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TITLE OF THE INVENTION

MUSIC SYSTEM AND
ELECTRONIC MUSICAL INSTRUMENT

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a music system and an
electronic musical instrument which reproduce automatic
performance data such as MIDI (Musical Instrument
Digital Interface) data.

Prior Art

Conventionally, a computer music system, which
is sometimes generically called an electronic musical
instrument, is known, which reads out automatic
performance data such as MIDI data stored in a floppy
disk or a hard ‘disk, and synthesizes musical tones
according to the automatic performance data, by the use
of an FM (ffequency modulation) tone generator or a WT
{(wave table) tone generator, to thereby produce musical
sounds. _ ‘

Fig. 1 shows the arrangement of an example of
the conventional computer music system. 'In the figure,
the computer music system is comprised of an ordinary
host computer 1 as a main system, and a sound board 10
as a subsystem connected to the main system via a
predetermined interface. The host computer 1 has a
construction similar to that of an ordinary personal
computer, i.e. it is comprised of a CPU 2, a program
memory 3, a ROM and a'RAM 4, a keyboard and a mouse 5,
a CRT 6, a hard disk 7, a floppy disk 8, and an MIDI
interface 9.

The CPU 2 reads out'performance data such as
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MIDI data from the hard disk 7 or the floppy disk 8,
which are provided as external memory devices, and
transmits the performance data to the sound board 10
according to a program (program for automatic
performance processing)* stored in the program memory 3.
The ROM and RAM 4 store a program for starting the host
computer 1, and various kinds of data used and/oxr '
obtained during execution of programs by the CPU 2.
Further, the host computer 1 can carry out preparation
and edition of performance data by using the keyboard
and mouse 5 and the CRT 6. Besides, the MIDI interface
9 takes in MIDI data from an external device, and sends
out MIDI data to an external device.

On the other hand, the soﬁnd board 10 is
comprised of a CPU 11, a program memory 12, a
communication interface 13, a tone generator LSI 14,
and a D/A converter 15. The CPU 11 receives MIDI data
from the host computer 1 via the communication
interface 13, generates musical tone data, based on the

- MIDI data by the use of the tone generator LSI 14, and

converts the musical tone data to analog signals, to
thereby generate musical tones by a loudspeaker, not
shown, according to a program (program for automatic
performance processihg) stored in the program memory
i2. '

Pig. 2 shows the arrangement of another example
of the conventional computer music system. In the
figuré, component parts corresponding to those in Fig.
1 are designated by identical numerals, and description
thereof is omitted. The' computer music system of Fig.
2 is comprised of an ordinary personal computer 20, and
distinguished from the example of Fig. 1 in that the
personal computer 20 includes a wave table 21 which’
stores wa&eform data indicative of waveforms of musical
tones, and a D/A converter 15. The system of Fig. 2




10

15

20

25

30

35

3
synthesizes and generates musical tones by itself. The
CPU 2 reads out performance data such as MIDI data from
a hard disk 7 or a floppy disk 8, as external memory

'devices, then reads out waveform data from the wave

table 21, based on the performance data, and converts
the waveform data to analog signals, to thereby'
generate musical tones by a loudspeaker, not shown,
according to a musical tone-synthesizing program stored
in the program memory 3. In this example, the CPU 2 is
capable of carrying out parallel processing, i.e. it
can carry out other processings as well as synthesizing
and generating musical tones.

Fig. 3 shows a program for synthesizing musical
tones, which is executed by the above described
computer music system of Fig. 2. At a step S1,
performance data such as MIDI data are read out from
the hard disk 7 or the floppy disk 8 and interpreted by
the CPU 2; Then, at a step S2, it is determined
whether or not the MIDI data indicates an ON-state or
an OFF-state of any of keys on the keyboard. If the
MIDI data does not indicate an ON-state or an OFF-state
of a key, the answer is negative_(NO), and then the
program proceeds to a step, not shown, for executing
processing corresponding to the data, description of
which is omitted, since the processing is not related
to the present invention.

On the other hand, if the MIDI data is key-ON
data or key-OFF data, the answer to the qguestion of the
step S2 is affirmative (YES), and then the program
proceeds to a step 33. At the step S3, a key code of
the MIDI dadta is assigned to a tone-generating channel
for generating a musical tone. In a computer music
system of this kind, generally, a plurality of channels
are provided, and therefore a plurality of musical

tones can be simultaneously generated. Following the
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assignment of the channel, the program proceeds to a
step S4, wherein an envelope of the musical tone is
formed based on velocity data (velocity of key
depression or key release) of the MIDI data. Then, at
a step S5, an address in the wave table 21 is
determined, which determines which waveform data should
be read out, based on the key code of the MIDI data.

