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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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Field of .the Invention This invention relates to a nusic system and
an el ectronic nusical instrunment which reproduce automatic performance data
such as M DI (Musical Instrument Digital Interface) data. Prior Art
Conventionally, a conputer nusic system which is sonetinmes generically
called an electronic nusical instrument, is known, which reads out
automatic performance data such as MDI data stored in a floppy disk or a
hard di sk , and synthesizes nusical tones according to the automatic
performance data, by the use of an FM (frequgncy nodul ati on) tone generator
or a WI (wave table) tone generator, to thereby produce nusical sounds.

Fig. 1 shows the alfBhg@Entinsm fhechanpl @igit 1 1o tbsvénepeonalistoBout er

musi c system |In tQRiéh &€ provided as external memory devices, and
' transmits the performance data to the sound board 10

according to a program (program for automatic

5 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/or '
obtained during execution of programs by the CPU 2.
Further, the host computer 1 can carry out preparation

10 - 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 ig

1% 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

20 - 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

25 12. '

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

30 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
35 tones, and a D/A converter 15. The system of Fig. 2
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the conputer .nusic systemis conprised of an ordinary host conputer. 1 as a
main system and a sound board 10 as a subsystem connected to the nain
systemvia a predeterm ned interface. The host conputer 1 has a
construction simlar to that of an ordinary personal conputer, i.e. it is
conprised of a CPU 2, a programnenory 3, a ROM and a RAM 4, a keyboard and
a nouse 5, a CRT 6, a hard disk 7, a floppy disk 8 and an MDI interface
9. The CPU 2 reads out performance data such as

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
5 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
10 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

15 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 82, it is determined
whether or not the MIDI data indicates an ON-state or

20 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

25 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

30 . proceeds to a step S3. At the step S3, a key code of
the MIDI data 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

35 tones can be simultaneously generated. Following the
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2 MDl ‘data fromthe hard disk 7 or. the floppy disk 8, which are provided
as external nenory devices, and transmts the performance data to the sound
board 10 according to a program (program for autonmatic performance
processing) stored in the programnenory 3. The ROM and RAM 4 store a
program for starting the host conputer 1, and various kinds of data used
and/ or obtained during execution of progranms by the CPU 2. Further, the
host conputer 1 can carry out preparation and edition of perfornmance data
by using the keyboard and nouse 5 and the CR'I{'4 6. Besides, the MD
interface 9 takes in MD data froman external device, and sends out M DI
data tod an externaPsgegppent of the chappel ot the DYAIFaM RECSHEM Woard 10 is

conprised of a CPUstép sv, (Wi BBNMehveldpe dof AR@IRUSALRDN b &rd ace 13,
a tone generator L§Er$éd based on velocity data (velocity of key
depression or key release) of the MIDI data. Then, at
5 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
10 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
15 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
20 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
25 terminated. In Fig. 3, the process of synthesizing a
musical tone is expressed in a simplified (schematic)
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
30 predetermined samplipg period until sounding of the
musical tone is completed.
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

35 synthesization of musical tones are performed by the
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and a D/A converter 15. The CPU 11 receives M DI data fromthe host )
conputer 1 via the conmmunication interface 13, generates nusical tone data,
based on the M DI data by the use of the tone generator LSI 14, and
converts the nusical tone data to analog signals, to thereby generate

nmusi cal tones by a | oudspeaker, not shown, according to a program (program
for automatic perfornmance processing) stored in the program nenory 12.

Fig. 2 shows thé arrangenent of another exanple of the conventional
conputer nusic system In the figure, conmponent parts corresponding to
those in Fig. 1 are designated by identical runerals, and description
thereof is omttedsolhé boapltldr. nfhecefygse entlod dappci®yi efconpri sed of an

ordi-nary personal Q?HPHééf{zi?r% o cdh SEHREY! Shgdh FAOPHEN GuRkeFb L QndTi 9. 1

in that the personal conputer 20 includes_ a wave table 21 which, stores
wavef orm data i ndi QSP?%WP’OW RAGASs of %g?%netdg%é@ ,tgﬁnﬂaﬁaﬁw &hnverter

15. The system of FEhg.s@und board 10. For example, if performance data
5 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
10 process the performance data. Further, although in
recent days a CPU which has an improved processing
capacity (processing speed) has been usgd, the CPU is
used only for controlling channels and preparing and
editing performance data, resulting in insufficient
15 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
'20 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
25 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
30 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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3 synthesi'zes and generates nusical tones by itself. The CPU 2 reads out
performance data such.as M DI data froma hard disk 7 or a floppy disk 8,
as external nenory devices, then reads out waveform data fromthe wave

tabl e 21, based on-the performance data, and converts the waveformdata to
anal og signals, to thereby

6
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

5 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

10 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

15 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,

20 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

25 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

30 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.

35 Preferably, the first musical tone-synthesizing
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generate nusical tones by a | audspeaker, not shown, according to a nusical
tone-synt hesi zi ng program stored in the programnenory 3. In this exanple,
the CPU 2 is capable of carrying out parallel processing, i.e. it can carry
out ot her processings as well as synthesizing and generating nusical tones.
Fig. 3 shows a program for synthesizing nusical tones, which is executed by
t he above described conputer nmusic systemof Fig. 2. At a step S1,
performance data such as MDI data are read out fromthe hard disk 7 or the
floppy disk 8 and interpreted by the CPU 2. Then, at a step S2, it is
deterni ned whether or not the MD data indi dates an ON-state or an
OFF-state of any oflekiys ad ttie keybodrmusidal HongBynthesi tiows detice

indicate an OV st atgnOheitOnsital ecbhed KBYind RRspBEVETe | $ifRGAHve (NO),
and then the progrgﬂ%froceedﬁﬂﬁo a step, not shown, for executing

processi ng cor r espohat Aot oI HESdat a, description of which is omtted
since the processing is g atglednefhe same object, the present inverition

5 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

10 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

15 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

20 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.

25 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

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

Fig. 2 is a block diagram schematically showing
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to the present invention. On the other hand, if the MD data is
key- ON data or key-OFF data, the answer to the question of the step S2 is
affirmative (YES), and then the program proceeds to a step S3. At the step
S3, a key code of the MDI data is assigned to a tone-generating channel
for generating a nusical tone. In a conmputer nusic systemof this kind,
generally, a plurality of channels are provided, and therefore a plurality
of nusical tones can be sinultaneously generated. Follow ng the

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

5 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 & manner

10 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; _

15 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;:

20 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

25 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

30 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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4 assignnent of the channel, the program proceeds to a step .S4, wherein an
eénvel ope of the nusical tone is forned based on velocity data (velocity of
key depression or key release) of the MDH data. Then, at a step S5, an
address in the wave table 21 is determ ned, which determ nes which waveform
data shoul d be read out, based on the key code of the M D data.

Then, at a step S6, the wave table 21 is accessed based on the above

determ ned address, to read out correspondi ng waveform data. At a step S7,
the waveformdata is nultiplied by the envel%pe formed at the step $4 to
prepare final waveformdata (nusical tone data), which in turn is delivered
to the D/ A convert&hed®fThe final waveformdata is then converted to an

anal og signal by the D A goratarit@y £19scf bl ©wpd 4y caerer aki ng a nusi cal
tone by the schematically illustrated the whole arrangement of a
computer music system according to a first embodiment

5 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,

10 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

15 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

20 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

25 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.

