ-
ten at its corresponding address in the switch register
35 under the operations of the circuit elements 39 to 42
shown in FIG. 9.
Incidentally, the operations similar to the
. above-mentioned operations regarding the sound effect
EF1 are also performed with respect to each of the other
sound effects EF2 to EF5; hence, the detailed descrip-
tion thereof will be omitted.

"© When completing the mixing-information
changing process as describedheretofore, the proces'§-
ingofthe CPU 1 proceeds to step SC3 shown in FIG. 21.

In step SC3, the CPU 1 performs a sound-ef-
fect changing process, by which the kind of the sound
effect to be employed as each of the sound effects EF 1
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to EF5 is changed so that the changed sound effect is
displayed by the display unit 4. According to the sound-
effect changing process, it is possible to change the kind
of the sound effect EF1 from the chorus effect (repre-
sented by "CHORUS" in FIG. 22) to a flange-1 effect
(represented by "FLANGE1"), for example. in this case,
the performer operates the mouse 7 to move the cursor
4b and place it on an icon "2. FLANGE 1" displayed at
the sound-effect display area 4c3 (see FIG. 22) on the
display screen of the display unit 4, and then, the per-
former clicks the mouse button once. Thus, the CPU 1
~writes the effect number for the flange-1 effect, repre-
senting the changed sound effect, into the data area 86b
of the tone color memory 86 shown in FIG. 20. By use
of the effect number, the CPU 1 refers to the head ad-
dress ROM (see FIG. 17(a)) so as to read out the cor-
responding head address. This head address is trans-
ferred to the sound effect imparting apparatus 14,,in
which it is written into the area 77a of the head address
register 77 (see FIG. 16) provided in the address pro-
-ducing portion 23.
Moreover, the CPU 1 accesses to an area 88b
" of a fundamental data ROM 88 (see FIG. 30) which
forms a part of the ROM 2. This area 88b is provided for
the flange-1 effect, and it stores fundamental data (i.e.,
default values) of the LFO data, coefficient data and ad-
dress data in connection with the flange-1 effect. Those
fundamental data read from the area 88b of the funda-
mental data ROM 88 are written into the data area 86b
of the tone color memory 86 (see FIG. 20), while the
GPU 1 changes the corresponding images displayed by
the display unit 4. In other words, the CPU 1 stops en-
hancing the icon "1. CHORUS" so as to enhance anoth-
ericon "2. FLANGE1",
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Furthermo_re, the CPU 1 transfers the funda-
mental data of the LFO data, coefficient data and ad-
dress data to the sound-effect operation portion 19
shown in FIG. 8, in which those data are respectively
written at their corresponding addresses of the LFO reg-
ister 44, coefficient register 46 and address register 47.

Incidentally, the operations as similar to the .
above-mentioned operations regarding the sound effect
EF1 are performed with respect to each of the other
sound effects EF2 to EF5; hencs, the detailed descrip-
tion thereof will be omitted.

After completing the sound-effect ‘changing
process described heretofore, the processing of the
CPU 1 proceeds to step SC4 shown in FIG. 21.

In step SC4, the CPU 1 performs an effect-pa-
rameter changing process, by which the effect parame-
ters used for each of the sound effects EF1 to EF5 are
changed, sothat the changed effect parameters are dis-
played by the display unit 4. According 1o the effect-pa-
rameter changing process, it is possible to change sev-
eral kinds of effect parameters used for the chorus effect
selected as the sound effect. EF1, for example. In order
to do.so, the performer operates the mouse 7 to move
the cursor 4b and place-it on the icon *1. CHORUS" dis-
played in the sound-effect display area 4c3 (see FIG.
22) on the display screen of the display unit 4, and then,
the performer clicks the mouse button twice. Thus, the
CPU 1 reads out the corresponding image information
from the ROM 2, while the CPU 1 also reads out the
LFQO data, coefficient data and address data from the
data area 86b of the tone color memory 86 shown in
FIG. 20. Then, the CPU 1 works to display a window
area in proximity to the icon “1. CHORUS" in the sound-
effect display area 4¢3 as shown in FIG. 31. This area
displays current values of three effect parameters in
connection with the chorus effect.
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n an example shown in FIG. 31, a chorus-

modulation frequency (represented by “Chorus Mod.
Freq") is set at 20 Hz; a chorus-pitch-modulation depth
(represented by *Chorus PM Depth*®) is set at 50%; and
a chorus-amplitude-moduilation depth (represented by
"Chorus AM Depth") is set at 40%. _
In order to change the chorus-modulation fre- .

quency, the performer operates the mouse 7 to move
the cursor 4b and place it on a window area 4c4 which
is arranged at a right portion of a dispiay area in which
characters *1. Chorus Mod. Freq =" are displayed, and
then, the performer cl|cks the mouse button by plural
times.

=~ 4

In response to the clicking operations of the
mouse button, the CPU 1 changes the displayed fre-
quency value so as to display predetermined frequency
values, e.g., 20Hz, 40Hz, 60Hz, ... at the window area
4c4 in tum. In response to the chorus moduiation fre-
guency changed, the CPU 1 changes the effect param-
sters, i.e., LFO data, coefficient data and address data
which are stored in the data area 86b of the tone color
memory 86 (see FIG. 20). Further, the LFO data, coef-
ficient data and address data which are changed by the
CPU 1 are transferred to the sound-sffect operation por-

* tion 19 (see FIG. B), in which those data are respectively
written at their corresponding addresses of the LFO reg-
ister 44, coefficient register 46 and address register 47.

Incidentally, the operations as similar to the
above-mentioned operations regarding the sound effect
EF1 are performed with respect to sach of the other
sound effects EF2 to EF5. More specifically, the per-
former moves the cursor 4b and place it on the enhance
portion of the display area 4¢3, and then, the performer
clicks the mouse button twice; and consequently, the ef-
fect parameters comresponding to the enhanced portion
are displayed on the display screen, so that the perform-
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er can arbitrarily change each of the values of the effect
parameters. |

- After completing the effect-parameter chang-
ing process described heretofore, the processing of the
CPU 21 proceeds to step SC5 shown in FIG. 21.

in step SC5, the CPU 1 performs an effect-bal-
ance changmg process, by which an effect balance ap-
plied between the foregoing operation data and mixed
data with respect to each of the sound effects EF1 to
EFS5 is changed, so that the changed effect balance is
displayed by the display unit 4. For example, a ratio by
which the mixed data EM1 is contained in the output da-
ta E10L in connection-with the sound effect EF1 can be
changed by the performer. In order to raise such ratio,
the performer operates the mouse 7 1o move the cursor
4b and place it on a left half portion of a numeric display
area 4c5, and then, the performer clicks the mouss but-
ton by plural times. Thus, the CPU 1 changes the coef-
ficient data stored in the data area 86b of the tone color
memory 86 shown in FIG. 20, while the CPU 1 also
changes the corresponding images displayed by the
display unit 4. Then, the CPU 1 transfers the changed
coefficient data to the sound-effect operation portion 19
(see FIG. 8), in which it is written at its corresponding
address of the coefficient register 46.

Incidentally, a method of changing the coeffi-
cient data is similar to the aforementioned method of in-
creasing or decreasing the muttiplication coefficient of
the multiplier MLT, corresponding to the input data 1D1,
which is provided in the pre-stage mixing portion MiXi1
in connection with the sound effect EF1; hencs, the de-
tailed description thereof will be omitted.