Then, at a step S§6, the wave table 21 is
accessed based on the above determined address, to read
out corresponding waveform data. At a step S7, the
waveform data is multiplied'by the envelope formed at
the step S4 to prepare final waveform data (musical
tone data), which in turn is delivered to the D/A
converter 15. The final waveform data is then
converted to an analog signal by the D/A converter 15,
followed by generating a musical tone by the
loudspeaker. Then, the program proceeds to a step S8,
wherein it is determined whether or not the automatic
performance is to be terminated. If it is not to be
terminated, the answer is negative (NO), and then the
program returns to the step S1. On the other hand, if
the automatic berformance is to be terminated, the
answer to the question of the step S8 is affirmative
(YES), and then the automatic performance processing is
terminated. In Fig. 3, the process of synthesizing a
musical tone is expressed in a simplified (schématic)
manner. However, the procedure from the:step S4 to the
step S7 for determining an instantaneous value of a
musical tone waveform is repeatedly executed every
predetermined sampling period until sounding of the
musical tone is compieted,

In the conventional computer music system of
Fig. 1, which is comprised of the host computer 1 and
the sound board 10, all the functions relating to
synthesization of musical tones are performed by the
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sound board 10. Therefore, the capacity of
synthesizing musical tones, such as the number of tone-
generating channels, is determined by the capacity of
the sound board 10. For example, if performance data
stored in the hard disk 7 or the floppy disk 8 or
performance data such as MIDI data supplied from an
external device, etc. are designed for use by a tone _
generator with a larger capacity than the capacity of
the sound.board 10, the sound board 10 cannot fully
process the performance data. Further, although in
recent days a CPU which has an improved processing
capacity (processing speed) has been used, the CPU is
used only for controlling channels and breparing and
editing performance data, resulting in insufficient
utilization of the improved processing capacity.

Further, in the conventional computer music
system of Fig. 2, which is comprised of the ordinary
personal computer 20 having the wave table 21, the
synthesization of musical tones is entirely carried out
by the use of software. Therefore, if, for example,
the number of tone-generating channels is increased, an
increased burden is imposed on the program, which
adversely affects execution of the other processings
which are executed-in parallel with the synthesization
by the CPU 2. Further, to avoid this inconvenience,
mérely a simple musical tone-synthesizing algorithm can
be employed,_resuiting in degraded quality of sounds
generated, compared with the quality of sounds
generated by a system employing an excluéive sound
board. |

SUMMARY OF THE INVENTION

It is the object of the invention to provide a

computer music system and an electronic musical
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instrument which afford eésily improving the capacity
of processing musical tones, such as increasing the
number of tone-generating channels.

To attain the object, the present invention
provides a music system comprising a subsystem
including a first musical tone-synthesizing device that
synthesizes musical tones, based on performance data
externally supplied thereto, and a mixing device that
mixes together the musical tones synthesized by the
first musical tone-synthesizing device and external
musical tones externally generated and supplied
thereto, and a main system including performance data-
processing device that controls performance data
indicative of musical tones to be performed and
transmits the performance data to the subsystem at
predetermined timing, and a second musical tone-
synthesizing device that synthesizes musical tones,
based on the performance data, when the first musical
tone-synthesizing device is in a predetermined state,
wherein the main system transmits the musical tones
synthesized by the second musical tone-synthesizing.
device to the-subsystem, as the external musical tones.

Preferably, the second musical tone-synthesizing
device synthésizes musical tones, based on the
performance data, when the first musical tone-
synthesizing device reaches a limit of processing
capacity thereof.

Advantageously, the first musical tone-
synthesizing device synthesizes musical tones by
hardware. .

Also advantageously, the first musical tone-
synthesizing device and the second musical tone-
synthesizing device operate in parallel to synthesize
musical tones, based on the performance data.

Preferably, the first musical tone-synthesizing
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device and the second musical tone-synthesizing device
synthesize musical tones having respective different
characteristics. _

To attain the same object, the present inverition
also provides an electronic music instrument comprising
a performance data-processing device that controls
performance data indidative of misical tones to be
performed and transmits the performance data at
predetermined timing, a first musical tone-synthesizing
device that synthesizes musical tones, based on the
performance data, a second musical tone-synthesizing
device that synthesizes musical tones, based on the
performance data, when the first musical tone-
synthesizing device is in a predetermined state, a
mixing device that mixes together the musical tones
synthesized by the first musical tone-synthesizing
device and the musical tones synthesized by the second
musical tone-synthesizing device, and a sounding device
that generates the musical tones mixed together by the
mixing device. )

- Preferably, the first musical tone-synthesizing
device synthesizes musical tones by hardware, and the
second musical tone-synthesizing device synthesizes
musical tones by software.