30 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

35 data by means of a tone generator LSI‘14, according to
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| oudspeaker. Then, the program proceeds to a step S8, wherein it is

det erm ned whether or not the automatic perfornmance is to be termnated. If
it-is not to be term nated, the answer is negative (NO, and then the
programreturns to the step S1. On the other hand, if the automatic
performance is to be term nated, the answer to the question of the step S8
is affirmative (YES), and then the autonatic perfornance processing is
termnated. In Fig. 3, the process of synthesizing a nusical tone is
expressed in a sinplified (schematic) manner. However, the procedure from
the step S4 to the step S7 for deternining ar%i nstantaneous val ue of a

nmusi cal tone wavefarproéograre saaired| inexcROM ezhd \RAMy 12r. ed®hen i meti ednpl | ng

period until soundigfge Qadd &y dectkehOBE 15 GRITY CbRButer 30 add) the
conventional conputer nmusic systemof Fig.. 1, which is conprised of the
host computer 1 anfUEhe? ottﬁﬂFyg@éEPdS?lBFh‘g‘Hz‘?qlé’yf&E‘ﬁ?BHE rBe3d i ege
synt hesi zati on of wmisedatodenies  apadpehéoniveetl husilval tone data is

5 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

10 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

15 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

20 - 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,

25 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

30 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

35 out by the sound board 10. However, when no empty
_—
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sound board 10. Therefore, the capacity of synthesizing nusical tones, such,
as the nunber of tone- generating channels, is determ ned by the capacity

of the sound board 10. For exanple, if performance data stored in the hard
disk 7 or the floppy disk 8 or performance data such as M DI data supplied
from an : :

11
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

5 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.

10 Next, the operation of the computer music system
accordlng 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.

15 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

20 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.

25 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

30 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

35 assigned to an empty channel in the host computer 30.

—_——
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external device, etc. are designed for use by a tone generator with a

lrar ger 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 inproved processing capacity (processing speed) has been
used, the CPU is used only for controlling channels and preparing and
editing perfornmance data, resulting in insufficient utilization of the

i mproved processing capacity. Further, in the conventional conputer
musi ¢ systemof Fig. 2, which is conprised of the ordinary persona

computer 20 having the wave table 21, the synthesization of nusical tones
Is entirely carri ebetaildyof hehaisthanhed 0éssagmnenth grrefceseingf wilbrbexanpl e,

t he nunber of toneydepek &rﬁkféFﬂgy%E I's increased, an increased burden is
i nposed on the program I ch adversely affects execution of the other

processi ngs which are exebi®Rd 3t &8Pl 813w th hebRTmiasrizwhie M eHyPH he
CPU 2. Further, tonatoafsifmfentnead\tdRi RBgedata to a channel in the host

5 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

10 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

15 _ 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

20 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

25 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

.30 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.

35 On the other hand, if.there is no empty channel
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nmerely a sinple nusical tone-synthesizing algorithmcan be enpl oyed,
resulting in degraded quality of sounds generated, conpared with the
gquality of sounds generated by a system enpl oyi ng an excl usi ve sound board.
SUMVARY OF THE | NVENTI ON It is the object of the invention to
provi de a conputer nusic systemand an el ectroni ¢ nusi cal

13
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

5 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

10 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

15 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

20 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

25 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 subfoutiné
shown -in Fig. 7.

30 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

35, ' determined whether or not an empty channel is present
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6 instrument which afford easily inproving the capacity of processing
musi cal tones, such as increasing the nunber of tone-generating channels.
To attain the object, the present invention provides a nusic system
conprising a subsystemincluding a first nusical tone-synthesizing device
t hat synthesizes nusical tones, based on performance data externally
supplied thereto, and a m xi ng -devi ce that m xes together the nusical,
tones synthesized by the first nusical tone-synthesizing device and
external musical tones externally generated and supplied thereto, and a
mai n system incl udi ng performance data- procéddsing device that controls
performance data i mdi th¢is@muref boasidcabd wbies 10 esubsysoenedf arite

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

5 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.

10 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

15 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,

20 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.

25 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 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.

35 If the MIDI data does not indicate a.key-ON

-
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transmts the performance data to the subsystem at predeterm ned tim ng,
and a second nusical tone- synthesizing device that synthesizes nusi cal
tones, based on the performance data, when the first rnusical

tone-synt hesizing device is in a predeterm ned state, wherein the main
systemtransmts the nusical tones synthesized by the second nusi cal

t one-synt hesi zi ng device to the subsystem as the external nusical tones.
Preferably, the second nusical tone-synthesizing device synthesizes nusical
tones, based on the perfornance data mhen the first musi cal tone-

synthe5|2|ng devi ce reaches a P ce55|%§ aC|t% t her eof .

Advant ageousl vy, th%VT??StllﬁUS| OHED é%ﬁqu%ﬁ CRGeHedi L& Nt e Les
nusi cal tones by hehevemswer to theAhaesaMmmgﬂwsltyzp sBe s rsiganiviecal
tone- synthesi zi ng g6y G ihddEnsCEPOG M kRledi@NEo AYBLES ST NUadevi ce

operate in paraIIeI to synthesiz
the steép S35, the assignment of the key code to the

5 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.

10 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

15 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

20 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

25 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

30 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

35 sound board 50 also has a wave table 51 which stores
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nmusi cal tones, based on the. perfornance dat a. Preferably, the first

nmusi cal tone- synthe5|2|ng 7 device
and the second rnusi cal tone-synthesizing device synthesize nusical tones
havi ng respective different characteristics. To attain the same

object, the present invention also provides an electronic mnusic instrunent
conpri sing

16

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

5 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

10 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-

15 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

20 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

25 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

30 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

35 of channels employed in the second embodiment is
_,,__—-——-—’_/
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a performance data-proecessing device that controls performance data

I‘'ndi cative of nusical tones to be perfornmed and transmts the performance
data at predetermned timng, a first nusical tone-synthesizing device that
synt hesi zes nusi cal tones, based on the performance data, a second nusi cal
tone-synt hesi zi ng device that synthesizes nusical tones, based on the
performance data, when the first mnusical tone- synthesizing device is in a
predeterm ned state, a m xi ng device that m xes together the nusical tones
synt hesi zed by the first nusical tone-synthesjirzi ng device and the nusical

tones synthesized byohbe. e, "Eﬁ%‘tc%lf Eﬁ@effé’ﬂ %O?l%nqew ce, and a

soundi ng device that generates the musical tones m Xxe toget her by the
m xi ng devi ce. - Pr eTle gReratine pfr shengRmruien MEisy FYREIN i ng
devi ce synt hesi zesa&usraahgtwaméoy:el&ahdmambodamhd higs sdeQldrnusi g

tone-synthesizing ¢gyLeeeRYOA IR CeLARLCRh ERNESNERY LR S of
' 5 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

10 | 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

18 - 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

20 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.
Further, the sound board 50 has a function of
Synthesizing musical tones by software, in place of the

25  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,

30 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

35 be described with reference to Figs. 10 to.12.
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The above and ot her objects, features, and advantages of the invention wll
be nore apparent fromthe follow ng detail ed description taken in

conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS Fig. 1 is a block diagramschematically show ng
the arrangenent of a conventional conputer nusic system Fig. 2is a

bl ock di agram schematically show ng

18
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

5 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

10 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

1s 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

20 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),

25 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.