_ Moreover, the operations as similar to the
-above-mentioned operations regarding the sound effect
EF1 are performed with respect to each of the sound
effects EF2 to EF5; hence, the detailed description
thereof will be omitted.
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After completing the effect-balance changing
process described heretofore, the processing of the
CPU 1 returns back to the aforementioned main routine,
in which the processing proceeds to step SAS.

Next, the operation timings of the mixer 18 and
sound-effect operation portion 19 will be described in
detail by referring to timing charts shown in FIGS. 3, 32
and 33. FIG. 3(a) shows the count values outputted from
the counter 79 shown in FIG. 15, while FIG. 3(b) shows
input timings at which the effect programs are inputted
into the sound-effect operation portion 19. As shown in
Fl1G. 15, the effect programs respectively corresponding
to the sound effects EF1 to EF5 which are selected by
the performer are sequentially read out from the head
addresses of the effect program memory 22, which are

- respectively stored in the areas 77a to 77e of the head

address register 77; and then, those effect programs are
inputted info the sound-effect operation portion 18 atthe

[input timings shown in FIG. 3(b). The above-mentioned

reading operations and inputting operations are com-

pletely carriect out within T DAC cycle.
Fia. 3(c}. indicates. input timings at which the

_.a:orementlaned mixed data EMt EMZ, EM3, EM4,

EMELanGEMSB givenfrom thetemporary FAM 63 (see
FIG. 8) a_re_ respectively inputied into. the sound-effect
computation circuit ECC. As shown in FIG. 3(c), each
of the mixeddata EM1 to EM4 is inputted intothe sound-
effect computation circuit ECC at a first operational step
of each of the sound effects EF1 to EF4, while the mixed
data EMSL and EM5R are sequentially inputted into the
sound-effect computation circuit ECC at first two oper-
ational steps of the sound effect EF5.

FIG. 3(d) indicates input timings at which the
operation data EX1L, EX1R, EX2L, EX2R, EX3, EX4,
EXSL and EX5R given from the sound-effect computa-
tion circuit ECC are respectively inputted into the tem-

DB h-QCKSJer r], while an operation of m xing the effect wave-
in a period of time corresponding to thirty-two cl ocks
wz“As descrwbad before, the operation clock of the m xer 18
ngﬂﬁpﬁﬁéenr]; however, in the timng charts shown in F
val ue representin% t he nunber of clocks [err] (i.e., O,
: 4L“,h~) AS~indidcdt ed by the tim ng38f
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orresponding to the pre-stage mxing portion MX

Hereiln, FIG 32(a) s1ovvs a part of FIG 3(i), while FIG 32(b)REHMCcMEN§ SHEET
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RANI 47. As shown i I'IG 32(b), the data stored in the m xer RAM 27 are
sequemtTalTy read out in an order of-t%e addresses shown in FIG 7.

FI 32(c) .indicatesla clear signal which is pro- vided to clear the gate

33 shown ih FIG g, TG ARRFYE. As shown in FIG. 3(d), each of those

data is inputted into the temporary RAM 63 at a certain
operational step which is delayed behind the first oper-
ational step of each of the sound effects EF1 to EF5 by
a delay time corresponding to four clocks ¢g. In FIG. 3
(d), a symbol "D" denotes a delay time corresponding
to one clock ¢4 The reason why the input timing of the
operation data is delayed behind the input timing of the
mixed data by the delay time corresponding to four
clocks ¢ is that the sound-effect computation circuit
ECC requires the computation time corresponding to
four clocks ¢,.

FIG. 3(e) shows the control codes to be sup-
plied to the selector 76 shown in FIG. 8. When each con-
trol code is set at 1" level, the selecior 76 selectively
outputs the data supplied to its input terminal “a". As de-
scribed before, the mixed data EM1, EM2, EM3, EM4,
EMSL and EM5R outputted from the delay circuit 32
(see FIG. 6) of the mixer 18 are supplied to the input
terminal "a" of the selector 76, so that each of those data
is selectively outputted when the control code is set at
"1* level. FIG. 3(f) shows input timings at which the :
mixed data outputted from the selector 76 are respec- |
tively inputted into the temporary RAM 63. Incidentally,
a timing at which each of the mixed data is produced will
be described later. _

FIG. 3(g) shows input timings at which the mu-
sical tone data outputted from the delay circuit 32 shown
in FIG. 6 are inputted to the parallel-to-serial converter
34 provided in the mixer 18, wherein those musical tone
data are eventually outputted towardthe external device
and the like. In other words, those input timings shown
in FIG. 3(g) indicate output timings of the output-stage
mixing portions MIX07 and MIXO8 shown in FIG. 5(E)
and 5(F).

- FIG. 3(h) shows the control code which is sup-
plied to the selector 28 shown in FIG. 6. When the con-




i t4m ng of the clear signal is deI ayed behind the first
opqr REPLATAPAST epiiltiepr esented by a nu- neric value "0") of the mixing
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degcr m Xi ng operat|0'n§ﬁ|c the af orenenti oned pre-stage '
i ng portion M Xl 2lre- sults in a production of the mixed data EM2 to be

g 8§66 4t P4 1081, Hie sBledttt 283kiektively
outputs the data supplied to its input terminal "b*®. More
specifically, the aforementioned operation data EX1L,
EX1R, EX2L, EX2R, EXS3, EX4, EX5L and EXSR read
from the;temporary RAM 63 shown in FIG. 8 are selec-
tively outputted from the selector 28 when the control
code is at *1* level.

- On the otherhand, when the control code sup-
phad to the selsctor 28 is set at "0" level, the selector 28
selectively outputs the data supplied to its input terminal
“a®. More specffically, the aforementioned input datalD1
to D4, external inputdataGD1, GD2, outputdata E1OL,
E10R, E20L, E20R, E30, E40, E50L and ESOR out-
putted from the mixer RAM 27 or latch circuit 27a are
selectively outputted from the selector 28 whenthe con-
trol code is set at 0" level.

Incidentally, when both of the control codes re-
spectlvely shown in FIGs. 3(e) and 3(h) are set at "0*
level, the sound-effect computation circuit ECC can
write the data into the temporary RAM 63 or read the
data from the temporary RAM 63. _

FIG. 3(i) shows input timings at which the data
are inputted into the muitiplier portion 29 provided in the
mixer 18. In FIG. 3(i), periods of time represented by
symbols "MIXI1* to *MIXI6", "MIXO7* and *MIXO8" in-
dicate input timings corresponding to the aforemen-
tioned pre-stage mixingportions MiXi1 to MiXI6 and the
output-stage mixing portions MIXO7 and MIXO8 re-
spectively shown in FIGS. 4, 5(A) to 5(F). incidentally,
a period of time represented by aterm*EFFECT WAVE-
FORMMIXED" shown in FIG. 3(i) indicates input timings
corresponding to the post-stage mixing portions MIXO1
to MIXO5 respectively shown in FIGS. 4 and 5(A)to 5
(D). Further, a mixing operation corresponding to each
of the pre-stage mixing portions MiX|1 to MIXI6 and out-
put-stage mixing portions MIXO7 and MIXOB8 is carried
out in a period of time corresponding to twenty-eight
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ng..paction MXI 3 {is stored at the predeterm ned address of
) clocks ¢q, While an operation of mixing the effect wave-
forms is carried out in a period of time corresponding to
thirty-twa clocks ¢4. As described before, the operation
clock of the mixer 18 is represented by "$,"; however,
in the timing charts shown in FIGS. 3, 32 and 33, a nu-
meric value representing the number of clocks ¢, (i.e.,
0, 2, 4, ...) is indicated by the timing of the clock ¢q in
order to simplify the illustration of each timing chart. '
FIG. 32 shows input timings corresponding to
the pre-stage mixing portion MIXi3. Herein, FIG. 32(a)
shows a part of FIG. 3(i), while FIG. 32(b) indicates read-
out timings for the data which are respectively read from
the mixer RAM 27.-As shown in FIG. 32(b), the data

stored in the mixer RAM 27 are sequentially read out in
an order of the addresses shown in FIG. 7.

