
EP 0 206 786 B1 Description This invention relates to a tone signal
generation device and, more particularly, to a device capable of generating
a tone signal of a desired tone color by performing a tone generating
operation (computation) such as a frequency modulation operation and
amplitude modulation operation. More particularly, the invention relates to
a tone signal generation device in which a plurality of tone generation
channels are provided for enabling simultaneous sounding of plural tones
and which is capable of changing the maximum number of tones simultaneously
produced depending upon a tone or tones to be produced. A basic system for
generating a tone signal by using a frequency modulation (hereinafter
abbreviated 10  as FM) operation in the audio frequency range is disclosed
in the United States Patent No. 4,018,121. A basic system for generating a
tone signal by using an amplitude modulation (hereinafter abbreviated as
AM) operation in the audio frequency range is disclosed in Japanese Patent
Publication 29519/1983. Known also in the art is an electronic musical
instrument which includes a limited plural number of tone generation
channels and sounding of a tone for a depressd key is assigned to any of
the tone generation channels is  whereby different tones corresponding in
number to the number of the channels can be simultaneously produced (e.g.,
the United States Patent No. 3,882,751). It is also known to employ one of
the above described operation systems as a tone generation system in each
of such plurality of tone generation channels and sound plural tones
generated by such operation system simultaneously. In such prior art
electronic musical instrument, the number of tone generation channels is
fixed and it was not possible to change this number depending upon the
situation. US-A-4365532 describes an instrument according to the
precharacterising part of claim 1. In the tone generation system employing
the above described operation system, one or more basic operation units (or
operation channels) are used in one tone generation channel and operation
parameters in each operation unit are suitably selected to generate a tone
signal of a desired tone color. In this case, the 25  more the operaton
units used, the more various and complex tone color control one can
realize. Therefore, the number of the operation units per one tone
generation channel should preferably be large if the tone color or quality
of a tone to be achieved is important. Further, there is a case in which a
sufficient number of operation units are required depending upon the tone
color or performance mode selected. On the other hand, there is also a case
in which the number of the operation units per one tone generation channel
need 30  not be large whereas the number of tones which can be sounded
simultaneously should be large. For satisfying the former requirement, the
number of the operation channel per one tone generation channel must be
sufficiently large whereas for satisfying the latter requirement, the
number of the tone generation channels must be large. Therefore, there
arises the problem that it requires a large and costly device to satisfy
both these requirements. Although a plurality of operation units can be
realized by using a single 35  basic operation circuit on a time shared
basis, the increase in the operation unit number obliges increase in the
time division clock rate which results in rise in the manufacturing cost.
Further, aside from such problems, many unused operation units (operation
channels) will be wasted in such device having a large number of tone
generation channels and a large number of operation units when a tone color
or a performance mode which does not require a large number of operation
units per one tone generation 40 channel has been selected. It is,
therefore, an object of the present invention to provide a tone signal
generation device capable of generating plural tones simultaneously by the
operation type tone generation system, which utilizes a limited number of
operation channels (operation units) efficiently and without waste and
which changes the maximum number of tones sounded simultaneously as
desired. 45     For achieving the above described object, the tone signal
generation device of the present invention comprises tone generation
operation means including a predetermined number of operation channels for
tone signal computation and generating a tone signal by performing a
specific tone generation operation employing one or more of said operation
channels for one tone generation channel, wherein a plurality of said tone
generation channels are established thereby enabling generation of plural
tones, mode selection 50  means for selecting one mode from among a
plurality of mode, and channel establishing means for dividing said
operation channels into plural groups in a predetermined manner in
accordance with the mode selected by said mode selection means and
establishing said tone generation channels each constituted by each of the
operation channel groups, the number of said groups being different
depending upon the mode to change the number of the tone generation
channels in said tone generation operation means in 55  accordance with the
selected mode. The basic construction of this tone signal generation device
will be described with reference to Fig. 1. Tone generation operation means