The above and other objects, features, and
advantages of the invention will be more apparent from
the following detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram schematically showing
the arrangement of a conventiénal computer music
system; '

Fig. 2 is a block diagram schematically showing

This Sheet Has Been Replaced

AR




10

15

20

25

30

8
the arrangement of another conventional computer music
system;

- Fig. 3 is a flowchart showing a program for
synthesizing musical tones by the conventional computer
music system in Fig. 2 _ '

Fig. 4 is a block diagram schematically showing

‘the ‘arrangement of a computer music system_according to

a first embodiment of the present'invention:

Fig. 5 is a view useful in explaining a manner
of synthesizing musical tones according to the first
embodiment ;

Fig. 6 is a fldwchart showing a main routine for
synthesizing musical tones, according to the first
embodimeﬁt; _

Fig. 7 is a flowchart showing a subroutine for
assigning key codes to tone-genérating channels;

Fig. 8 is a block diagram schematically showing
the arrangement of a computer music system according to
a second embodiment of the present invention;:

Fig: 9 is a view useful in explaining a manner
of synthesizing musical tones according to the second
embodiment ;

Fig. 10 is a block diagram schematically showing
the arrangement of an electronic musical instrument
according to a third embodiment of. the invention;

Fig. 11 is a flowchart showing a main routine
for synthesizing musical tones, according to the third
embodiment; and

Fig. 12 is a flowchart showing a subroutine for
carrying out key-event processing.

DETAILED DESCRIPTION

The invention will now be described in detail
with reference to the drawings showing embodiments
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Referring first to Fig. 4, there is
schematically illustrated the whole arrangement of a
computer music system according to a first embodiment
of the invention. 1In Fig. 4, component parts

' corresponding to those in Figs. 1 and 2 are designated

by identical numerals, and description thereof is
omitped. The computer music system according to the
first embodiment is comprised of a host computer 30,
and a sound board 10 externally connected thereto. As
shown in the figure, the host computer 30 is comprised
of a wave table 21 which stores waveform data
indicative of waveforms of musical tones, and a program
memory 22 which stores programs including a musical
tone-synthesizing program for synthesizing musical tone
data by reading out waveform data from the wave table
21, based on automatic performance data such as MIDI
data. A CPU 2 operates on the musical tone-

-synthesizing program stored in the program memory 22 to

read out automatic performance data such as MIDI data
from a hard disk 7 or a floppy disk 8, which are
provided as external memory devices, and transmit the
read-out automatic performance data (MIDI data) to the
sound board 10 when an empty channel is present on the
sound board 10 side. On the other hand, when no empty
channel is present on the sound board 10 side, the CPU
2 reads out waveform data from the wave table 21
provided in the host computer 30, and transmits the
read-out waveform data to the sound board 10.

On the other hand, the sound board 10, which has
a similar construction to that of the sound board of

_the conventional computer music system in Fig. 1,

receives the MIDI data from the host computer 30 via a
communication interface 13 and synthesizes musical tone
data by means of a tone generator LSI‘14, according to
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a program stored in a ROM and RAM 12. Then, musical
tone data synthesized by the host computer 30 and
musical tone data synthesized by the sound board 10 are
mixed together, and the mixed musical tone data is
converted to an analog ‘signal by means of a D/A
converter 15, whereby sound of a musical tone based on
the mixed musical tone data is generated from a
loudspeaker, not shown. In the sound board 10, most of
processings with large burden are executed by the tone
generator LSI 14, and therefore the CPU 11, the ROM and
RAM 12, and the communication I/F 13 may be omitted
from the construction of the sound board 10, if
required.

Fig. 5 conceptually represents a manner of
synthesizing musical tone data by means of software,
which is employed by the computer music system
according to the first embodiment. As shown in the
figure, in the host computer 30, MIDI data read from
the hard disk 7 or the floppy disk 8 is interpreted by
a performance data-processing section 40, and
transmitted to the tone generator LSI 14 of the sound
board 10. On this occasion, if required, at a WT tone
generator section 41 of the host computer 30, waveform
data is. read out from the wave table 21 by software,
based on the MIDI data, to synthesize musical tone data
from the waveform data. On the other hand, in the
sound board 10, musical tone data is synthesized by the
tone geﬁerator LSI (hardware) 14, based on MIDI data
from the host computer 30, and musical tone data
sYnthesized by the host computer 10 and musical tone
data synthesized by the sound board 10 are mixed
together by a mixer 43 of the sound board 10, to
thereby generate séund of the mixed musical tone.
Normally, synthesization of musical tones is carried
out by the sound board 10. However, when no empty

_-_—_““*~—~—-——__~
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channel is present in the sound board 10, the
synthesization is carried out by the host computer 30.
As a result, én improvement in the capacity, such as an
increase in the number of channels, can be easily
attained. As shown in Fig. 5, according to the first
embodiment, the host computer 30 has three channels to
which musical tone data can be assigned, while the
sound board 10 has seven channels to which musical toéne
data can be assigned.