30 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

35 . function of synthesizing musical tones according to the
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8 the arrangenent of another conventional conputer mnusic system

Fig. 3 is a flowhart showi ng a program for synthesizing nusical tones by
t he conventional conputer nusic systemin Fig. 2; Fig. 4 is a block
di agram schemati cal | y showi ng the arrangenent of a computer nusic system
according to a first enbodi nent of the present invention; Fig. 5is
a view useful in explaining a manner of synthesi zing nusical t ones
according to the first enbodi nent; Fig. 6 is a flowhart showing a
mai n routine for synthesizing nusical tones, @ccording to the first

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,
5 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
10 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
15 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,
20 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,
25 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
30 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

35 assigned. Details of the key-event processing will be

\
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enbodi nent ; Fig. 7 is a flowhart show ng a subrouti-ne for assigning

key codes to tone-generating channels; Fig. 8 is a block diagram
schematically showi ng the arrangenent of a conputer nusic system according
to a second enbodi rent of the present invention; Fig. 9is a view
useful in explaining a manner of synthesizing nusical tones according to

't he second enbodi nent; Fig. 10 is a block diagramschematically
showi ng the arrangenent of an el ectronic nusical instrunment according to a
third enbodi ment of the invention; Fig20 11 is a flowhart showi ng a

main routine for syjudesiedndePUshefled ONES 236¢GhHERAY 40 4 he third
enbodi nent ; - and Fig. 12 i a fkfmchart shomﬁng a subroutine_for
carryi ng out key-e%&ﬁ?ﬁ&P%B@é&Png?y code to a tone-gerlerating channel has

been made when a key is depressed, the program proceeds
to a step S42, wherein inputting of information on
5 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
10 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
15 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
20 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
25 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
30 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. '

35 On the other hand, if the tone generator LSI has
This Sheet 4,

MG



DETAI LED DESCRI PTI-ON The invention wll now be described in detail
with reference to the drawi ngs show ng enbodi nents
9 thereof. Referring first to Fig. 4, there is

21
no empty channel, the answer to the question of 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
5 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
10 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
15 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
20 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
25 ' 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
30 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

35 sms e thee kesy cjede: o f thee prezenlly deqressend ey,

e
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schematically illustrated the whol e arrangenent of a conputer nusic system
according to a first enbodi nent of the invention. In Fig. 4, conponent
parts corresponding to those in Figs. 1 and 2 are designated by identical
nuneral s, and description thereof is omitted. The conputer nusic system
according to the first enbodinment is conprised of a host conputer 30, and a
sound board 10 externally connected thereto. As shown in the figure, the
host conputer 30 is conprised of a wave table 21 which stores waveform data
i ndi cative of waveforns of nusical tones, anda program nmenory 22 which
stores prograns .includingza Eﬂhléigﬁkﬂlfdr@\ﬁﬁcéyahhg&idémmdﬂ dgrdantera key-

synt hesi zi ng nu3|cal tggggdata by rea gaagtamgveﬂggpkﬁé%& fEHg1%£%ﬁ%?ve

tabl e 21, based on CRutomatict erfornance a su
operates on the nu§rcéhet6hést§vhﬂﬁé§m@|ﬁgeprééQahﬁanﬁﬁﬁiwen(Nﬁé pRRFYr am
menory 22 to read lebnauhenﬁ{r@@rmrar%ma@er_saéas@éwrssxﬁ Mall tHat gcégpom a

hard di sk 7 or a fIQppy Esgsgigx%géﬁ1o -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 aséignment. Then, the
program returns to the main routine, followed by
10 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

15 : 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

20 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

25 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 bhoard, has no empty channel, other musical tone-

30
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-

35 :-'.'/h".|’)"-.-!—;i?.in-’; means operate in parallel =0 that Lhe bt
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provi ded as external nenory devices, and transmt the read-out automatic
performance data (M D data) to the sound board 10 when an enpty channel is
present on the sound board 10 side. On the other hand, when no enpty

channel is present on the sound board 10 side, the CPU 2 reads out waveform
data fromthe wave table 21 provided in the host conputer 30, and transmts
t he read-out waveformdata to the sound board 10. On the ot her .-hand,
t he sound board 10, which has a simlar construction to that of the sound
board of the conventional conputer music systemin Fig. 1, receives the

M DI data fromthe host conputer 30 via a co nication interface 13 and
synt hesi zes nusi camepogeatiadys byydwss zef masioak ywrmsrat GrrLBer 14,

according to alternatively, it may be arranged such that the two
means synthesize musical tones having respective
different characteristics, such as tone colors.

5 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

10 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

15 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

20 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

25 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

30 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:

35 invention, a4 subsystem of VYhe compaaleor s s oan
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10 a programstored in a ROM and RAM 12. Then, nusical tone data y
synt hesi zed by the host conputer 30 and nusical tone data synthesized by
t he sound board 10 are m xed together, and the m xed nusical tone data is
converted to an anal og signal by means of a D/ A converter 15, whereby sound
.of a nusical tone based on the m xed nusical tone data i's generated froma
| oudspeaker, not shown. In the sound board 10, nost of processings with
| arge burden are executed by the tone generator LSI 14, and therefore the
CPU 11, the ROM and RAM 12, and the conmmuni cazt4i on I/F 13 may be omtted
fromthe construction of the sound board 10, if _ _
normally synthesizes musical 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
5 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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required. Fig. 5 conceptually represents a manner of synthesi zing

musi cal tone data by neans of software, which is enployed by the conputer

musi ¢ system according to the first enbodi nent. As s

in the figure

t he host conputer 30, M DI data read fromthe hard di sk 7 o1

disk 8 is interpreted by a performance data-processin
transmtted to the tone generator LSI 14 of the sound

_ d/'? 40 and
occasion, if required, at a WI tone generator section 41 o wwu””s
conput er 30, maveforn1data S read out fromthe wave table 21 by §ofrmare

based on the M DI ix size nmusical tone data fromthe waveform
FrAtH

data. On the othe? ﬁ&ndb

séiind board 10: nusica

tone data is

synt hesi zed by the tone generator LSI (hardmare) 14, based on M DI data

fromthe host conputer 30; an 1&H§k?@yé%%ﬂe g %ﬂgggﬁhéegog¥dt28 Q?Zt

conputer 10 and nusical tone data synthe5|ze

nm xed a subsystem including a flrst musical tone-

synthesizing device that synthesizes musical tones,

based on performance data externally supplied thereto,

5 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-

10 ~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,

15 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,

20 musical tones.

as said external

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

25 reaches a limit of processing capacity thereof.

3. A music system as claimed in claim 1 or 2,

wherein said first musical tone-synthesizing device

synthesizes musical tones by hardware.

4. A music system as claimed in

claim 1 or 2,
L ]

30 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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toget her by a mxer 43 of the sound board 10, to thereby generate sound of
the nmi xed nusical tone. Normally, synthesization of nu: es is
carried out by the sound board 10. However, when no errpt

Egatnﬂgl hlogtpgg?rglrjtelrn?)ghe sound board 10, the synt heS| iz T"fm”’,ﬂ"m m'm"[)ut

26

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 .

5 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

10 predetermined timing;

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

- a second musical tone-synthesizing device that

15 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-

20 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

25 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.