FIG. 32(c) indicates a clear signal which is pro-
vided to clear the gate 33 shown in FIG. 6. The reason
why a leading-edge timing of the clear signal is delayed
behind the first operational step (represented by a nu-
meric value “0") of the mixing operation corresponding
tothe pre-stage mixing portion MiX13 by a certain period
of time corresponding to four clocks ¢g is that the oper-
ation time of the multiplier portion 29 is set equal to four
clocks ¢q. As described before, the mixing operation of
the aforementioned pre-stage mixing portion MIXI2 re-
sults in a& production of the mixed data EM2 to be sup-
plied to the sound effect portion EF2. At the leading-
edge timing of the clear signal, the mixed data EM2 is
stored at the predetermined address of the temporary
RAM 63 provided in the sound-effect operation portion
19 as shown in FIG. 32(d). Similarly, at the next leading-
edge timing of the clear signal which is delayed behind
the first operational step of the mixing operation of-the
pre-stage mixing portion MIXI4 by four clocks ¢q, the
mixed data EM3 outputted from the pre-stage mixing
portion MIXI3 is stored at the predetermined address of




porit

6
i

£P| ARRIEHE NGHEEAT )

OFr~18~a s

05 AUG 1999 i

- 56 -

" the temporary RAM 63 provided in the sound-effect op-

eration portion 19 as shown in FIG. 32(d). In order to
store the mixed data in the temporary RAM 63 at the
above-mentioned timing, the control code (see FIG. 3
(e)) supplied to the selector 76 is set at *1" level at a
timing which is delayed behind a start timing of each
mixing operation (represented by "MIX1" etc. in FIG. 3
(1)) by "68D-2D*, while each mixed data outputted from
the selector 76 is inputted into the temporary RAM 63
at a timing {see FIG. 3(f)) which is delayed behind the
start timing of each mixing operation by "6D-2D".

FIG. 32(e) shows timings at which the switch

data stored in the switch register 35 provided in the

sound-effect operation portion 19 shown in'FIG. 8 are
cQnverted into serial switch signais SD by the parallel-
to-serial converter 36 so that they are sequentially sup-
plied to the gate 30 provided in the mixer 18 shown in
FIG. 6. The reason why there provided fourteen switch

- signails SD3 in FIG. 32(e) is that the maximum fourteen

kinds of musical tone data can be inputted into the mixer
18. Within the fourteen kinds of musical tone data, a cer-
tain number of the musical tone data are designated by
the performer in order to perform the mixing operations,
so that the corresponding switch signals SD3 are only
set at "1" level. In other words, the remained musical
tone data are not subjected to mixing operations, so that
the corresponding switch signals SD3 are remained at
*0" level.

FIG. 33 shows input timings corresponding to
the post-stage mixing portions MIXO1 to MIXO5 shown
in FIGS. 4 and 5(A) to 5(D). FIG. 33(a) indicates a part
of FIG. 3(i), while FIG. 33(b) indicates read-out timings

at which the data are sequentially read from the tempo- ..

rary RAM 63 provided in the sound-effect operation por-
tion 19 shown in FIG. 8. As shown in FIG. 33(b), the data

RAM 63 provided in the sound-effect op- eration
in FIG 32(d). In order to REPLALLWILY

qf SHeET
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| ee ich is del ayed behind a start timng of each m xing

opgr ti@ bd by "M X1" etc. in FIG 3 (i)) by "6D2D', while each

m xe fromthe selector 76 is inputted into the tenporary

RANI 63 at a timng (gee FIG 3(f)) whi8h ts del ayed behind the start tining

of i on by "6D 2D". FIG 32(e) shows timngs at

which the switch” .
stored in the temporary RAM 63 are sequentially read

out in a predstermined order, by which the mixed data
EM1, operation data EX1L, mixed data EM1, operation
data EX1R, ... are sequentially read out. In other words,
the dry musical tone data and the wet musical tone data
are altematively read out from the temporary RAM 63.

FIG. 33(c) indicates a clear signal which clears
the gate 33 shown in FIG. 6. On the basis of the same
reason which has been described in conjunctiorn with
FIG. 32(c), a leading-edge timing of the clear signal
shown in FIG. 33(c) is delayed behind the first opera-
tional step of the mixing operation by four clocks ¢5. The
reason why the level of the clear signal is altematively
changed between *1" and *0" is to carry out a mixing

- operation on a pair of the dry musical tone data and wet

musical tone data, and then, to clear the result of the
mixing operation. |

FIG. 33(d) shows write timings at which the
output data of the post-stage mixing portions are se-
quentially written into the mixer RAM 27 provided in the
mixer 18 shown in FIG. 6. In this case, due to the com-
plicated operations to be performed by the multiplier
portion 29 and the accumulator consisting of the circuits
elements 30 to 33, the write timing of the output data
E10L is delayed behind the first operational step of the
mixing operation by eight clocks ¢,. More specifically,
the mixed data EM1 outputted from the pre-stage mixihg
portion MiXI1 (see FIG. 4) is multiplied by the predeter-
mined multiplication coefficient by the multiplier portion
29; and then, the corresponding operation data EX1L
outputted from the sound effect portion EF1 is further
multiplied by the predstermined multiplication coeffi-
cient by the multiplier portion 29; thereafter, those data
are accumulated by the accumulator.
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ta are written into the mixer RAM 27 provided in the mix-
er 18 shown in FIG. 8 in a certain DAC cycle, while FIG.
33(f) shows read-out timings at which the fourteen kinds
of input data, containing the input data 1D1, ID2, 1DS, ...,
used in the pre-stage mixing portion are sequentially
read from the mixer RAM 27. Amongthose data, the first
three data I1D1, ID2 and |D3 are read from the mixer
RAM 27 and are set in the latch circuit 27a in advance
during the last duration of the current DAC cycle andthe
first duration of the next DAC cycle. This isbecause only

three data can be read from the mixer RAM 27 in the

next DAC cycle. More specifically, inthe next DAC cycle
as shown in FIG. 33(d), the output data EF5OL is written
into the mixer RAM 27 in the duration corresponding to
the first two clocks ¢g; and then, the output data EFSOR
is written into the mixer RAM 27 during the duration be-
tween a fourth-clock timing and a sixth-clock timing, re-
sulting that a limited number of the input data, i.e., only
three input data ID1, 1D2 and D3, can be read from the
mixer RAM 27 in the next DAC cycle. FIG. 33(g) shows
output timings at which the data are sequentially output-
ted from the selector 28 shown in FIG. 6 in the next DAC
cycle. As shown in FIG. 33(g), only three inputdata I1D1,
iD2 and 103 are read from the latch circuit 27a, while
the other data are read from the mixer RAM 27. Thus,
the mixing operation of the pre-stage mixing portion
MIXi1 can be performed at the timing which is similar to
the operation timing of the mixing operation correspond-
ing to the pre-stage mixing portion MIX13 as shown in
FIG. 32.