Next, the operation of the computer music system
according to the first embodiment will be described
with reference to Figs. 6 and 7 showing flowcharts of
routines for synthesizing musical tones according to
the first embodiment.

First, at a step S10 in Fig. 6, in the host
computer 30, performénce data such as MIDI data stored
in the hard disk 7 of the floppy disk 8 is read out and
interpreted. Then, at a step S11, it is determined
whether or not the MIDI data is key-ON data or key-OFF
data. If the MIDI data is neither key-ON data nor key-
OFF data, the answer is negative (NO), and then the
program proceeds to a step, not shown, for executing a
processing corresponding to the MIDI data, description
of which is omitted.

On the other hand, if the MIDI data is key-ON
data or key-OFF data, the answer to the question of the
step S11 is affirmative (YES), and then the program
proceeds to a step S12, Whérein a key code of the MIDI
data is assigned to a tone-generating channel for
generating a musical tone. In this channel assignment
processing, if there is an empty channel in the sound
board 10, the key code is assigned to the empty channel
in the sound board 10. On the other hand, if there is
no empty channel in the sound board 10, the key code is
assigned to an empty channel in the host computer 30.

_—
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12
Details of the channel assignment processing will be
described hereinafter.

Then, at a stép S13, it is determined whether or
not assignment of the key data to a channel in the host
computer 30 has been made. If assignment of the key
data to a channel in the host computer 30 has not been
made, i.e. if assignment of the key data to a channel
in the sound board 10 has been made, the answer is
negative (NO), and then the program proceeds to a step
S14. At the step S14, the MIDI data is transmitted via
the communication interface 13 to the sound board 10.
Then, it is determined at a step S16 whether or not the
automatic.performanée is to be terminated. If it is
not to be terminated, the answer is negative (NO), and
then the program returns to the step 810. Thus, the
steps S10 to S16 are repeatedly executed. 1In this
manner, normally MIDI data are sequentially transmitted
to the sound board 10. '

on the other hand, in the sound board 10, it is
determined at a step S20 whether or not MIDI data has
been received from the host computer 30. If MIDI data
has been received from the host computer 30, the answer
is affirmative (YES), and then the program proceeds to
a step S21. At the step S21, musical tone data is
synthesized based on the MIDI data by the tone
generator LSI 14. Then, at a step S22, if musical tone
data synthesized by the host computer 30 has been
transmitted to the sound board 10, the transmitted
musical tone data and the musical tone data synthesized
by the tone generator LSI 14 are mixed together. At a
step S23, the mixed musical tone data is transmitted to
the D/A converter 15, wherein the mixed musical tone
data is converted to an analog signal, whereby musical
sound is generated from the loudspeaker.

On the other hand, if.there is no empty channel
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in the sound board 10, the key data is assigned to a
channel in the host computer 30. 'In this case, the
answer to the question of the step S13 is affirmative.
(YES), and then the program proceeds to a step S15. At
the step S15, waveform data is synthésized based on the
MIDI data according to the musical tone-synthesizing
program stored in the program memory 22, and the
synthesized waveform data is transmitted to the sound
board 10. More specifically, an envelope of the
musical tone is formed based on velocity data (velocity
of key depression or key release) of the MIDI data, and
then an address of the wave table 21 is determined for
determining which waveform data should be read out,
based on the key code of the MIDI data. Then, the wave
table 21 is accessed based on the above determined
address, to read out corresponding waveform data.
Further, the read-out waveform data is multiplied by
the envelope to thereby synthesize final waveform data
{musical tone data), followed by transmitting the final
waveform data to the sound board 10. Therefore, in
this case, the musical tone data (waveform data)
transmitted by the host computer 30 at the step S22 and
the musical tone data (waveform data) synthesized by
the sound board 10 are mixed together,-whéreby a
musical tone based on the mixed musical tone data is
generated. '

Next, description will be made of the channel
assignment processing with reference to a subroutlne
shown -in Fig. 7.

At a step 830 in Fig. 7, it is determined by the
host computer 30 whether or not the read-out MIDI data
indicates a key-ON event. 1If it indicates a key-ON
event, the answer is affirmative (YES), and then the
program proceeds to a step S831. At the step 831, it is
determined whether or not an empty channel is present

This Sheet Has Been Repl

W



i0

15

20

25

30

35

14
in the sound board 10 which is a subsystem of the
computer music system. If the sound board 10 has an
empty channel, the answer is affirmative (YES), and
then the program proceeds to a step S$32. At the step
S32, the key code (KC) of the MIDI data is assigned to
the empty channel in the sound board 10, and the
assigned channel (ch) and the key code (KC) of the MIDI
data are stored in the RAM 4 in the host computer 30.
Then, the program returns to the main routine of Fig.
6, followed by execﬁting the step S13.