30 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:,

35 Do hn )t ronie musie instrament. i o aimed i
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As a result, an inprovenment in the capacity, such as an increase in the
nunber of channels, can be easily attained: As shown-in_Fig. 5 according
to the first enbodi nent, the host conputer 30 has three channel s to which
nmusi cal tone data can be assigned, while the sound boﬁlmmﬂmumﬂm
channel s to which nusical tone data can be assigned

operation of the conputer nusic system according to the Fir'st "endodf ment
wi || be described with reference to Figs. 6 and 7 showing flowharts of
routi nes for synthesizing nmusical tones according to the first enbodi nent.
First, at a step S10 i.n Fig. 6, in the host cé?‘rput er 30, perfornmance data
such as M Dl data stioried 8 wrt He Whedeith sdaid drirshembsdppy thrsk 8 is read
out and interpreted, Jhen, zqtrlgadg/?@esgrl_b fdid SodBhar oSt Whakder or no

the MD data is key-ON data or data_i s .neither
key-ON data nor keySYpe g7 qg fiﬁ?él%‘?ls‘@%?ra}%e HEgREFFELENTC SFIEREASt he

musical tones, based on said performance data.

5 ' 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.

" This Sheet Has Been Rei
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pr.ogram proceeds to a step, not shown, for executing a processing
corresponding to the M DI data, description of which is omtted. On
the other hand, if the MDI 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, wherein a key cqgf.of the MD data is assigned to
a tone-generating channel for generating a nusical tone. [In this channel

assi gnment processin there is _an ty channel in the sound board 10,
the ey code i MUISHon S ST ST BEEF TR e HUBT Cate IUSTRIMERH d 20 On ¢ he
other hand, if there is no enpty channel in the sound board 10, the key

code i s assi gned to an enpty chaBgERACT oM eriPIISINsURE 30.

A music system'is comprised of a subsystem and a
main system. The subsystem includes a first musical
tone-synthesizing device that synthesizes musical
tones, based on performance data externally supplied
thereto, and a mixing device that mixeé together the .
musical tones synthesizéd by the first musical tone-
synthesizing device and external musical tones
externally generated and supplied -thereto. The main
system includes 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, wﬁen the
first musical tone-synthesizing device is in a
predetermined state. The main system transmits the
musical tones synthesized by the second musical tone-
synthesizing device to the subsystem, as the external

musical tones.

FIGURE 12

ThlS Sheet Has Been Replaced :




12 Details of the channel assignnment processing will be described

herei nafter. Then, at a step S13, it is determ ned whet her or not
assignment of the key data to a channel in the host conputer 30 has been
made. If assignnment of the key data to a channel in the host conmputer 30
has not been nade, i.e. if assignnent of the key data to a channel in the
sound board 10 has been nade, the answer 4i,$5 negative (NO), and then the
program proceeds to a step S14. At the step S14, the M Dl data is '
transmtted via the conmunication interface 13 to the sound board 10. Then,
it is determned at a step S16 whether or not the
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automatic performance is to be termnated. If it is not to be term nated,
t'he answer is negative (NO, and then the programreturns to the step S10.
Thus, the steps S10 to S16 are repeatedly executed. In this manner,
normally M Dl data are sequentially transmtted to the sound board 10.

On the other hand, in the sound board 10, it is determined at a step S20
whet her or not M DI data has been receivegipromthe host conputer 30. I|f

M DI data has been received fromthe host conputer 30, the answer is
affirmative (YES), and th the program proceeds to a step S21. At the step
S21, nusical tone data is synthesized based on the M D data by the tone
generator LSI 14. Then, at a step S22, if nusical tone data synthesized by
the host conputer 30 has ibéen transmited to the sound board 10, the
transmitted nusical tone idatg -3 mugi cal. t¢ne data synthesized by the
tone generator LSl 14 are mxed togetjher | At a step S23, the m xed nusica
tone data is transnitted ito !
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the D/ A converter 15, wherein the m xed nusical tone data is converted to
an anal og signal, whereby nusical sound is generated fromthe | oudspeaker.
On the other hand, if there is no enpty channel ,

13 in the sound board 10, the key data is ass channel in the host conputer
30. In this case, the answer to the question of the step S13 is affirmative

3/12

FIG.3
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(YES), and then the program proceeds to a step S15. At the step S15,
waveform data is synthesi zed based on the M DI data according to the

nusi cal tone-synthesizing programstored in the program menory 22, and the
synt hesi zed waveformdata is transnmtted to the sound board 10. More
specifically, an envel ope of the nusical tone is fornmed based on velocity
data (velocity of key depression or key 4MRease) of the M D data, and then
an address of the wave table 21 is determ ned for determ ni ng which
wavef orm data shoul d be read out, based on the key code of the M DI data.
Then, the wave table 21 is accessed based on the above determ ned address,
to read out correspondi ng wavef orm data. Further, the read-out waveform
data is nultiplied By the envel ope to thereby synthe5|ze final waveform
data (nusical tone data), followed by transmtting the final waveform data
to the sound board-iOL Therefore--in-thi-s-ease, the nusical tone data

(wavef or m dat a) traagnmaaad_ry t1g>hosh-eanputer 30 at the step S22 and
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t he nusical tone data (waveform data) synthesized by the sound board 10 are
m xed together, whereby a nusical tone based on the m xed nusical tone data
i s gener at ed. Next, description will be nade of the channe

assi gnment processing with reference to a subroutine shown in Fig. 7.

At a step S30 in Fig. 7, it is determ ned by the host conputer 30 whet her
or not the read-out M DI data indicates key-ON event. If it indicates a
key- ON event, the answer is affirmative> S), and then the program
proceeds to a step S31. At the step S31, it is determ ned whether or not an

enpty channel is present
FIG.5
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14 in the sound board 10 which is a subsystem of the conputer nusic system
If the sound board 10 has an enpty channel, the answer is affirmative
(YES), and then the program proceeds to a step S32. At the step S32, the
key code (KC) of the MDI data is assigned to the enpty channel in the
sound board 10, and the assigned channel (ch) and the key code (KC) of the
M DI data are stored in the RAM4 in tggmhost conputer 30. Then, the
programreturns to the main routine of Fig. 6, foll owed by executing the
step S13. On the other hand, if no enpty channel is present in the
sound board 10, the answer to the question of the step S31 is negative

(NO, and then the :
FIG.6
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program proceeds to a step S33. At the step S33, it is determ ned whet her
or not the host conputer 30 has an enpty channel. I'f the host conputer 30
has no enpty channel, i.e. if all the channels in the sound board 10 -and *
t he host conputer 30 are occupied, the answer is negative (NO. Then, the
program proceeds to a step, not shown, wherein sounding of the nusical tone
is inhibited, or alternatively a nusicag #?ne which is just decaying is

st opped from bei ng generated, to secure 4 enpty channel to which the key
code data is to be assigned. On the other hand, if the host conputer
30 has an enpty 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 ther ?hannel in the host conputer 30
as the tone-generating channel, and Th s%f gned channel (ch) and the key
code (KC) of the MDI data are stored in the RAM4 in the host conputer 30.
Then, the :

| SOUNDING
PROCESSING -
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S31

EMPTY
__CHANNEL IN SUB-
SYSTEM?