As described heretofore, on the basis of the
switch data stored in the switch register 35 and the mul-
tiplication coefficient data stored in the volume register
37, the mixer 18 performs the mixing operations on the
input data IDT through the output data ESOR, stored in
the mixer RAM 27, thus producing the mixed data EM1

. JHEET

GsBP9 plijed to the gate 30 provided in the mixer 18 shown in
. The reasoniwhy there provided fourteen switch signals SD3 in FIG

er 18. Wthin the fourteen kinds of nusical tone data,
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wWhile FIG 33(b) indicates read-out timngs

to EMSR during the duration between operational-step
0 to operational-step 167 (see FIG. 3). Then, those data
are written into the temporary RAM 63 at the timings
shown in FIG. 3(f).

Further, on the basis of the switch data stored
in the switch register 35 and the multiplication coefficient

data stored in the volume register 37, the mixer performs.

the mixing operations on the input data ID1 through the
output data ESOR stored in the mixer RAM 27, thus pro-
ducing the output data OUT1 and OUT2 during the du-
ration between operational-step 168 and operational-
step 223 (see FIG. 3). Those data are outputted to the
sound system 17 at the timings as shown in FIG. 3(g).
In the duration between operational-step 224
and operational-step 255, the mixer 18 performs the
mixing operations on the mixed data EM1 to EM5R and
the operation data EX1L to EX5R stored in the tempo-
rary RAM 63 so as to produce the output data E10L to
ESOR on the basis of the multiplication coefficient data
stored in the volume register 37. Those data are written
into the mixer RAM 27 at the timings as shown in FIG.
3(d). Incidentally, during the operational step (see FIG.

~ 33(e)) in which the above-mentioned output data E10L

to ESOR are not written into the mixer RAM 27, the
aforementioned input data ID1 through the external in-
put data GD2 are written into the mixer RAM 27.

As shown in FIG. 3(c), the mixed data EM1 to
EMSR stored in the temporary RAM 63 are inputted into
the sound-effect computation circuit ECC and the delay
RAM 48 at the first operational step (or first and second
operational steps) of the mixing operations correspond-
ing to the sound effects EF1 to EF5. Those data EM1 to
EMS5R inputted into the sound-effect computation circuit
ECC and the delay RAM 48 are subjected to computa-
tions and delay operations, so that they are converted
into the operation data EX1L to EX5R, which are written

into the temporary RAM 63 at the timings as shown in
FIG. 3(d).

=1 19(=3 O r to performthe m xing operations, so that the
[ e@&g@%ﬁd‘ﬁs \%‘ t@aﬁe
r cal {tone data are not subjected to m Xi ng ogeratlon
L h@ s auGesondi fg switch signals SD3 are remained at "0" |evel.
33 shows i nputj t}ji m ngs corresponding to the post- stage m Xi ng portions
oL To™MXes—stiown |in FIGS. 4 and 5(3 to0 5(D). FIG 33(a) indicates a
t of FIG 3(i),
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Next, FIG. 34 shows an example of a chorus-
effact imparting portion which works to impart the chorus
effect to the musical tone data, displayed by the display
unit 4 as shown in FIG. 22, in cooperation with the mixer
(see FIG. 6), sound-effect operation portion 19 and de-
lay RAM 48 (see FIG. 8). In the delay RAM 48 shown in
FIG. 34, terms "RA+LFO1(l)", "RA+LFO2()* and
"HA+LFO3(l)* indicate read-out addresses. These
read-out addressesalso indicate that the data to be read
out is modulated in response to three LFO waveforms
LFO1 to LFO3 as shown in FIG. 35(A), in other words,
waveforms. Each of multiplication coefficients applied
to mutltipliers 89a to 89c¢ is altered responsive to each of
LFO waveforms LFO4 to LFOB shown in FiG. 35(B). In
other words, the data respectively inputted into the mul-
tipliers 89a to 89¢ are subjected to amplitude modula-
tion.

The above-mentioned chorus-effect imparting
portion shown in FIG. 34 functions to impart the chogus
effect to the musical tone data in accordance with effect
programs, the examples of which are shown in FIGS.
36 to 38. In the aforementioned sound effect portion
EF1, the sound-effect imparting operation is carried out
during the duratiorr between operationai-step O to oper-
ational-step 55. In FIGS. 36 to 38, a term "C-SEL" cor-
responds to the selector 76 shown in FIG. 8; terms "C-
RAM" and *“T-RAM"* respectively correspond to the tem-
porary RAMs 63 and 62 shown in FIG. 8; a term "I-SEL"
corresponds to the selector 58 shown in FIG. 8; and a
term *I-BAM" corresponds to the temporary RAM 59
shown in FIG. 8.

Further, atemm "*X-SEL" corresponds to the se-
lector 67 shown in FIG. 8; terms "YRT” and *YRI" re-
spectively correspond to the latch circuits 65 and 64
shown in FIG. 8; terms "Y-SEL" and "B-SEL" respective-

s~
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i ndi cates a cl ear sifnal which cl ears 61 -

ly correspond to the sslectors 66 and 69 shown in FIG.
8; and a term "subtractsr” corresponds to the subtracter
72 shown in FIG. 8. in a row of "subtracter® shown in
FIGS. 36 to 38, a letter "H" represents an operational
step at which the subtraction is performed, while the ad-
dition is performed at the other operational steps. More-
over, a term "SHIFT" corresponds to the shifter 73
shown in FIG. 8; a term "DW" corresponds to the latch
circuit 75 shown in FIG. 8; a term "IX"* corresponds to
the latch circuit 49; a term "GATE" corresponds 1o the
gate 50 shown in FIG. 8; a term "DELAY RAM" corre-
_ sponds to the delay RAM 48 shown in FIG. 8.
i In a row of "ADDRESS REGISTER" shown in
FIG. 36, a value "0" is written at a third operational step.
This means that a data value "0" is outputted as the ad-
dress data in the third operational step. In a row of *CO-
EFFICIENT REGISTER" shown in FIG. 38, aterm "K1*
is written at a forty-seventh operational step. This
means that coefficient data K1 is outputted at the forty-
. seventh operational step. Inarowof "LFO DATA" shown
inFIG. 36, aterm "LFO1" is written from operational step
O to operational step 7. This means that the aforemen-
tioned LFO waveform LFO1 is outputted as the LFO da-
ta. -

Next, processings of the effect programs will
be simply described by referring to FIGS. 8 and 36.

At operational step 0, the input terminal "a” of
the selector 76 (see "C-SEL" in FIG. 36) is selected, so
that the data outputted from the mixer 18 is written into
the temporary RAM 63 (see "C-RAM" in FIG. 36).

At operational step 1, the data is read from a
register C1 of the temporary RAM 63 (see "C-RAM"),
while the input terminal "a" of the selector 67 (see "X-
SEL") is selected, so that the read data is supplied to
the second input terminal of the multiplier 68. On the
other hand, the input terminal "c" of the selector 66 (see
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[ he clear signali is alternatively changed between "1" and "0" is to
r UUTa Nn.xing joperation on a patrédf-the dry nusical tone data and wet
_ sical tope dat a, nd then, to clear the result of the m xi ng operation.
"Y-SEL") is selected, so that the data value *1" is sup-
plied to the first input terminal of the multiplier 68. Thus,
the above-mentioned data is multiplied by the data value |
"1" in the multiplier 68, whose result of multiplication is
added with a data valus "0" by the adder 71. In short,
the musical tone data which is obtained in operational
step O is directly outputted in operational step 1. .