On the other hand, if no empty channel is
present in the sound board 10, the answer to the
question of the step S31 is negative (NO), and then the
program proceeds to a step S33. At the step S$33, it is
determined whether or not the host computer 30 has an.
empty channel. If the host computer 30 has no empty
channel, i.e. if all the channels in the sound board 10
and the host computer 30 are oécupied, the answer is
negative (NO) . Then, the program proceeds to a step,
not shown, wherein sounding of the musical tone is

- inhibited, or alternatively a musical tone which is

just decaying is stopped from being generated, to
secure an empty channel to which the key code data is
to be assigned.

on the other hand, if the host computer 30 has
an empty channel, the answer to the question of the
step S33 is affirmative (YES), and then the program
proceeds to a step S34. At the step S34, the key code
is assigned to the empty channel in the host computer'
30 as the tone-generating channel, and the assigned
channel (ch) and the key code (KC) of the MIDI data are
stored in the RAM 4 in the host computer 30. Then, the
program returns to-the main routine, followed by
executing the step S13.

If thg MIDI data does not indicate a.key-ON

-
eet Has Been Re laced

Hll\l\\ NN



10

15

20

25

30

35

15
event, i.e. if the MIDI data indicates a key-OFF event,
the answer to the question of the step S30 is negative
{NO), and then the program proceeds to a step S35. At
the step S35, the assignment of the key code to the
tone-generating channel is canceled based on the key
code (KC) and the channel (ch) stored in the RAM 4, to
release the channel from the assignment. Then, the
program returns to the main routine, followed by
executing the step S13.

As described above, according to the first
embodiment, the host ‘computer 30 does not only have a
function of controlling empty channels but also a
function of synthesizing musical tones by software.
Thus, when the sound board 10 has no empty channel, the
host computer 30 can synthesize musical tones. As a
result, the processing capacity of.the entire computer
music system is improved, which makes it possible to
efficiently synthesize musical tones, and also to
increase the number of tone-generating channels and
hence increase thé number of musical tones which can be
simultaneously generated. Besides, the CPU 2 in the
host computer 30 can be used for other processing
{parallel processing). o .

.~ Next, a second embodiment of the invention will
be described with reference to Figs. 8 and 9.

Fig. 8 shows the arrangement of a computer music
system according to the second embodiment. In the
figure, component parts corresponding to those in Fig.
4 are designated by identical numerals, and description
thereof is omitted. The computer music system
according to the second embodiment is comprised of a

~host computer 30, and a sound board 50 externally

connected thereto, similarly to the first embodiment,
and distinguished from the first embodiment in that the
sound board 50 also has a wave table 51 which stores
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waveform data indicative of waveforms of musical tones,
and a program memory 52 which stores a musical tone-
synthesizing program for synthesizing musical tone
data, based on MIDI data etc., by reading out waveform
data from the wave table 51, similarly to the host
computer 30. That is, the sound board 50 also
synthesizes musical tones by software, similarly to the
host computer 30. '

Fig. 9 conceptually represents a manner of
synthesizing musical tone data by means of software,

which is employed by the computer music system

according to the second embodiment. In the host
computer 30, MIDI data read from the hard disk 7 or the
floppy disk 8 is interpreted by a performance data-
processing section 60, and then transmitted to the
sound board 50. On this occasion, if required, at a WT
tone generator section 61 of the host computer 30,
waveform data is read out from the wave table 21 by
software, based on the MIDI data, to synthesize musical
tone data from the waveform data. On the other hand,
at a WT tone generator section 62 of the sound board
50, waveform data is read out from a waveform table 51
by software, based on the MIDI data supplied from the
host computer 30, and the musical tone data synthesized
by the host computer 30 and the musical tone data
synthesized by the sound board 50 are mixed together by
a mixer 63 of the sound board 50, to thereby generate
sound of the mixed musical tone. Normally,
synthe51zatlon of musical tones is carried out by the
sound board 50. However, when no empty channel is
present in the sound board 50, the synthesization is
carried out by the host cbmputer 30. As a result, an
improvement in the capacity, such as an increase in the
number of channels, can be easily attained. The number
of channels employed in the second embodiment is

~—————f—__/-”—”*
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identical with that of the first embodiment.