10 includes operation channels OP1 - OPx of a specific number x. The
respective operation channels OP1 - OPx implement basic computing operation
of a predetermined tone 2  



EP 0 206 786 B1 generation operation. A tone signal is generated by
performing the predetermined tone generation operation employing one or
more operation channels OP1 - OPx for one tone generation channel. A
plurality of such tone generation channels employing one or more operation
channels OP1 - OPx are established by channel establishing means and
simultaneous generation of plural tones thereby is made possible. Channel 5
establishing means 11 establishes the tone generation channels in the tone
generation operation means 10 in different modes in accordance with a mode
(e.g., either a first mode or a second mode) selected by mode selection
means 12. In the first mode, the operation channels OP1 - OPx are divided
into N groups in a predetermined manner and N tone generation channels are
established in correspondence to the respective groups. In the second mode,
the operation channels OP1 - OPx are divided into M (N [err]M) 10  groups
in a predetermined manner and M tone generation channels are established in
correspondence to the respective groups. In this manner, the number of the
tone generation channels in the tone generation operation means 10 is
switched to N or M in accordance with the selected mode. The number of mode
is not limited to two. Thus, the operation channels OP1 -OPx of a specific
number x are divided into N or M groups 15 depending upon the mode (the
number of the operation channels within a group is not necessarily equal
among the groups) and tone generation channels are established acording to
these groups. Accordingly, the number of the tone generation channels can
be changed so that the maximum number of tones which can be sounded
simultaneously can be suitably changed by changing the mode. In a case
where a tone of a high quality is to be obtained or a complex tone color
control is to be performed, i.e., where a relatively 20 large number of
operation channels need to be used for one tone generation channel, the
grouping of the operation channels is established to serve for this purpose
and the mode is changed to one in which the number of the tone generation
channels is relatively decreased. Conversely, in a case where a relatively
simple tone color control is to be performed or the number of the tone
generation channels is to be relatively increased, i.e., where the number
of the operation channels used for one tone generation channel 25 can be
relatively small, the grouping of the operation channel is established to
serve for this purpose and the mode is changed to one in which the number
of the tone generation channels is relatively increased. In this manner,
the operation channels of a limited number can be utilized efficiently and
without waste so as to increase or decrease the maximum number of tories to
be sounded simultaneously as desired whereby the two requirements of the
improvement in the tone quality and the increase in the number of tones to
be 30 sounded simultaneously can be selectively realized by using a device
of a limited construction. For example, the channel establishing means 11
includes to tone assigner means 11 a and parameter supply means 11 b as
shown by dotted lines in Fig. 1. The tone assigner means 11 a assigns a
tone to be generated to N or M tone generation channels established in
accordance with the mode selected by the mode selection means 12. In other
words, the number of the tone generation channels which are subjected 35
to the assignment by the tone assigner means 11a increases or decreases
depending upon the mode. Information representing the tone pitches of tones
which have been assigned to the respective tone generation channels is
supplied to the tone generation operation means 10 in accordance with
operation channel groups corresponding to the tone generation channels. The
parameter supply means 11 b supplies operation parameters for respective
operation channels in the N or M tone generation channels established 40
in accordance with the selected mode. The tone generation operation means
10 establishes operation algorithms and operation coefficients in response
to operation parameters supplied to the respective operation channels and,
in accordance with these operation algorithms and operation coefficients
and also with the information representing the tone pitches of the tones
assigned to the respective tone generation channels, performs the tone
generation operation (computation) and generates tone signals from the 45
respective tone generation channels. An embodiment of the invention will
now be described in detail with reference to the accompanying drawings. In
the accompanying drawings, Fig. 1 is a functional block diagram showing the
basic organization of the invention; 50    Fig. 2 is a block diagram
showing hardware construction of an electronic musical instrument
incorporat- ing an embodiment of the invention; Fig. 3 is an example of
establishing channels in each of two modes in the embodiment of Fig. 2;
Fig. 4 is a diagram showing an example of construction of the memory in the
data and working RAM shown in Fig. 2; 55    Fig. 5 is a flow chart
schematically showing an example of main routine of a program executed by a
microcomputer unit in Fig. 2; Fig. 6 is a flow chart showing an example of