YES —~
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SQUND BOARD, AND

STORE CHANNEL
& KEYBOARD
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I ndi cate a key-ON .

dat a does not
if the MD

. €.

the question of the step S30 is negative (NO,

proceeds to a step S35. At the step S35,

programreturns to the main routine,
t he

I'f the M DI
15 event,
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t one- generat.i ng channel is canceled based on the key code (KC) and the
channel (ch) stored in the RAM 4, to rel ease the channel fromthe
assignment. Then, the programreturns to the main routine, followed by
executing the step S13. As descri bed above, according to the first
enbodi nent, the host conputer 30 does not only have a function of
controlling enpty channels but also a fuﬁg@ion of synt hesi zi ng nusi cal
tones by software. Thus, when the sound board 10 -has no enpty channel, the
host conputer 30 can synthesize nusical tones. As a result, the processing
capacity of the entire conputer nusic systemis inproved, which nmakes it
possible to efficiently synthesize i nes, and also to increase the
nunber of tone-generating channels!;i?iigszincrease t he nunmber of nusical
tones which can be sinultaneously generated. Besides, the CPU 2 in the host
conputer 30 can be used for other processing (parallel processing).
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Next, a second enbodi nent of the invention wll be described with reference
to Figs. 8 and 9. Fig. 8 shows the arrangenent of a conputer nusic
system according to the second enbodinment. In the figure, conponent parts
corresponding to those in Fig. 4 are designated by identical nunerals, and
description thereof is onmitted. The conputer nusic systemaccording to the
second enbodi nent is conprised of a host é@ﬁﬁﬁter 30, and a sound board 50
externally connected thereto, simlarly to the first enbodi nent, and

di stingui shed fromthe first enbodi ment in that the sound board 50 al so has
a wave table 51 which stores

1

=
< =
N\ '85
(] m,a).
oo} o '
leg
)
]
< ==
b~zﬂég OR
i
S =" Lz”§ I\lé
~ = OoFl E
o |F E
*® Ll
S 2 [P — G2
~  © © =4 o
& Tz - ] 0
=
28 *
e - o
D M~ N~
o
L::lQ légcz)
So R
Ok Lon
F <0O®N
0 o
o [ o
~
| E
O
@
>
L
X
I ——

\



16 waveform data indicative of wavefornms of nusical tones, and a program
menory 52 which stores a nusical tone- synthesizing program f-or

synt hesi zi ng nusi cal tone data, based on M DI data etc., by reading out
waveform data fromthe wave table 51, simlarly to the host conputer 30.
That is, the sound board 50 al so synt hesizes nusical tones by software,
simlarly to the host conputer 30. 11/Rg. 9 conceptually represents a
manner of synthesizing nusical tone data by nmeans of software, which is
enpl oyed by the conputer nusic systemaccording to the second enbodi nent.
In the host conputer 30, M DI data read fromthe hard disk 7 or the floppy

disk 8:is interpreted by a performanﬁltﬁzjl

(' maN ROUTINE )

A —)('340
EXECUTE INITIALIZATION |

A

| KEY-EVENT PRQCESSING

y_ _/f—S42
EXECUTE PROCESSING |
OF PANEL SW

- - _/[‘843
SYNTHESIZE MUSICAL TONE
BY WT TONE GENERATOR




processi ng section 60, and then.,transmtted to the sound board 50. On this
‘occasion, if required, at a WI tone generator section 61 of the host
conput er 30, waveformdata is read out fromthe wave table 21 by software,
based on the M DI data, to synthesize nusical tone data fromthe waveform
data. On the other hand, at a WI tone generator section 62 of the sound
board 50, waveformdata is read out fragy® waveformtable 51 by software,
based on the M DI data supplied fromthe host conmputer 30, and the nusi cal
tone data synthesized by the host conputer 30 and the nusical tone data
synt hesi zed by the sound board 50 are m xed together by a m xer 63 of the
sound board 50, to thereby generatgl?zﬁgg-zgzthe m xed nusi cal tone.

Normal |y, synthesi zation of mnusical &1 . carried out by the sound board
50. However, when no enpty channel is present in the sound board 50, the
synt hesi zation is carried out by the host conputer 30. As a result, an

| nprovenent in the capacity, such as an increase in the
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nunber of channel s,
in the second enbodlnent
ertbodi nent .

the second enbodi nent

-

is simlar
synt hesi zati on of nusi cal

can be easily attalned The ny
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MUSIC SYSTEM AND
ELECTRONIC MUSICAL INSTRUMENT

.

KGR OF THE T

Field of the Invention

T

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 mu51c system, wh1ch
is sometlmes generically called an electronlc mus1ca1

1nstrument P

of an FM (frequency mbdulation) tone genérator or a WT
(wave table) tone generator,

sounds.

is known, which reads out. automatic
performance data such as MIDI data stored in a flopﬁy

~ disk or a hard disk; and synthesizes musical tones
according to the automatic pefformance data, by the use

to thereby produce musical

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 keyvboard and a mouse 5,

a CRT 6, a hard disk 7,

interface 9.

a floppy disk 8, and an MIDI

The CPU 2 reads out performance data such as

REPLACEMENT SHEET‘
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executed at the step S21 in Fig. 6, is carried out ac
musi cal tone-synthesizing programstored in the progra
specifically, -an envel ope of the nusical tone is forne
data (velocity of key depression or key release) of th
address of the wave table 51 is determ ned for determ
data should be read out, based on a key code of the M Pl "’ _
wave table 51 is accessed based on the above determ ne address to“read
out correspondi ng wavef orm data. Then, the 7ead-out waveformdata rs
mul tiplied by tNéDénﬁetapéromothhehebé dyakh@sozethenfilopayedskn 8lat a

(nusi cal tone dghdkh are pro@&d@ﬁsﬁg'QﬁéeﬁﬁgiemeﬁGEQrﬂ?GﬂcéQ t&ﬁasecond

enbodi ment, the host conputer 30 _does not have a functjon of
control I'ing enptyaBREhLS & Su?eﬁﬁgﬁmﬁn?ﬁné?FBntht@?n?ﬁ%%@zbﬂ@F@v% cal
t ones by sof t wapecokdinhbeto thpreguan Pprodraf bes automation of

synthesi zi ng Mugl.63h1aRes B¥o§8£é¥ﬁ5ﬁﬂs£8r8hafﬁ Bﬂetggogram memory 3.
The ROM and RAM 4 store a program for starting the host
computer 1, and various kinds of data used and/or
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 sound 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 processing) stored in the program memory
12. ’ '

.

pased on veloc t

[ \H/Ig I@v\? | g?v\gggg D?