The operation of the computer music system
accdrding to the second embodiment is similar to the
first embodiment, except in that synthesization of
musical tone data in the sound board 10, which is
executed at the step S21 in Fig. 6, is carried out
according to the musical tone-synthesizing program
stored in the program memory 52. More specifically, an
envelope of the musical tone is formed based on
velocity data {(velocity of key depression or key
release) of the MIDI data, and an address of the wave
table 51 is determined for determining which waveform
data should be read out, based on a key code of the
MIDI data. Then, the wave table 51 is accessed based
on the above determined address, to read out

" corresponding waveform data. Then, the read-out

waveform data is multiplied by the envelope, to thereby
synthesize final waveform data (musical tone data).

As described above, according to the second
enmbodiment, the host computer 30 does not only have a
function of controlling empty channels but also a
function of synthesizing musical tones by software.
Further, the sound board 50 has a function of
Synthesizing musical tones by software, in place of the
tone generator LSI (hardware) employed in the first
embodiment. Therefore, when the sound board 50 has no
empty channel, the host computer 50 can synthesize
musical tones. As a result, the whole processing
capacity of the computer music system is improved,
which makes it'possible to efficiently synthesize
musical tones, and also to increase the number of tone-
generating channels and hence increase the number of
musical tones which can be simultaneously generated.

Next, a third embodiment of the invention will
be described with reference to Figs. 10 to.12.
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Fig. 10 shows the arrangement of an electronic
musical instrument according to the third embodiment.
The electronic musical instrument is comprised of a
keyboard 70, a touch detector 71, a panel
switch/display section 92, a program ROM 73, 'a waveform
ROM 74, a CPU 75, a sequential RAM 77, a tone generator
LSI 78, an adder 79, a D/A converter 80, and a sound
system 81.

The keyboard 70 has a plurallty of black keys
and a plurality of white keys, to which the touch
detector 71 is connected. The touch detector 71
detects the key-ON/OFF states and velocity of
depression or release of each key, and supplies signals
indicative of the sensed values to the CPU'75. The
panel switch/display section 72 is comprised of panel
switches for selecting performance—operéting modes and
tone colors of performance, and a display for
displaying various kinds of information.

The program ROM 73 stores programs, such as a
musical tone-synthesizing program, according to which
various component parts are controlled. The waveform
ROM 74 stores waveform data, which are read out under
control by the CPU 75 to synthesize musical tone data.
The CPU 75 transmits performance data (MIDI data),
which are to be synthesized for generation of musical
tones, to the tone generator LSI 78, according to
various kinds of information (key code, key-ON/OFF
states, and velocity) from the touch detector 71 and

Ainformation on settings by the panel switcher 72.

Further, the CPU 75 reads out waveform data from the
waveform ROM 74 by using the segquential RAM 77 and
supplies the read-out waveform data to the adder 79,
according to the musical tone-synthesizing program
stored in the program ROM 73. In the figure, a
function of synthesizing musical tones according to the
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above-mentioned musical tone-synthesizing program is
represented by a WI' (wave table) tone ‘generator 76.
The tone generator LSI 78 generates waveform

data, based on the MIDI data supplied from the CPU 75,
which is supplied to the adder 79. Whether waveform
data indicative of a waveform of a musical tone is to
be synthesized by the WT torie generator 76 or by the
tone generator LSI 78 depends on the presence/absence

. of an empty channel in the tone generator LSI 78. That

is, if the tone generator LSI 78 has no empty channel,
waveform data is generated by the WT generator
{software) 76. The adder 79 adds {(mixes) together
waveform data from the tone generator LSI 78 and
waveform data from the WT tone generator 76 and
supplies the mixed waveform data to the D/A converter
80. The D/A converter 80 converts the mixed waveform
data to. an analog signal and supplies the same to the
sound system 81. The sound system 81 is comﬁrised of
an amplifier and a speaker, neither of which is shown,
and converts the analog signal to a musical tone to
generate musical sound. .

Figs. 11 and 12 show programs for synthesizing
musical tones according to the third embodiment.

First, at a step S40 in Fig. 11, initialization,
such as clearing of various registers used for giving
performance, is executed. Then, at a step S41, key-
event processing is executed. 1In the key-event
processing, when a key is depressed, assignment of a
corresponding key code to a channel is carried out to
determine whether a musical tone corresponding to the
key is to be generated by'the tone generator LSI 78 or
by the WT tone generator 76, or when a key is released,
generation of a corresponding musical tone is stopped
to release the channel to which the musical tone is

assigned. Details of the key-event processing will be

\
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described hereinafter. if assignment of a
corresponding key code to a tone-generating channel has
been made when a key is depressed, the program proceeds
to a step S42, wherein inputting of information on
settings by the panel switches 72, delivery of data to
the display section 72, etc. are carried out. Then, at'
a step S43, musical tone data is synthesized by the WT
tone generator 76 by the use of the waveform ROM 74,
according to the musical tone-synthesizing program
stored in the program ROM 73. If the key code is not
assigned to a channel on the WT tone generator 76 side
at the step S41, musical tone data is not synthesized
by the WT tone generator 76. Then, the program returns
to the step S41, and the steps S41 to S43 are
repeatedly executed, to thereby synthesize musical tone
data and carry out automatic pérformance, based on the
synthesized musical tone data.