panel scanning subroutine executed in the panel operator 



scanning processing of Fig. 5; 3    EP 0 206 786 B1 Fig. 7 is a flow chart
showing an example of key scanning, subroutine executed in the key scanning
processing of Fig. 5; Fig. 8 is a block diagram showing an example of
interface in the embodiment of Fig. 2; Fig. 9 is a time chart showing an
example of relationship between time division time slots corresponding 5
to thirty-two operation channels and tone generation channels during a
normal mode and an ABC mode corresponding to the respective time slots and
also showing an example of timing signal; Fig. 10 is a block diagram
showing an example of internal construction of a tone generator in the
embodiment of Fig. 2; Fig. 11 is a time chart showing an example of
operation of the circuit of Fig. 10; and 10    Fig. 12 is a schematic block
diagram showing an example of manner of connection of operation channels in
one tone generation channel. Fig. 2 is a block diagram schematically
showing a hardware construction, i.e., an electrical circuitry, of a
keyboard type electronic musical instrument which is an embodiment of the
tone signal generation device according to the invention. In this
embodiment, a tone generator 13 correspondts to the above described 15 tone
generation operation means 10. In the example shown, the tone generator 13
comprises an FM basic operation circuit 13a. Operation channels of a
specific number x (in the present embodiment, x is assumed to be 32) are
provided in the form of time division time slots by using this FM basic
operation circuit 13a on a time shared basis. For distinguishing the
operation channels from the tone generation channels, the operation
channels will be referred to as "operation time slots" or "operation slots"
in the following description and the term "channel" will be used to
designate the tone generation channels unless particularly specified. This
electronic musical instrument comprises a microcomputer section COM
including a CPU (central processing unit) 14, a program ROM (read-only
memory) 15 and a data and working RAM (random-access memory) 16. A key
switch circuit 17 consisting of keys in the keyboard, a panel operation
switch section 18 25  and a voice parameter memory 19 are connected to the
microcomputer section COM through a bus 20. The tone generator 13 is
connected also to the microcomputer section COM through an interface 21 and
the bus 20. By controlling this microcomputer section COM, key switches in
the key switch circuit 17 are scanned, depression or release of keys are
thereby detected and a processing for assigning generation of the tone of
the depressed key to any of a plurality of tone generation channels is
effected. Further, by controlling the 30  microcomputer section COM,
operation states of various switches and operation knobs in the panel
operation switch section 18 are scanned and processings according to
results of the scanning (including a processing corresponding to the
channel, establishing means 11 in Fig. 1) are executed. The panel operation
switch section 18 comprises an automatic bass/chord performance
(hereinafter sometimes referred to as ABC) selection switch 22, a melody
tone color selection switch 23, a chord tone 35  color selection switch 24,
a bass tone color selection switch 25 and various other switches
controlling tone color, tone level and tonal effects, and display means
associated to these switches. The ABC selection switch 22 corresponds to
the mode selection means 12. When the automatic bass/chord performance is
not selected by this switch 22, the mode of the device is the first mode
(referred also to as "normal mode") and when the automatic bass/chord
performance is selected by the switch 22, the mode is the second mode 40
(referrd also to as "ABC mode"). The tone color selection switches 23, 24
and 25 are provided for respectively selecting tone colors for playing
melody. In the present embodiment, the keyboard is constructed as a
single-stage keyboard. In the normal mode, all keys are used for playing
melody whereas in the ABC mode, a key range on the higher side of a
predetermined key is used as a melody key range and a key range on the
lower side of the predetermined 45 key as an accompaniment key range. In
the normal mode, a tone corresponding to a key depressed in the keyboard is
generated with a melody imparted thereto in accordance with the key
depressing operation. In the ABC mode, a tone corresponding to a key
depressed in the melody key range is generated with a melody imparted
thereto in accordance with the key depressing operation while a bass tone
and a chord tone are formed in accordance with a key depressed in the
accompaniment key range, and the tone thus so  imparted with the bass tone
and the chord tone is generated in accordance with the automatic tone
generation timing. The voice parameter memory 19 consists, for example, of
a ROM and stores parameters (hereinafter referred to as voice parameters)
necessary for producing various tone colors selectable by the tone color
selection switches 23 - 25 in correspondence to these tone colors. Voice
parameters corresponding to the 



55  tone colors selcted by the respective switches 23 - 25 are read out
from this voice parameter memory 19. The read out voice parameters are
supplied to the tone generator 13 as a part of the operation parameter.