Fig. 2 shows the arrangement of another example
of the conventional computer music system. In the
figure, 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 waveform data indicative of waveforms of musical
tones, and a D/A converter 15. The system of Fig. 2



tone generator LS (hardmare) enpl oyed i.n the first enbodlnent
when the sound board 50 has no enpty channel, the hgst=TTHE
synt hesi ze nusi cal tones.. AS a result, the whol e pr O St R ¥
conmputer music systemis inproved, whi ch makes it p 5§ Bl e to eff*c;e‘
synt hesi ze nusical tones, and also to increase the nhug qygyﬁﬁﬁ@ﬁ |
generating channel s and hence i ncrease the nunber ofijdlsi cal tone .f ;
can be simultaneously generated. Next, a third* TTent of th
i nvention will be described with referenceto Fi gs. 1 Oto 12

synthesizes and generates musical tones™By 1tself 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
genérate 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 génerating 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 81,
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 82, 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 proce331ng 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 question of the
step S2 is affirmative (YES), and then the program
proceeds to a step S3. At the step S3, a key code of
the MIDI data 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



10 shows the arrangenent of an el ectronic nusical instrunent accordlng

to the third enbodi nent. The el ectronic nusical instrumﬁim ¥
a ‘keyboard 70, a touch detector 71, a panel switch/di s

program ROM 73, a waveform ROM 74, a CPU 75, a sequentifal RAM 77, & Ton !

gener at or

The keyboard 70 has a plurality of black keys and a plprgality o

to which the touch detector 71 is connected. TheftoU #

detects t he key- ON OFF states and vel ocity 4of depreSSIQH—QL~LE%SE%;%;Q%T

78, an adder 79, a D/A converter 80, andjajsq@g ¢EPy@g m 7

ach

and suppl iessigjmgmatts ohdilbatdhenmdl t Tthes giroed ava pretcedst te
The panel swi tcly gl spj a%REd 1P b 2dve 1BPP IS LA 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 S6, the wave table 21 is
accessed based on the above determined address, to read
out corresponding waveform data. At a step 87, 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 81. On the other hand if
the automatic performance 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 (schematic)
manner. However, the prbcedure 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 completed.

In the conventional computer music system of
Fig. 1, which is compriséd of the host computer 1 and
the sound board 10, all the functions relating to
synthesization of musical tones are performed by the



swi tches for selecting performance-operating nodes and tone colors of
performance, and a display for displaying various kinds of= :

The program ROM 73 stores prograns, such as a nusical tongusy
program accordi ng to which various conponent parts are ¢

waveform ROM 74 stores waveform data, which are read out

’"ié*‘t_
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nfro Ied The

the CPU 75 to

performance data (M DI data), which are to be synthesized:

nusi cal tones,
i nformation (k
detector 71 an
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ngmts

f r=gener at 1 on of
to the tone generator LSI 78, according tojvarious, kinds—of

synt hesi ze nusi cal tone data. The CPU 75 tr

S6uRRdBoakY 16l OTherbibee, 2Ad vabachty) ofr o the touch

d infornmation on settings by t panel smﬁtcher 72. Further,

the CPU 75 rea8¥PBesSigdBEorHSaSRa FPBﬁFPh§uﬁ&véﬁoFH?RENW?3rb9fUEPHB t he
sequenti al RAMgénezaditgpphafnelbe ieadeteiminedl biynchet @apacibg adder 79,

according to. t
ROM 73. In the
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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 Eomputer music
systeém 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,

merely a simple musical tone-synthesizing algorithm can
be employed, resulting'in degraded quality of sounds
generated, compared with the quality of sounds
generated by a system employing an exclusive sound
board.

F _THE INVENTION

It is the object of the invention to provide a

-

computer music system and an electronic musical



functiron of synthesizing nusical tones according to the =<‘JI%F
19 above-nentioned nusical tone-synthesizing programis repreasent =
(wave table) tone generator 76. The tone generator LSI |78 V\ﬁnerates
wavef orm data, based on the M DI data supplied fromthe CPU 75,

supplied to the adder 79. Whet her waveform data indicative of wavef orm of
tone is to o

a nusi cal

REST ACEMENT SHER
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6
instrument which afford easily 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
predeterﬁined timing, and a second musical tone-
synthesizing device_that synthesizes musical tbnes.
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-synéhesizing
device to the subsystem, as the external musical tones.

‘Preferably, the second musical tone-synthesizing
device synthesizes 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 advantageouslj, 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



be synthesized by the W' tone generator 76 or by the t @@ gﬁgﬁkﬁH@EoHEET?S

depends on the presence/ absence of an enpty channel in le—-gerrerato

LSI 78. That is, if the tone generator LSI 78 has no e ty channel

wavef or m dat a is generated by the WI generator (softwarie) ﬁﬁ%er %9
adds (m xes) together waveformdata fromthe tone gener tor LSI 78 and

waveform data fromthe WI tone generator 76 and supplie the m xed mavefdrm
data to the DA converter 80. The D/ A converter 80 convetLisS.the—ri-xed
wavef orm data to an anal og signal and supplies the sane to the sound system

81. The sound ééﬁi@@&ldl&é%éﬁ&%@élé@laﬂ&ﬁéiéﬁﬁt}%@lﬁl@@é&ﬁce nei t her
of which is shown,. and converts.the an nal to mu ? tone to
generate nusi cBYPERGRYZE musical; tones | %ﬁ gr§$ﬁﬁfiﬁ%@ @hg TRt

synt hesi zi ng nuhanattennsslescordlng to the third enbodi nent. First,

at a step S40 in Fig. 71 attQih! BhLZ8LAhEobFUEL, 3EnE! FALAORE OInVail AU

regi sters used for giv 3
also prov1 es an electronic music instrument comprising

a performance data-processing device that controls
performance data indicative of musical 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.

BRIE E. IPTT OF THE DRAWINGS

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

Fig. 2 is a bloék diagram schematically showing



performance, is executed. Then, at a step S41, key-
executed. In the key-event processing, when a key is;j
of* a correspondlng key code to a channel is carried gut~t

£-06eSEi-Ng—-i-5

E mwmétﬁﬁ

,.

whet her a nusi cal "tone corresponding to the key is tQ i‘%gﬁ 1 he
tone generator LSI 78 or by the WI tone generator 76n Si

rel eased, generation of a corresponding nusical tone: EI ase
the channel to which the nusical tone is assi gned. nta|ls of the key-gvent
processing will be 8 s

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 flowchart showing a main routine for
synthesizing musical tones, accordlng to the first
embodiment; _ '

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

Fig. 8 is a block diagram schematically.showing
the arrangément 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 éynthesizing'musical tones according to the second
embodiment;

Fig. 10 is a block. diagram schematically showing
thé 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 proéessing.

DETAILED DESCRIPTION

The invention will now be described in detail
with reference to the drawings showing embodiments



20 described hereinafter. |If assignnent of a correspondi ng 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 JErset

panel swtches 72, dellvery of data to the display sectloﬁﬁﬁf

carried out. Then, at a step $43, nusical tone data is sy
W' tone generator 76 by the use of the waveform ROM 74, ajf
musi cal tone-synthesizing programstored in the program R
code is not assigned to a channel on the W tone generat
step $41, nusigéréene data is not synthesized by t he WI

Then, the progran1ret$| s tp the, step $41, ﬁﬁg e steps SAT T0<S4S=a .
repeat edl y execut ed, TOFERERBYEETAY HERi BT mii d e??nk?data and carry T out

aut omat i ¢ per fschematejcadbbediblustmated 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
omitted. The computer music system according to the
first embodiment is comprised of a host computer 30,
and a sound board 10 externally connected thereto. Aas
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 réading 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 wéveform 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




synt hesi zed musi cal tone data. Then, the key- ev'ggygggwagg““éﬂfk?