At operational step- 2, a result of the addition
performed by the adder71 is delayed by the delay circuit
74; and then, the delayed data is temporarily stored in
the latch circuit 75 (see "DW"). At the same time, The
input teminal *b* of the selector 58 (see "I-SEL") is se-
lected, so that the aforementioned decimal data of the
LFO waveform LFO1, outputted from the LFO 48, is writ-
ten inio a register |11 of the temporary RAM 59 (see "I-
RAM"). On the other hand, the aforementioned integral
data of the LFO waveform LFO1, outputted from the
LFQ 45, is temporarily retained by the latch circuit 49
(see "IX"). |

At operational step 3, the data which is tempo-
rarily retained by the latch circuit 75 (see "DW") is written
into the delay RAM 48 at its address O. ,
" Thereafter, the predetermined processings are
performed until operational step 55, so that the chorus
effect is eventually imparted to the musical tone data (in
this case, the input data ID1). _

 According to the present embodiment as de-
scribed heretofore, the sound source circuit 13 is con-
figured such that a plurality of musical tone data, each
of which is capable of representing one sound through
four sounds, are provided for each of plural tone colors,

_and those musical tone data are stored in the tone-color

data area B6a of the tone color memory 86, while each
of the tone colors can be arbitrarily selected by the per-
former; further, the musical tone data outputted from piu-
ral tone-generation channels are supplied to the sound
effect imparting apparatus 14 as the input data ID1 to

D_D.
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1B r8488RsE 16 e tone color selected by the per-
former. Thus, in the sound effect imparting apparatus
14, a plurality of sound effects can be freely imparted 1o
the input data ID1 to ID4 and the extemnal input data GD1
and GD2 in response to the operations of the mouse 7.
In this case, a desired line connection among piural
sound effects can be arbitrarily determined, while a de-
sired effect balance can be arbitrarily selected. In short,
it is possible to raise a degree of freedom in the sounc-
effect imparting operation.

[D] Modifications

In the embodiment described before, the head
address ROM 77 is referred by the CPU 1 when the
sound effect which is designated by the performer n
connection with each of the sound efiects EF1 to EF5
is changed. However, the present invention is not limied
to that embodiment. For example, the sound-effect op-
eration portion 19 can be re-designed such that thehead
address is computed for each of the sound effects on
the basis of the effect number and the like.

in the embodiment, all of the sound effect por-
tions EF1 to EF5 are used when imparting the sound
effects to the musical tone data. However, even whena
part of the sound effect portions EF1 to EF5 is only used,
the sound effect imparting apparatus 14 accordingiothe
embodiment can work well.

In the embodiment, a plurality of musical tone
data are outputted from a plurality of tone-generaticn
channels of the sound source circuit 13, so that those
musical tone data are supplied to the sound effect m-
parting apparatus 14 as the input data ID1 to ID4 inre-
sponse to their tone colors. The embodiment can be re-
designed such that the performer can arbitrarily select
one of the tone colors so as to'supply the corresponding
musical tone data to the sound effect imparting appara-
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tus 14. Or, one musical tone data is divided into plural
pieces each having a predetermined frequency band by
use of filters, so that each piece of musical tone data is
inputted into the sound effect imparting apparatus as its
one input data.

" Moreover, in the embodiment, the size of the
program used for each of the sound effects EF1 to EF5
is fixed, while a limited number of sound effects are pro-
vided for each of the sound effects EF1 to EF5. For ex-
ampie, seven kinds of sound effects, containing the cho-
rus effect and phaser effect, are provided for the sound
effect EF1, so that the other sound effects cannot be
selected for the sourid effect EF1. The present invention
is not limited to such system design. In other words, the
size of the program used for each of the sound effects
EF1 to EF5 is not fixed, so that any of desired sound
effects can be used for each of the sound effects EF1
to EF5. For example, the reverberation effect is used for
the sound effect EF 1, while the chorus effect is used as
the sound effect EF5.

Since the program size is fi xed in the embodi-
ment, the decoded value outputted from each of the de-
coder 55 (see FIG. 12), decoder 61 (see FIG. 13) and
decoder 80 (see FIG. 15) must be determined respon-

sive to the same fixed range of the count values as de-
scribed before. However, in order to embody the above-
mentioned arbitrary selection of the sound effects, the
embodiment should be re-designed such that the range
of the count values which is used to output the decoded
value from each decoder can be changed in response
to the program size arbitrarily selected for each sound
effect. inthe case of the decoder 55, the same decoded
value is outputted as longas the 8-bit count value of the
counter 54 belongs to each of the five ranges, i.e., the
first range between 0 and 55, the second range between
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56 and 111, the third range between 112 and 135, the
fourth range between 136 and 159 and the fifth range
between 160 and 255. However, when the reverberation
effect is selected for the sound effect EF 1, the decoder

. 55 is re-designed to output the same decoded value until

the 8-bit count vaiue of the counter 54 reaches "95".

In the description of the embodiment, an oper-
ation of changing thse line connection among the sound
effects EF1 to EF5 is not described. However, such op-
eration can be performed by editing the line connection,
as shown in FIG. 29, by use of the mouse 7. More spe-
cifically, the line connection among the sound effects
EF11to EF5 can be changed by rewriting the switch data
respectively stored in the tone color memory 86 and

- switch register 35 in response to the editing operation
which is performed by use of the mouse 7.

br RAM 27 provided in the nmix- er 18 shown REPIACEMEIT]
while FIG 33(f) shows read-out timngs at which the
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tIG 33(d), the output data EF50L is witten
Claims
1. A sound effect imparting apparatus comprising:

musical tone generating means (13) for gener-
ating musical tone data and/or
input means (15) for inputting input data, such )
as musical tone data and/or audio data, from
an external device;
mixing means (18), connected to the musical
tone generating means (13) and/or the input
means (15),
program storing means (22) for storing a plural-
ity of programs each of which corresponds to
one of a plurality of sound effects capabie of
being imparted to musical tone data; and
program executing means (19) coupled to the
mixing means and receiving the data selected
and mixed by the mixing means (18) as the mu-
sical tone data and/or audio data for executing
at least one of the plurality of programs re-
" ceived from the program storing means (22), so
as to impart at least one sound effect, corre-
sponding to the at least one of the plurality of
programs, to musical tone data and/or audio-
data supplied thereto;

characterized by an output of the program execut-
ing means (19) being fed back to an input of the
mixing means (18), the mixing means (18) selecting
and mixing at least one data from among the gen-
erated musical tone data provided from the musical -
tone generating means (13), the effect-imparted
musical tone data and/or effect-imparted audio data
provided from the program executing means (19),
and the input data inputted by the input means (15).

* [ L L S *
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2.

In FIG 33(g), only three input data ID1,

A sound effect imparting apparatus according to
claim 1 wherein the program executing means in-
cludes a plurality of program executers (EF1-EF5)
each of which executes one of said programs so as
toimpart a sound effect to input data supplied there-
to, whilst the mixing means includes a piurality of
input means (MIX1-8) each of which is provided for
each of said plurality of program executers and
each of which selects at least one data from among
the generated musical tone data, the input data and
a plurality of output data which are respectively out-
putted from said plurality of program executers,
wherein said at least one data is supplied to said
program executer as said input data,

wherein the mixing means further includes in-
put control means (20) which supplies to said
input means a plurality of selecting information,
each of which designates said at least one data.