Fig. 3 shows an example of channel establishment in each mode. Contents of
the channel establish- ment are programmed by the microcomputer section COM
so as to become those shown in Fig. 3 in 4    EP 0 206 786 B1 accordance
with the mode selected. In the normal mode, the thirty-two operation
channel, i.e., operation time slots, are divided into eight groups each
consisting of four and eight tone generation channels CH1 - CH8 are
provided for the eight groups. An arrangement is made so that a tone signal
will be generated with a melody tone color common through all of the eight
tone generation channels. In the ABC mode, six tone 5    generation
channels CH1 - CH6 are provided in correspondence to six groups each
consisting of four operation channels and four tone generation channels CH7
- CH10 are provided in correspondence to four groups each consisting of two
operation channels. In this case, five tone generation channels CH1 - CH5
are used for generating the melody tone color and four tone generation
channels CH7 - CH10 are used for generating the chord tone color. In the
foregoing manner, eight tone generation channels are used in the 10  normal
mode whereas ten tone generation channels are used in the ABC mode.
Alternatively stated, the groups for the tone generation channels CH7 and
CH8 each consisting of four operation channels are respectively divided
into two groups each consisting of two operation channels and four tone
generation channels CH7 - CH10 are provided in correspondence to the four
groups each consisting of two operation channels. 15    In accordance with
difference in the contents of channel establishment dealing upon the mode,
contents of the key assigning processings in the microcomputer section COM
becomes different depending upon the mode and the manner of supplying of
the voice parameter becomes also different depending upon the mode. Data
and voice parameters corresponding to the tone pitches of tones assigned to
the tone generation channels CH1 - CH8 or CH1 - CH10 which vary depending
upon the mode are supplied from the 20  microcomputer section COM to the
tone generator 13 through the interface 21. The tone generator 13 performs
an eight-channel type or ten-channel type tone generation operation in
accordance with the data supplied from the microcomputer section COM. The
generated tone signal is supplied to a sound system 26. Fig. 4 shows an
example of memory construction of the data and working RAM 16. An ABC
register 25 stores a signal indicating whether the mode is the ABC mode or
not. When this signal is "1", the mode is the ABC mode and when the signal
is "0", the mode is the normal mode. Contents of this ABC register are
switched by operation of the ABC selection switch 22. A UKTC register
stores data (melody tone color code UKTC) representing a melody tone color
selected by the melody tone color selection switch 23. An LKTC register
stores data (chord tone color code LKTC) representing a chord tone color
selected by the chord 30 tone color selection switch 24. A PKTC register
stores data (bass tone color code PKTC) representing a bass tone color
selected by the bass tone color selection switch 25. An LKKC memory stores
a key code of a key depressed in the accompaniment key range (accompaniment
key range code LKKC). A normal mode key assignment memory 27 stores a key
code KC and a key-on signal KON of a key which has been assigned to one of
the tone generation channels CH1 - CH8 for the melody tone color in the
normal mode. 35  An ABC mode key assignment memory 28 stores a key code KC
and a key-on signal KON of a key which has been assigned to one of the tone
generation channels CH1 - CH5 for the melody tone color in the ABC mode. An
example of the program executed by the microcomputer section COM will now
be described. Fig. 5 schematically shows the main routine of the program.