outlined above will be described with reference to as
Fig. 12. First, at a step S50, it is determn ned whether
been depressed, i.e. a key-on event has occurred. If a ke

occurred, the answer .is affirmative (YES), and then the
a step S51. At the step S51, it is determ ned whether of not the tone
generator LSI 78 has an enpty channel. |If the tone gene '
enpty channel, the answer is affirmative (YBS), and then the program

proceeds to a saeprdi@ﬁamﬁétcbhedsixera&@q @d(eaemom ( KDermf nmrsﬁdiapressed

key is assigned%égetggtgny nneﬁ J%F%e %per%%grét 78 and t hen

at -a step S53 e assi anne are stored,
and then the pr@‘gﬁhﬁ@letimﬁsdweatmmwz@tbmélhﬁ sgund boarido(Llowre by

executing the sheRe®4€ogether, &4 !dce Ghieda Maldicdll ddife lqta generator LS|
has 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 therefdfe 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 concéptually 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 perfo:mance data—pfocessing 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 generator 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 sound of the mixed musical tone.
Normally, synthesization of musical tones is carried
out by the sound board 10. However, when no empty



21 no- enpty channel,

the answer to the question of the sfpa Sht.is:, mgg'}ﬂye

(NO), and then the progranlproceeds to a step S54, wher ej¥ de‘wshﬁéf
whet her or not the WI tone generator 76 has an enpty ch . If the WI;
tone generator 76 has an enpty channel, the answer to th? ueﬁ5$ﬁﬁ‘ﬁ@7tﬁ

step S54 is affirmative (YES),

and then t he progran1procfe stoa

11 :
channel is present in the sound board 10, the
synthesization is carried out by the host computer 30.
As a result, an improvement in the capacity.
increase in the number of channels,
attained.

such as an

can be easily

As shown in Fig. 5, according to the first
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 tone

data can be assigned.

embodiment,

Next, the operation of the computer music system .
accordlng 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, performance data such as MIDI data stored
in the hard disk 7 or the floppy disk 8 is read out and
‘interpreted. Then, at a step S11, it is determined
whether or not the MIDTI data is key-ON data or key-OFF
data. If the MIDI data is neithér key-ON data nor key-
OFF data, the answer is negative (NO), and then the
program proceeds to a step, not shown, for-exécuting 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 qguestion of the
step S11 is affirmative (YES), and then the program
proceeds to a step S12, wherein a key code of the MIDI
data is assigned to a tone-generating channel for
generating a musical tone. In this channel aésignment
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,
no empty channel in the sound board 10, the key code is
assigned to an empty channel in the host computer 30.

if there is



step S55, wherein the key code (KC) of the depressed gkey—ts—assignedtn the
REPLACHNESG SoRET

programreturns to the main routine of Fig. 11, fol
key code of a depressed key is assigned to the enpty! channel in the iEne
generator 76. 'dbéHJ%HédMﬂé¥%%ﬁ§Ee£9 ty is given to the tone generator LS
sof tware on thedl dsyiyERIRY JOhy IRy data tocOa thandkheinheAd, nbket he W

data to a channel in the host computer 30 has not been

negative (NO), and then the program proceeds to a step

Then, it is determined at a step 816 whether or not the

then the program returns to the step 510. Thus, the

to the sound board 10.

been received from the host computer 30. If MIDI data

a step 821. At the step 821, musical tone data is

data synthesized by the host computer 30 has been

by the tone generator LSI 14 are mixed together. At a

enpty channel in the W tone generator 76. Then, at ( ;
assi gned channel (ch) and the key code (KC) are storddfand tThen the:

d e g7 ng the
step $42. As descri bed above, according to th ey@§ ocegzg’ ng;’of t he
present enbodinment, if the tone generator LSI 78 hasija et
generator LSl 78, whereas if the tone genet&tor LS Has~To &nmpty
channel , the k®etzddss icsf adsd ghathnied aissdgPimenthamoeessingheiW bane
78 which synthesizes misical ‘tones by hardware, and when all the channels
in the tone generator Then.7@ta@e s¢epuSildd, itudisc fletesmdnedr whephereerzed by
tone generator 76 .

_ computer 30 has been made. If assignment of the key
made, i.e. if assignment of the key data to a channel
in the sound board 10 has been made, the answer is-
S14. At the step S14, the MIDI data is transmitted via
the communication interface 13 to the sound board 10.
automatic performance is to be terminated. If it is
not to be terminated, the answer is. neédative (NO), and
steps 510 to S16 are repeatedly executed. 1In this
manner, normally MIDI data are sequentially transmitted

On the other hand, in the sound board 10, it is
determined at a step 520 whether or not MIDI data has
has been received from the host computer 30, the answer
is affirmative (YES), and then the program proceeds to
synthesized based on the MIDI data by the tone
generator LSI 14. Then, at a step 822, if musical tone
transmitted to the sound board 10, the transmitted
musical tone data and the musical tone data synthesized
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



has no enpty channel, either, i.e. if the channels of the tone generator
78 and the WI' tone generator 76 are all occupied, the-answer: g' .
et iko

LSI

question of the step S54 is negative (NO), and then the|RERckGAVEN

not shown, wherein sounding of the nusical toneli§*rTNTOITEd, of
alternatively a nusical tone which is just decaying is ,tSpgggf%ﬁpﬁgy
to secure an enpty cannel to which is then ags e key
of the presently depressed key.

a step,

gener at ed,

13
in the sound board 10, the key data is ass%ﬁﬁga—fo a
channel in the host computer 30. 1In 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 synthesized 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. Moré 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, whereby 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 subfoutine
shown in Fig. 7.

At a step S30 in Fig. 7, it is determined by the
host computer 30 whether or not the read-out MIDI data
indicates a key-ON event. If it indicates a key-ON
event, the answer is affirmative (YES), and then the
program proceeds to a step S31. At the step 831, it is
determined whether or not an empty channel is present



22 . If the performance data does not indicate a kd ENT SRR
it indicates a key-off event, the answer to the questio ¥%E23£§%g’ - Fis

négative (NO, and then the program proceeds to a step §54. At the step
S56, the assignnent of the key code to the tone- generat{i jg @BdiRI9s |
cancel ed based on the key code (KC) and the channel (ch) qtored in the &AM
4, to release the channel fromthe assignnent. Then, thg programreturns {o
the main routine, followed by executing the step S42. As.described
above, the electronic nmusical instrunment adéording to the third enbodi nent
has both the fuimttive @dusd bdeasd ZiogHilsH cda 4 Gwdssvatdmiodvahe (tone
generator LSI 7 unct.iqn of thesi zin si_cal, A S

software (WI to‘ggem%ee% ;}ﬁ‘(‘)grlé;é}f&aeﬁ“d [ Ziyégotr%set rslzjoc rgidrﬂéﬁgﬁlaatlﬁa?‘%%ugg%/al t ones
are preferenti Mgty yeharneledhy anavene affirmative (YES), and

then the program proceeds to a step S32. At the step
S32, the key code (KC) vf 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 thé main routine of Fig.
6, followed by executing 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 S33, 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 occupied, the answer is

negative (NO). Then, the program proceeds to a step,
not shoﬁn, wherein sounding of the musical tone is
inhibited, or alternatively a musical tone which is
just decaying is stopped from being genefated, 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 questioh 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 the MIDI data does not indicate a key-ON



generator LSl 78, while only when the tone gener §&E: -0, enpty
channel , nusical tones are synthesized by the W {Hgh! _ 1,__ Q%bu3|ng
software. As a result, the whol e processing capa'ity of the elecfr

musi cal instrunent is inproved, which nakes it p’S'
synt hesi ze nusical tones, and also to increase t}
t one- generating channel.s and hence increase the |
whi ch can be sinultaneously generated. | njthe above described first
to third enbodi ments, when nusical tone- s}nthe3|2|ng means which is given
priority in sEweisi Ai % rfsithe MdHedata dnddced@snd ab&kevdOFfasvedtenpt y