A sound effect imparting apparatus according to
claim t wherein the program executing means in-
cludes & plurality of program executers (EFt=EF5)
each of which sequentially executes said programs
so as to impart the sound effects to input data sup-
plied thereto, whilst the mixing means includes a
plurality of mixers (MiX1-6) each of which is provid-
ed for each of said plurality of program executers,
wherein each of the mixers mixes at least one data
from among the generated musical tone data, the
input data and a plurality of output data which are

respectively outputted from said plurality of pro-

gram executers, thus producing mixed data, which

is supplied to said program executing means as its
input data.

* AT O A



Bg-are- eyl fromthe latch circuit 27a, while the other data are
r JaBEPLASE RS Wiiokér | RAM 27. . Thus, the mi xi ng operation of the pye-stage
miximg~portion M Xl 1 can be performed at the timng which is sipsPl AP"¥ENT REEET
ratb nAggang of jt he m xi ng operation correspond- ing to the pre-stage

ng portron MXI3 as shown in FIG 32. As descri bed heretofore,

on| t ke—basi-s—of—THe |switch data stored®®n"the switch regi ster 35 and the

mu{ - tiplication-codfficient data stored in the volune register

4. A souhd. effect imparting apparatus according to
claim 3 further comprising:

a plurality of sound-effect selecting means (24)

for selecting a plurality of sound eftects so that

said programs corresponding to selected

sound effects are read from said program stor- N
ing means.

5. A sound effect imparting apparatus according to
claim 4 further comprising:

an address designating means (23) for desig-
nating an address for each of said programs
correspondingto the selected sound effects, so
that each of said programs corresponding to
the selected sound effects is read from said
program storing means at the address desig-
nated by said address designating means.

6. A sound effect imparting apparatus according to
claim 2 further comprising:

line connection setting means (7) for setting a
line connection representing a relationship
among the sound effects,

wherein the input control means (20) desig-
nates one or some data from among the gen-
erated musical tone data, the audio data and
the plurality of output data on the basis of said
line connection set by said line connection set-
ting means, so that the designated one or some
data are supplied to each of said mixers.

* [+ L M S *
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8.

the m xer 18 perforns the m xing operations on the input data ID1

data E50R, stored in the m xer RAM 27, thus. E 86“ Jﬁ WEET
- 69 -

A sound effect imparting apparatus according to
claim 6 further providing a display means (4) which
displays a graphic pattem corresponding to said
line connection set by said line connection setting
means. '

A sound effect imparting apparatus according to
claim 3 or 6 wherein said program executers and
said mixers work in a time-division manner in syn-
chronism with each other.

A sound eftect imparting apparatus according to
claim 1 further comprising:

a plurality of post-stage mixing portions (MiXO1
to MIXOS), each of which mixes said selected
and mixed data with the effect-imparted data
thereof so as to produce output data, said out-
put data being supplied to each of said plurality
of mixers as its input data,

whereby musical tones to which the sound ef-
fects are imparted are produced on the basis of
said output data.

* c L M § *



- 59 - to EMbR during the duration between operational -step AEET
ﬁeratlonal siep 167 (see FIG 3). Then, those data are MW|tﬁﬁﬁ¥Aﬁﬁv NTﬁQE
empéﬁary RAM.B3 gt the tinings shown in FIG 3(f). Further, on the

api's of the switgh data stored in the switch register 35 and the
it i iE0U8 1959 coefficient data stored in thevol ume register 37, the nixer

forns'tTi—iij—jF operations on the i?gut data I DL through the

G N AT e

ABSTRACT:
APPARATUS FOR IMPARTING A SOUND EFFECT ON A STGNAL
A sound effect imparting apparatus, which 1is employed in the

electronic musical instrument in order to impart a variety of
sougd effécts to the musical tones in a variety of manners, is ,
mainly configured by an effect program memory (22), a sound-
effect operation portion (19), a mixer (18) and a mixing
information supply portion (20). The effect program memory
stores a plurality of effect programs, respectively corresponding
to a plurality of sound effects to be imparted to musical fone

"~ data, ;n advancé. The sound-effect operation portion performs
arithmetic operations and/or logical operations on its input data |
in accordance with the effect programs read from the efféct
program memory, thus imparting desired sound effects to the
musical tone data. The mixer receives the musical tone data,
given from an external device, and operation data, outputted from
the sound-effect operation portion, representing the musical tone
data to which the sound effects have been imparted. Thus, the
mixer selects some of the data 1nputtéd thereto in accordaﬁce_
with mixing information given from the mixing information supply
portion, so.that the selected data are mixed together; and
consequently, mixed data are supplied to the sound-effect
operation portion. On the basis of the mixed data outputted from
the mixer, the musical tones to which several kinds of sound

effects are imparted can be produced



out put data E50R stored in the m xer RAM 27, thus pro- ducing the output

data OQUT1 and OUT2 during the du- ration between operational-step 168 .and  __
op g%qg -5t o228 (see FIG 3). Those data are outputted t REMACEMENT SHEET
syst i d the.thmings as shown in FIG 3(g). In the duration
betwgen operati onal}-4tep 224 and operational -step 255, the m xer 18

perf of n§ 8 AYGMIRPnd dperations on the mxed data EML to EMBR and the

opel at i on .data EX1l tlo EX5R stored i'nlthe tenpo- rary RAM 63 so as to
profluce"The output data E1OL to
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ESOR on the basis of
vol upe register. 37. T

the multiplication coefficient data stored in the
hose data are witten into the m xer RAM 27 at the

ti m{ngep@ErSONMEHEETF] G 3(d). Incidental |y, during the operati oRBPLAGHSFHT SHEET
Yl v S

(se X

U

not itten into th
t hr gugh ﬁe"“é&t’ﬁ;na
As ghdwn.in FIG 3(¢)
RAMI63 are inputted i

Ni ch the above-nentioned output data E1OL to E5SOR are
m xer RAM 27, the aforenentioned i nput data |Dl

n- put data GD2 are witten into the m xer RAM 27.
the m xed data EMI-to EMBR stored in the tenporary
pto
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t he sound-effect conputation circuit ECC and the delay RAM 48 at the first

oper.atj.onal..step-{er first and second operational
OPET i, QOISHOT FESPO

to
de
th
I Nt

Y1 a

&0

steps) of the

el EET
r]'d- ing to the sound effects EF1 to EF5. ThB%‘glpda‘fQé'?'El\%H

224

192

160

128

96

(a)

136 160

12

56

: Ret-nput ted-Tintio the sound-effect conputation circuit ECC and the

suby ected to conputa- tions and del ay operations, so that
] edt into the operation data EXIL to EX5R which are witten
0ithe fenporacy:t RAM 63 at the tim rgs as shown in FIG 3(d).
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Next, FIG 34 shows an exanple of a chorus- effect inparting portion which
horus effect to the nusical tone data, displayed by

wor ks to_jnpart..the c .
t hel digpphomgin tigiasl shown in FIG 22, in cooperation with the gppxACEiENE SHEET
FIG prs=sound-effeacit operation portion 19 and de- lay RAM 48 (see FIG 8).
I'n -haC&q:ir ygﬁ%f gshown in FIG 34, terms "RA+LFOL(1)", "RA+LFQ2(1)" and
"RAFLE %“jq' ’cat § read-out addresses. These read-out addresses al so
i ndf cat e datla to be read out- i modul ated in response to three LFO
wav gf or s _
L .
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LFOL to LFCB as shown in FIG 35(A), in ot her wor ds, the pitch nodul ation
is performed responsive to those waveforns. Each of nultiplication

coef fiicrenrs Applied-to multipliers 89a to 89c is altered regponsiMecipe: :~cT
each oﬁ",??j;;ﬁ&:\%ﬁ\fétfdthﬁ LFO4 to LFO6 shown in FIG 35(B). In oﬁ%p%%ép the ™