In "panel operation switches scanning 40  processing", respective switches
in the panel operation switch section 18 are scanned and a predetermined
processing is executed in accordance with results of the scanning. In this
processing, a panel scanning subroutine PSUB as shown in Fig. 6 is
executed. In "key scanning processing", respective keys in the key switch
circuit 17 are scanned and thereupon a processing for assigning keys to the
tone generation channels for the melody tone color is executed. In this
processing, a key scanning subroutine KSUB as 45 shown in Fig. 7 is
executed. Nextly, in step 29, whether contents of the ABC register are "1"
(i.e., the ABC mode) or not is examined. If the result is NO, the
processing returns to "panel operation switches scanning processing"
whereas if the result is YES, the processing proceeds to step 30. In step
30, a key code KC of an automatic bass tone and a key code KC of an
automatic chord tone are produced in accordance with the key code KC of the
depressed key. The key code KC of the automatic bass tone is assigned to
the tone so generation channel CH6 for the automatic bass tone and the key
code KC of the automatic chord tone is assigned to the tone generation
channels CH7 - C1410 for the automatic chord tones. The key code KC 



assigned to the respective channels CH6 - CH10 are delivered out with the
key-on signal KON and supplied to the tone generator 13 through the
interface 21. In this case, the key code KC is delivered out after being
converted to corresponding pitch data PD. The pitch data PD is numerical
data corresponding to a tone 55 pitch frequency known as the frequency
number. The key-on signal KON should preferably be turned to "1" in
accordance with the tone generation timing of the automatic bass tone and
the automatic chord tone. The panel scanning subroutine will be described
with reference to Fig. 6. In the first step 31, whether there has been an
ON event in the ABC selection switch 22 or not is examined. If the result
is YES, the    EP 0 206 786 B1 contents of the ABC register are inverted
(step 32). In step 33, whether the contents of the ABC register are "1"
(i.e., the ABC mode has been selected) or not is examined. If the result is
NO, i.e., the mode is the normal mode, the processing proceeds to step 34
in which voice parameters of a melody tone color are provided in
correspondence to the channels CH1 - CH8 in the normal mode. More
specifically, voice 5 parameters are read out from the voice parameter
memory 19 in accordance with the melody tone color code stored in the UKTC
register and these voice parameters are delivered out in correspondence to
the respective channels CH1 - CH8 or the four operation channels of the
respective channels CH1 - CH8. In next step 35, contents of assignment (the
key code KC and the key-on signal KON) of the respective channels CH1 - CH8
stored in the nomal mode key assignment memory 27 are delivered out. In
this case 10  also, the key code KC is delivered out after being converted
to corresponding pitch data PD. In next step 36, a signal "O" is delivered
out as an ABC mode signal ABCM. The voice parameters, pitch data PD, key-
on signal KON and ABC mode signal ABCM delivered out in steps 34, 35 and 36
are supplied to the tone generator 13 through the interface 21. The route
of step 34 through 36 is taken when the mode has been changed from the ABC
mode to the normal mode (i.e., step 31 is YES and step 33 is NO). In this
case, the 15 state of channel setting changes as a result of the switching
of the mode so that the state of tone generation in the tone generator 13
must also be changed. For this purpose, the processings of steps 34 - 36
are executed for supplying necessary data in the normal mode to the tone
generator 13. When the mode has been switched from the normal mode to the
ABC mode, contents of the ABC register are "1" and the processing proceeds
from YES in step 33 to step 37. In step 37, the voice parameter of the bass
tone color is delivered out in correspondence to the channel CH6 in the ABC
mode and the voice parameters of the chord tone color are delivered out in
correspondence to the channels CH7 - CH10 in the ABC mode. More
specifically, voice parameters are read out from the voice parameter memory
19 in accordance with the chord tone color code stored in the LKTC register
and are delivered out in correspondence to the respective channels CH1 -
CH10 or the two operation channels of the channels CH1 25 - CH10. Likewise,
voice parameters are read out from the voice parameter memory 19 in
accordance with the bass tone color code stored in the PKTC register and
are delivered out in correspondence to the channel CH6 or the four
operation channels of this channel. The voice parameters of the melody tone
color are not delivered out in correspondence to the channels, CH1 - CH5
because these channels CH1 - CH5 are for the same melody tone color in the
ABC mode as in the normal mode so that no change is required. 30    In next