Chanﬂel ot hertHEJ%rfs%}ert Q- tri%"&d&iil-;cim%ﬁmiéS,st%gﬂ 530 hestndym I Wleer I
of "toget her i OYPTh b aHEm MR RERFRAN (REORRFISL S aRRRP S (ARt he
two nusical tale shep 835 zithe ressigroEertatos mhepasrem Ic&ided:d ttate t he both
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 the number of musical tones which can be

- simultaneously generated. Besides, the CPU 2 in the
host computer 30 can be uséd for other processing
(parallel processing). -

"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 barts_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




23 neans al ways synthesi ze nusical tones. Further altern
arranged such that the two neans synthesize nusical tones
different characteristics, such as tone col ors. Th

applicability of the control by the electronic nusical i : ;
ot her hand, if the two neans j

16
waveform data indicative of waveforms of musical tones,
and a program memory 52 whiph 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 66, 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 generatér 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,
syhthesization 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 computer 30. As a result, an
improvement in the capacity, such as an increase in the
number of chaﬁnels, can be easily attained. The number
of channels employed in the second embodiment is



synt hesi ze nusi cal tones having respective different characterlstlcs
musi cal tones can be generated in different manners suifEEREe: o
diffferent characteristic thereof. Especi al ] y, if
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enable Tully eLbLL "8oL8C88ta in the sound board 10, which is
executed at the step S21 in Fig. 6, is carried out
according to the musical tone-synthesizing pfogram
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
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.
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.

d,



characteristics. Therefore, only when the sound board i Sy a,
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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 plurality 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-bperéting modes and
tone colors of performance, and a display for
digplaying 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 mhsidal 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
information on settings by the panel switcher 72.
Further, the CPU 75 reads out waveform data from the
waveform ROM 74 by using the sequential 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 Wr (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 tone generator 76 or by the
tone generator LST 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 comprised of
an amplifier and a speaker, neither of which is shown,
and converts the analog signal to a musical tone to
generate musical sound.

her eby

Figs. 11 and 12 show programs for synthesizing
musical tones agcording 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. In the key-event
processing, when a key is depressed, assignment of a
correspdnding 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 torie 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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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

X : 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 performance, 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. Pirst, at a step SSO, 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 theé program
proceeds to a step S51. At the step 951, 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 S52. At the step
S52, 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 S42. .

On the other hand, if the tone generator LSI has
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channel. If the WT tome generator 76 has an empty
channel, the answer to the guestion of the step S54 is
affirmative (YES), and then the program_proceeds to a .
step 855, 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. 1In
other words, priority is given to the tone generator
LSI 78 which synthesizes musical tones by hardware, and
when ali the channels in the tone generator LSI 78 are
occupied, musical tones are synthesized by software on
the WT tone generator side.

On the other,hand,'if the WT tone generator 76
has no empty channel, either, i.e. if the channels of
the tone generator LSI 78 and the WT tone generator 76
are all occupied, the answer to the qguestion of the
step S54 is negative (NO), and 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 cannel to which is then
assigned the key code of the presently depressed key.
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If the performance data does not indicate a key-

on event, i.e. it indicates a key-off event, the answer
to the guestion of the step S50 is negative (NO), and
then the program proceeds to a step S56. At the step
856, 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 S42. '

As described above, the electronic musical
instrument 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 preferentially 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 élso to increase the number of tone-generating
channels and hence increase the number of musical
sounds which can be simultaneously generated.

In the above described first to third
embédiments, 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 méans, e.g. a host computer, synthesizes
musical tones. However, this is not limitative. |
Alternatively or together with the above arrangement,
it may be arranged such that the two musical tone-
synthesizing means operate in parallel so that the both
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tones, based ogjg$gkfent 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
compliéatéd musical tone—syntheéizing algorithm may be
synthesized b& 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 sound board
is in a predetermined state, e.g. when no empty channel
is'present or when special musical tones are to be
generated, the other musical tone-synthesizing means,
e.g. a host computer, is operated to synthesize musical
tones.

As described above in detail, according to the
invention, a subsystem of the computer music system



performance data, when said first nusical tone- synthesizing device reaches
alimt of processing capacity thereof. 8. An electronic nusic
instrunent as claimed inin claim6 or 7, wherein said first musical tone-
synt hesi zi ng devi ce synt hesi zes nusi cal tones by hardware, and said second
nmusi cal tone-synthesizing device synthesizes nusical tones by software.

9.- An electronic nusic instrunent as clained in
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normally synthesizes musical tones, however, if first
musical tone-synthesizing means of the subsystem is in
a predetermined state, second musical tone-syﬁthesizing
means of a main system of the computer music system
synthesizes musical tomtes. 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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27 clmim6 or 7, wherein said first nusical tone- synthesizing device and
sai d second nusical tone- synthesizing device operate in parallel to

synt hesi ze nusi cal tones, based on said performance;
el ectronic nusic instrunment as clainmed in claim?9, mhe

musi cal tone- synthesizing device and said second mis !Gﬂi lﬂEBu“ “ lm
synt hesi zi ng devi ce synt hesi ze nusi cal tones haV|ng r erent
characteristics. 25

What is claimed isf

1. A music system comprising:

a subsystem including a first musical tone-
synthesizing device that synthesizes musical tones,
based on performance data exterhally 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 synthesizesimusical tones,
based on said pérformance data, when said first musical
tone-synthesizing device is in a predetermined state:;

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

2. A music system das claimed in claim 1,
wherein said second musical tone-synthesizing device
synthesizes musical tones, baséd on said performance
data, when said first musical toqersynthesizing device
reaches a limit of processing capacity thereof.

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

4. A music system as claimed in claim 1 or 2
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. N
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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. v . .

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 tlmlng,

a first musical tone- synthe8121ng device that
synthesizes musical tones, based on said performance
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 togéther said musical
tones synthesized by said first musical tone-
synthesizing device and said musical tones synthesized
by said second musical tone-synthesizing device; and

a soundlng 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-
synthesizing device synthesizes musical tones by
‘hardware, and said second musical tone-synthesizing
device synthesizes musical tones by software.

9. - An electronic music instrument as claimed in
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claim 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 electroric music instrument as claimed
in claim 9, wherein said first musical tone-
synthesizing device and said second musical tone-
synthesizing device synthesize musical tones having
respective differeﬂt characteristics.
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. MUSIC SYSTEM AND
ELECTRONIC MUSICAL INSTRUMENT

ABSTRACT OF THE DISCLOSURE

A music system ié'cdﬁpriSéd'éf:é subsystem ana"a'
main system. The subsystem incluaes a firsf musical
tone-synthesizing dev1de that synthe51zes musical
tones, based on performance data externally supplled
thereto,_and a mixing device that mixes together the
_mu51cal tones- synthesxzed by the first musical tone—
synthe3121ng device and external- -pusical. tones
-externally generated and supplled thereto. The main
system 1nc1udes 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—synthe3121ng device that synthesizes
musical tones, based on the. performance data, when the
first musical tone—synthe5121ng_dev1ce is in a
predetermined state. The main system transmits the
nmusical tones synthes1zed by the second musical tone-
synthe3121ng device ‘to the subsystem, as the external
musical tones.

Figure 12
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