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SOUND EFFECT IMPARTING ABPARATUS paged .5, topaged .77

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 .ﬂ
control programs. Besides, accompanied with a recent progress in g
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 | n;

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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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

¥///’“1nvention. the sound effect imparting apparatus comprises a

rd

pr“ ram storing portion, a plurality of program executing

porfiions, a plurality of mixing portions and a mixing control
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portion. The program storing portion is capable of storing 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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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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FIG. 12 is a block diagram showing peripheral circuits of an
address counter;.

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 address ROM; |

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

FIG. 18 is a flowchart showing a routine of tone-color
changing proceés;

FIG. 20 is a storage 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 conmnection with the sound effect EF1;

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 gréphic pattern which is
displayed in connection with the sound effect EF4;

FIG. 26 shows an example 6f a graphic pattern which is
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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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[A] Whole Configuration of Eléctronic 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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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,
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

8 This Sheet Has Been R

WA llll



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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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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data with respect to each of left and right channels. Herein,
the term "ﬁet 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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in connection with each effect 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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portion 19 is designed to deal with fivé'sound effects EF1 to EF5
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

13
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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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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 MLT1 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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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 musical 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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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 1s 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 EF5L and EF5R of the

1éound effect portion EF5. The above-mentioned dry musical tone

data and wét musical tone data are well mixed together to achieve
a predetermined effect balance in each of the post-stage mixing
portions_MIXOl to MIXO0S.

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 EF1R. 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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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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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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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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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
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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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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

23



This Sheet Has Been Replace

L 1}

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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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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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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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
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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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; 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 tp 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 to the third range between 112 and
135; the count value of the address counter 524 is 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 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 its peripheral circuits 54 to 566. In the present embodiment,

read/write operations for the musical tone data in the delay RAM
48 dre controlled by the control codes outputted from the efféct
program memory 22. As a result, the musical tone data is written
into the delay RAM 48 at the address deéignatéd 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 frém the effect program memory 22, either one 6f
1nbut data 1s sglectively-outputted from the selector 658.

Incidentally. when thé 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 ié written into the
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temporary RAM at its write addréss 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

31



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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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 EF1l, operation data EXlL 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",

"0lgpx". "02gpx". "10ggx". "llggx". "12ggx". "20gex". "21ggx".
"30gEx"s "3lggx". "40gpx", "41lgex". "42pgx"” and "43ppx"” 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 tgmporary 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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receives the musical tone data outputted 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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terminals, in which a first input terminal receives the data

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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corresponding to four clocks ¢ .

In response 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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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 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

L 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 when the count value belongs to a fifth 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" 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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SD: and a data value "160" is outputted when the decoded value
"se" is supplied to the ﬁddress 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 éach 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 is 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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‘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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In step SA4, a mouse process is performed. According to the

processing jumps to step SA4.

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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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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18, a routine of the tone-color changing process as shown 1in FIG,.

19 is activated. At first, the processing proceeds to step SBl1.
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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configuration. Therefore, 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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specifically, the head addresses corresponding to the effect
numbers stored in the data areas 86c¢c 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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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 is 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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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 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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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
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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while the switch data and multiplication coefficient 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 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

49



This Sheet Has Been Replaced

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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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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on a right-half portion of the numeric display area 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 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

52
This Sheet Has Been Replaced

[T




sound soufce 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 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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described heretofore, the processing 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 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
performer operates the mouse 7 to move the cursor 4b and place 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 head 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) ef the LFO data,
. -
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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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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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which are stored in the data area 86b of the tone color memory 86
(see FIG. 20). 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 qperations regarding the sound effect EF1 are performed
with respect to each of the other sound effects EF2 to EF5. More
specifically, the performer moves the‘cufsor 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 operates

' the mouse 7 to move the cursor 4b and place it on a left half
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portion of a numeric display area 4c5, and then, the 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 i1t is written
at 1ts corresponding address of the coefficient register 48.

Incidentally, a method of changing the coefficient data is
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.

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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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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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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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 EX5R
read from the tempqrar& 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, 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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portions MIX0l1 to MIX05 respectively shown in FIGS. 4 and 5(A) to
5(D). Further, a mixing operation corresponding to each of the
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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results in a production of the mixed data EM2 to be supplied 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-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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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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-operation. .

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 EF50L
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is written into the mixer RAM 27 in the duration corresponding to
the first two clocks ¢ o: 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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operations on the input data ID1 through the output data E50R
stored in the mixer RAM 27, thus producing 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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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+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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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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RAM 63 (see "C-RAM" in FIG. 38).

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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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 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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operation portion 19 can be re-designed such that the head
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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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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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 6r 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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1. A sound effect imparting apparatus comprising:

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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3. A sound effect imparting apparatus as defined in claim 2
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 sound effect imparting apparatus comprisingﬁ

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 its corresponding sound effect to said musical tone
data on the baéis of the parameter supplied from said parameter

supplyipg means.
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5. A sound effect imparting apparatus as defined in claim 4

wherein at least two of sald plurality of program selecting means
can select the same program, while said paraméter 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
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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; o

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
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as its input data,
whereby musical tones to which the sound effects are

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