1A

data |rdspectively inputted into the mul- tipliers 89a to 89c are subjected

to anplj t gdeAGABRA- it i{on. The above-nenti onedchor us-ef f ect
i mparting portion-shcivw\ in FIG 34 funac6iens to inpart the chorus
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effect to the nusical tone data in accordance with effect prograns, the

exanpl es of which are shown in FIGS. 36 to 38. In the aforenent ke G0 rgH_EET
ef f ect portlon EF1, the sound-effect inparting operation is ca?‘éﬁ:eb?é ol

duri ng—the p’et ween operational-step O to oper- ational-step 55. In

FIG B:;rterns "C RA

—~

FI GS. 35H$&$?bJQ3%1

"C-SEL" cor- responds to the selector 76 shown in
and "T- RAM' respectively correspond to the tem

por ar gs%i]}@lg!yﬁZ shown in FIG 8;7a term "I|-SEL" corresponds to _t he

sel ecfol - owWn in (5,

ADDRESS

O~ N N — O

-—r vk wwd  emb
W RN — o

8; and a

’//.;L

INPUT DATA |D1

INPUT DATA 1D2

INPUT DATA 1D3

INPUT-DATA 1D4

EXTERNAL INPUT DATA GDI

EXTERNAL INPUT DATA GD2

QUTPUT DATA E10L FROM EFIL

QUTPUT DATA E1OR FROM EFIR

QUTPUT DATA E20L FROM EF2L

OUTPUT DATA E20R FROM EF2R

QUTPUT DATA E30 FROM EF3

OUTPUT DATA E40 FROM EF4

OUTPUT DATA ES0L FROM EF5L

QUTPUT DATA ES50R FROM EF5R

FI1G.7



term"I-RAM corresponds to the terrporary RAM 59 shown in FIG 8.
Further, a term"X— SEL" corresponds to the se- lector 67 shown in FIG 8;

terng o YRT' and " YRL' re- spectively correspond to the |atch ci IS
and BREPIANIMENY EH&T 8, terms "Y-SEL" and "B- SEL" respective-"*’-_?’gl-(}"‘l'!;fz?"v"*?i‘”Eﬁs"“EET

05'Aue1_999!
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term' subtracter

row off™

|y correspond to the selectors 66 and 69 shown in FIG 8, and a

corresponds to the subtracter 72 shown in FIG

WAW“%MTS‘HE@
ol T}”ﬁ"act,.erk ~shown in FIGS. 36 to 38, a letter "H' repres S
oper anlbhaj”étep a,t...,whl ch the subtraction is perforned, Whl |l e the ad-
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dition is perforned at the other operational steps. Mre- over : ;
"SHI FT" corresponds to the shifter 73 shown in FIG 8; a termﬁﬁﬂiﬁhﬁnﬂn‘ CHFFT
COr I €S PON EEmeiOm tycuit 75 shown in FIG 8; a term"IX'

cor r espon{isRERLACRMENRSEEi f cuit 49; a term "GATE" corresponds to the gate

50 shown nfFrG™87 a tern| DELAY RAM' corre- sponds to the delay RAM 48
shown in 5. %A 1999 {!p arow of "ADDRESS REG STER' shown in FIG 36,
a value " IS |'T;§en at third operld&xional step. This nmeans that a data
val ue "0" he ad-
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‘dress datain the third operatlonal step. In a row of "CO EFFIC ENT .REG
STER' shown in FIG 38, a term”Kl" is witten at a forty- seveRﬁPrLACEMENTSHEET

oper afff

forty-

at er m{" KEOL

nmeans

da- ta.

aiegb sHpe

at o shALaﬂe?% mif

ans that coefficient data KL is outputted at the

ohal step. In a row of "LFO DATA" shown in FIG 36,
nifromoperational step O to operational step 7. This

tironed LFO waveform LFOL is outputted as the LFO
rocessi ngs of 1the effect prograns wl |

A —»

48
STORAGE AREA
FOR EF1

STORAGE AREA
FOR EF2

STORAGE AREA
FOR EF3

STORAGE AREA
FOR EF4

STORAGE AREA
FOR EF5

FIG.11



be sinply described by referring to FIGS. 8 and 36. At operationa
step.Q...the-i npur TE®i nal "a" of the selector 76 (see "C SEnghﬁmG;MBﬁTSHEET
S splﬂ@t@d*ﬂ§0 th &he data outputted fromthe mxer 18 is witten into
t he t epporai’y RAM 63 (isee "CGRAM in FIG 36). At operational step
1, Rhe dﬁ%ﬁ‘ﬁ gg9d ‘*fr{oma regi ster Cl of the tenporary RAM 63 (see

e the jnput terninal "a" of the selector 67 (see "X- SEL") is
sele%gfdﬁw&@-bhar”rﬁ% Fead data is sumplked to the second input term nal of

t he ltiplier 68. On_ihe
CA
-),558 154
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66 (see
REPLACFMENT GHEET

of the sel ector
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"Y-SEL") is selected, so that the data value "1" is sup- plied to the first

I nput termnal of the multiplier 68. Thus, the above-nentioned data is

mul tiplied bythe data value, "1" in the nmultiplier 68, whose rewﬁu\pmgmwﬁ
mul {7 ﬂ@a;%o.g lo-paddled wWith a data value "0" by the adder 71. In short,

t he| A FMERL STEEY & which is obtained in operational step O is directly

out puyted in operatj opal step 1. At operational step 2, a result

of the PHiAUGNEFerfor med by the adder 1#1-is del ayed by the delay circuit

74; tand then, the deljpyed data is tenporarily stored in
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MEMORY

}64

CONTROL CODES
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the latch circuit 75 (see "DW). At the sane tinme, the input terminal "b"

of the selector 58 (see "I-SEL") is se- lected, so that the aforenentioned
decinmml..data.of .the . LFO wavef orm LFO1, outputted fromthe LFO 4595565;\,&@@@{7\' SHEET
ten ippposEMeTi ST §1 of the temporary RAM 59 (see "I- RAM'). On the of her

hand,;=#ke--aforementi gned i ntegral data of the LFO waveform LFOL, outputted
framijthe LEO 45 i3 ttenporarily retained by the latch circuit 49 (see
" ')t ESAEG ggi\t operational step-31%he data which is tenpo-

18 ~~ T7HEAD ADDRESS FOR EFI //’77
110 ~ ™ 1FAD ADDRESS FOR EF?2

116 ~~"1/EAD ADDRESS FOR EF3
TTd—_ ™ 1FAD ADDRESS FOR EF4
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FIG.16
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rarily retained by the latch circuit75 (see '

a eRﬁéﬁ$e@ﬁ§H

hegr

TS adds

to ore, the s

sl cal{ tone dat a,

ity | | operational step 55,
vally inpartedjto the nmusical tone data (in this case,
5 AUG 199%ctonding to the present embodi ment as de-