Then, the key-~event processing outlined above
will be described with reference to a subroutine shown
in Fig. 12. First, at a step S50, it is determined
whether or not a key has been depressed, i.e. a key-on
event has occurred. If a key-on event has occurred,
the answer is affirmative (YES), 'and then the program
proceeds to a step S51. At the step S51, it is
determined whether or not the tone generator LSI 78 has
an empty channel.‘ If the tone generator LSI 78 has an
empty channel, the answer is affirmative (YES), and
then the program proceeds to a step S$52. At the step
$52, a key code (KC) of the depressed key is assigned
to the empty channel in the tone generator LSI 78, and
then at a step S53, the assigned channel (ch) and the
key code (KC) are stored, and then the program returns
to the main routine of Fig. 11, followed by executing
the step £42. '

On the other hand, if the tone generator LSI has

_\
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no empty channel, the answer to the guestion <f the
step S51 is negative (NO), and then the program

- proceeds to a step S54, wherein it is determined

whether or not the WT tone generator 76 has an empty
channel. If the WT tone generator 76 has an empty
channel, the answer to the question of the step S$54 is
affirmative (YES), and then the program proceeds to a
step S55, wherein the key code (KC)} of the depressed
key is assigned to the empty channel in the WT tone
generator 76. Then, at the step S53, the assigned
channel (ch) and the key code (KC} are stored, and then
the program returns to the main routine of Fig. 11,
followed by executing the step S42.

As described above, according to the key
processing of the present embodiment, if the tone
generator LSI 78 has an empty channel, a key code of a
depressed key is assigned to the empty channel in the
tone generator LSI 78, whereas if the tone generator
LSI 78 has no empty channel, the key code is assigned
to an empty channel in the WT tone generator 76. In
other words, priority is given to the tone generator
LSI 78 which synthesizes musical tones by hardware, and
when all the channels in the tone generator LSI 78 are
occupied, musical tones are synthesized by software on
the WT tone generator side.

Oon the other hand, if the WT tone generator 76
has no empty channelf either, i.e. ;f the -channels of
the tone generator LSI 78 and the WT tone generator 76
are all occupied, the answer to the guestion of the
step S54 is negative (NO), and then the program
proceeds to a step, not shown, wherein sounding of the
musical tone ig inhibited, or alternatively & musical
tone which is just decaying . is stopped from being
eqeaneraled, Lo, secure an empty cannel teo which s Lhen
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If the perfqrmance data does not indicate-a key-
on event, i.e. it indicates a key-off event, the answer
to the question of the step S50 is negative (NO), and
then the program proceeds to a step S56. At the step
556, the assignment of ‘the key code to the tone-
generating channel is canceled based oh the key code
(KC) and the channel (ch) stored in the RAM 4, to
release the channel from the aséignment. Then, the
program returns to the main routine, followed by
executing the step S42. )

As described above, the electronic musical
iﬁstrument according to the third embodiment has both
the function of synthesizing musical tones by hardware
(tone generator LSI 78) and the function of
synthesizing musical tones by software (WT tone
generator 76), and is constructed such that musical
tones are preferentialiy synthesized by the tone
generator LSI 78, while only when the tone generator
LSI 78 has no empty channel, musical tones are
synthesized by the WT tone generator 76 using software.
As a result, the whole processing capacity of the
electronic musical instrument is improved, which makes
it possible to efficiently synthesize musical tones,
and also to increase the number of tone-generating
channels and hence increase the number of musical
sounds which cah be simultaneously generated.

In the above described first to third
embodiments, when musical tone-synthesizing means which
is given priority in synthesizing musical tones, e.g. a
sound board, has no empty channel, other musical tone-
synthesizing means, e.g. a host computer, synthesizes
musical tones. However, this is not limitative.
Alternatively or btogether with the above arrangemend.,
it may b arranged susch that the two musicsl bone-

synthesizing means opcrate in parallel =0 thiat Lhe bt
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means always synthesize musical tones. Further
alternatively, it may be arranged such that the two
means synthesize musical tones having respective
different characteristics, such as tone colors.