'DW) is witten into the delay

rebs 0. Thereafter, the predeterm ned pro

so that the chorus éégﬁﬁ'W%§¥%‘

the I nput dat a
scri bed

ufjd source circuit 13 is con- figured such that a

sound t hrough.
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four sounds

t
R e e
per forner

angﬁpLOV|ded for each of plural tone colors,
m@gfed in the tone-color data area 86a of the &R
-eagh of the tone colors can be arbitrarily selected by the
furtﬂe', the nusical tone data outputted from plu- ral

t dnd- J@BeAUE 1999 chahnel s are supplied to the sound effect

apgpgratus 14 as thejinput data IDl to

- 17 -
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effects to the nusical tone data. However, even when a part of the sound
effect portions EF1 to EF5 is only used, the sound effect i mMREHiAPGs- T HEET
app’r§%gﬂkqé%agcorgkn§ to the enbodi ment can work wel . " In Nhé

enbqd pluedlify of nusical tone data are outputted froma plurality
of tionje-generation ¢h nnel s of the sound source circuit 13, so that those
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MENT,QHEET

t he decoded val ue outputted from each

coder 55 (see FIG 12),

decoder 61 (see FIG 13)
t he

decoder 80 (see FIG 15) nust be determ ned respon-
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enbodi ment shoul d be re-designed such that the range of the

counb*vabggs"mhrqh—rs-used to output the decoded _ value from
each| d&tbtie#otin bt lcHanged i n response to the pRsGt ARTYFNESHEE]
arbifrariTy” séTected flor each sound effect. In the case of

the fdecogey ApG 1gohe jsgme decoded value is outputted as |ong

as the} 8-bit count valjue of the counter 54 bel ongs to each

of tpefiye-ramgess—i .le., the - 26 - first range between 0 and 55,
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between 160 and 255. However, when the reverberation effect is selected for
the sound effect EF1l, the decoder 55 is re-designed to output the sar@kg

decoded value until the 8-bit count value of the counter m@&‘éh’b‘
In the description of the enbodi ment, an oper- ation of changing the Iine
CONMEREL Ok sranooidre ound effects EF1 to EF5 is not described. However,

o= lgnweaf. e perforned by editing the |ine connection, as shown
in H G 29 bé use of It he nouse 7. -MaBe -spe- cifically, the line connection
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i nput nmeans (15) for inputting input data, such as rrusical tone
data and/or audio data, from an external device; %
nmeans (18), connected to the nusi cal tone generati ngﬁ‘?ﬁédﬁ '('1‘5) HEET
and/ or the input means (15), program storing neans (22) for
storing a plural - ity of prograns each of which corresponds to

one Plaza, | aﬁtﬁﬂ %*{g@lﬂ Burmdsound effects capabl e of being inparted to

nmusi ¢ - 31 -
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program executing neans (19) coupled to the m xi ng neans and

recei ving the data sel ected and m xed by the m xing neans (18) as
t he mnu- sical tone data and/or audio data for executin gﬂEET
| east .Pﬂfafrﬂy of programs re- cei ved frOREWHg¢ngg ram
storin SO a as to inpart at |east one sound effect,
corre- spondlng to the at |least one of the plurality of
progr args, I@sqﬂﬁﬁqgggtqne data and/ or 3Ridi o data supplied thereto;
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characterized by an output of the program execut - ing means (19) being

fed back to an input of the m xi ng nmeans (18), the m xi n%_ neans (18)
selecting ~ and mixing at | east one data from anong the ge ED! ANCMEMT BHEET
musi cat"?tgﬁ'é'“dat'"a provided fromthe nusical t one generating neans (13),
t he ef&egit;_l;'ttpﬁ‘r.t;ed ... jmusical tone data and/or effect-inparted audio data
provi d%dE fromthe program executing nmeans (19), and the input data
inputtf;iédg,;f bR Weli tHGt neans (15). - 33 -
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2. A sound effect inparti.ng-apparatus according to claim1l wherein the

program ex cngbi_m@\_mgans{*'l AT cludes a plurality of program executers
( EF1- EF5) —eaeh--of~whi‘ch executes one of said prograns so as
i mpar t asound efé ”J.gwfpélt at asuppl i edt her e- to, V\hllsintctlmé‘CMENTrﬁj'lEET
means i ncl udg I nput neans (M X1-6) each of which is
provi ded fqr each qof .sdj plurality of program executers and each
of which sgl ects at | east on¢ data frém anong t he generat ed nusi cal
t one dat a, '
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a plurality of output data which are respectively out- putted fromsaid
plurality of program executers, wherein said at

| east one data is
suppl i ed {t-g7; aT"d‘;T:,T‘ ‘Qrogr m executer as said input data,

. \RET
the m xi ng"'Aeahs: 'f‘urthér cl udes in- put control nBERIN ich
suppliesitd said put nmeans a plurality of selecting information,
each of v%,h ch:ggegvgna'p;es s ai dat | east one dat a.

1 B Lo - 36 -
!
4. . L o
P o<
U
27
i Y
<| = :
[Fo ] o~
o L]
[ap]
w
>
Nioem r~
1€ ) =]
° %
= -
w— |
o ] o © b->3
b —
m —
e co
=
e ™
O L ]
a| < o @,
puivsd ‘{‘ -] o «© o ot
e =¥
P~ 3 =
-~ — © o © V3
)
e I
~ -
o <
o o o L
s o
< <
- : = 8
L,
= -
™ h
~r —
<
[~ ]
[sr] £ L W
~ -
— [ ~4
~r ._‘__. x
=
(=
~ “’ﬁ
e
& = =
o -< oc |
3] o wulj—
2. = (a5
I E = = _J - e -
u.l<<ﬁ<u: T RTTR = TR W= |(E—|we
NE NN — DN O— = Qoo O
ULy el X E e X W QUJUJL“U-
DO e ==X > > O NNA~- OO |<<x 80-'- -




Y L
n: "

3. A-sound effect | nparting apparatus according to claim1 wherein the

IVprogran1eXecuting nmeans i n- cludes a plurality of program executers
(EF1- EF5) each of which sequentially executes said prograns. SO as
to inpart“the sound effects to input data sup- - plied thereto, whilst
t he m xi ng nmeans includes a pIuraIiéy of mxers (M Xi=&).each of which
IS provid- ed for each of said pluratity of progranlexﬁgpﬁggﬁuE ;
wherein each of the mxers mxes_at |east one data f rjorp-aRRAg ﬁﬂ;ShEET

enerated nusical tone data, t
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I nput data and a plurality of output data which are respectively

outputted fromsaid plurality of pro- gram executers, thus producing
m xed data, which is supplied to said program executing neans as its
I nput dat a.
-2 REPLACEMENT SHEET
- and
— o 29 FEB 1897
o~ Lu =
> O
~Now =
W = o b ;
L << 0 o }
wLe>so
W =< o : <
a
N o N
o~ o~ . \\\
N -
g L) i QO
5 = u::::zj w=_
= 5 e T L = O
= O o W o — weo
= WOO e 0D~ fpt—H ==
e L o= cac ASE
i L &c L aco 205
o. ou
l .
(<)
‘_'\—\
o
L = N
&og .
~r - W2 @
| <€ |— Pnef]
2SS [
o0 0
< X=)
LI
co~\\
o
Lt
> |
= —
N -
=
\._.\ =
-_— =
O > 0. &
= << 1 —
— =0 -
<o e
— OO0
This Sheet Has Been Replaced = % w o

AT

REPLACE

I|I| |II| : THIS SHEET [HAS BEEN




4. A sound effect

| nparting apparatus according to
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sai d prograns corresponding to sel ected sound effects are read from

said-programstor-———— ing neans. 5. A sound effect inparting
apparatus accordlng to claim4 further conprising a - augaress
desi g n(R2placed or desi g nat'i ng an at HESACEMENE HEEd
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t hat each of said prograhs corresponding to the sel ected sound
effects is rera Shdeids Badn@Replaced program storing neans at the address

desi g- address designating neans. 6. A sound effect
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