The use of parallel processing ‘as mentioned
above provides an advantage such as increased
applicability of the control by the electronic musical
instrument. On the other hand, if the two means
synthesize musical tones having respective different
characteristics, musical tones can be generated in
different manners suitable for respective different
characteristic thereof.

Especially, if the two means, e.g. a sound board
and a host computer, synthesize musical tones having
different characteristics, a function of synthesizing
simple musical tones such as rhythm sounds etc. may be
allotted to a WT tone generator which synthesizes
musical tones by software. This is because a WT tone
generator in general is suited for generating musical
tones having such tone colors as can be generated
simply by reading out PCM waveforms. On the other
hand, musical tones (tone colors) requiring a
complicated musical tone-synthesizing algorithm méy be
synthesized by the tone generator LSI. Thus, musical
tones can be synthesized by means which are selected
depending on characteristics of musical tones to be
generated to thereby enable fully exhibiting these
characteristics. Therefore, only when the scund board
is in a predetermined state, e.g. when no empty channel
ig present or when special musical tones are Lo he
generated, the othef musical tone-gsynthesizing means,
.q. a host conputer, ig operated teo synthesize musical
tones, : :

Ny degaribed ateve in debail, aoacoreding v, the:

ifl'./f:f)f'_i',h, 2 l)b, steqn e, f Vhe: r;r,m,,,“_{_.r M dpetem

Sheet Has Been Replaced

T Il



24
normally synthesizes musiéal tones, however, if first
musical tone-synthegizing means of the subsystem is in
a predetermined state, second musical tone-synthesizing
means of a main system of the computer music system
synthesizes musical tones. As a result, the number of
musical tones which can be simultaneously generated can
be increased, to thereby enable easily improving the
processing capacity of the system.
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What is claimed is:

1. A music system comprising:

a subsystem including a8 first musical tone-
synthesizing device that synthesizes musical tones,
based on performance data externally supplied thereto,
and a mixing device that mixes together said musical.
tones synthesized by said first musical tone-
synthesizing device and external musical tones
externally generated and supplied thereto:; and

a main system including performance data-

~processing device that controls performance data

indicative of musical tones to be performed and
transmits said performance data to said subsystem at
predetermined timing, and a second musical tone-
synthesizing device that synthesizes musical tones,
based on said performance data, when said first musical
tone-synthesizing device is in a predetermined state;

wherein said main system transmits said musical
tones synthesized by said second musical tone-
synthesizing device to said subsystem, as said external
musical tones. _

2. A music system as claimed in claim 1, _
wherein said second musical tone-synthesizing device
synthesizes musical tones, based on said performance
data, when said first musical tone-synthesizing device
reaches a limit of processing capaéity thereof.

3. A music system as claimed in claim 1 or 2,
wherein said first musical tone-synthesizing device
synt:hesizes musical tones by hardware.

4. A music system as claimed in claim 1 or 2,
wherein said first musical Lone-synthesizing device and
2aid second musical tone-synthesizing device operate in
parallel Lo gsynthesize mugical toncs, based on said

fooor feormanee: edastis
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5. A music system as claimed in claim 4,
wherein said first musical tone-synthesizing device and
said second musical tone-synthesizing device synthesize
musical tones having respective different
characteristics.

6. An electronic music instrument comprising:

a performance data-processing device that
controls performance data indicative of musical tones
to be performed and transmits said performance data at
predetermined timing;

a first musical tone-synthesizing device that
synthesizes musical tones, based on said pérformance
data; '

- a second musical tone-synthesizing device that
synthesizes musical tones, based on said performance
data, when said first musical tone-synthesizing device
is in a predetermined state; _

a mixing device that mixes together'said musical
tones synthesized by said first musical tone-
synthesizing device and said musical tones synthesized
by said second musical tone-synthesizing device; anq

a sounding device that generates said musical
tones mixed together by said mixing device.

7. An electronic music instrument as claimed in
claim 6, wherein said second musical tone-synthesizing
device synthesizes musical tones, based on said
performance data, when said first musical tone-
synthesizing device reaches a limit of processing
capacity thereof. '

8. "An electronic music instrument as claimed in
in claim 6 or 7, wherein said first musical tone-
synt.hesizing device synthesizes mugicsl tones by
hardware:, anel gaid gsecond muzical bone-synthesizing
Adespicce: wynllvczizes mugical Lones 'b'\/ s f twisre:,

¢

3. hnocleetronie musie instrament. ino oo )iimerd in
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laim 6 or 7, wherein said first musical tone-
synthesizing device and said second musical tone-
synthesizing device operate in parallel to synthesize
musical tones, based on said performance data.

10. An electronic music instrument as claimed
in claim 9, wherein said first musical tone-
synthesizing device and said second musical tone-
synthesiziﬁg device synthesize musical tones having
respective different characteristics. .
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