step 38, contents assigned to the melody tone color channels CH1 - CH5 in
the ABC mode stored in the ABC mode assignment memory 28 (the key code KC
and the key-on signal KON) are delivered out. In this case also, the key
code KC is delivered out after being converted to pitch data PD. The
contents assigned to the channels CH16 - CH10 for the automatic bass/chord
performance are not delivered out because these contents are delivered out
in step 30 (Fig. 5) of the main routine. In next step 35 39, a signal "1 "
is delivered out as the ABC mode signal ABCM. Data delivered out in steps
37 - 39 are supplied to the tone generator 13 through the interface 21 in
the same manner as described previously. These steps 37 - 39 are executed
when the mode has been switched from the normal mode to the ABC mode (i.e.,
when step 31 is YES and step 33 is NO) because, for the same reason as was
previously described, the state of channel setting changes with the
switching of 40 the mode so that the state of tone generation in the tone
generator 13 must also be changed. In a case where an ON event of the ABC
selection switch is not detected, step 31 is NO and the processing advances
to step 40 skipping over the above described steps 32 - 39. In step 40,
whether the tone color selection states in the tone color selection
switches 23 - 25 have been changed or not is examined. If the result is
YES, the processing proceeds to step 41 in which 45 contents of the tone
color code registers (UKTC, LKTC and PKTC) corresponding to the switches 23
- 25 in which the tone color selection state have been changed are
rewritten. In step 42, whether contents of the ABC register is "1" or not
is examined. If the result is NO, the processing proceeds to step 43 in
which whether the tone color which has changed are the melody tone color or
not is examined. In the normal mode, no tone color but the melody tone
color is used so that the processing jumps to step 45 passing NO 



50 of step 43. if the melody tone color has changed, the processing
proceeds to step 44 in which voice parameters of new melody tone color
after the change are delivered out in correspondence to the respective
channels CH1 - CH8 in the normal mode. In this step, delivery of the voice
parameters is effected in the same manner as in the processing in step 34.
In the ABC mode, step 42 is YES and the processing proceeds to step 46. In
this step 42, it is 55  examined which of the melody tone color, bass tone
color and chord tone color is the tone color which has changed this time.
If the melody tone color has changed, voice parameters of the new melody
tone color after the change are delivered out in correspondence to the
melody tone color channels CH1 - CH5 in the ABC mode (step 47). If the bass
tone color has changed, voice parameter of the new bass tone color after 6
EP 0 206 786 B1 the change is delivered out in correspondence to the bass
tone color channel CH6 in the ABC mode (step 48). If the chord tone color
has changed, voice parameters of the chord tone color are delivered out in
correspondence to the chord tone color channels CH7 - CH10 in the ABC mode
(step 49). The voice parameters delivered out in steps 44 and 47 - 49 are
supplied to the tone generator 13 through the interface 5  21. Lastly, in
step 45, change (event) in the operation states of other switches and
operation knobs (e.g., tone level operation knob, effect selection switch
and rhythm selection switch) in the panel operation switch section is
detected and data responsive to the detection is supplied to the tone
generator 13 through the interface 21. In a case where events in plural
ones of the tone color selection switches 23 - 25 have 10 simultaneously
been detected, the processings in steps 41 - 49 are repeatedly executed.
The key scanning subroutine KSUB will be described with reference to Fig.
7. In step 50, whether there has been a new key-on event (i.e., depression
of a new key) or not is examined. If the result is YES, a new key-on event
processing consisting of steps 51 - 57 is executed. Upon completion of the
new key-on event processing or in case there has been no new key-on event,
the processing proceeds to step 58. In step 58, 15 whether there has been a
new key-off event (i.e., new release of a depressed key) or not is
examined. if the result is YES, a new key-off event processing consisting
of steps 59 - 65 is executed. In the new key-off event processing, a normal
mode key assignment processing is performed in step 51. This processing is
one in which a newly depressed key is assigned to any of the eight tone
generation channels CH1 - CH8. Upon determination of a channel to which the
new key is to be depressed, the key 20 code KC and the key-on signal KON
concerning the newly depressed key are stored in the normal mode key
assignment memory 27 in correspondence to this channel. In next step 52,
whether the newly depressed key belongs to the melody key range or not is
examined. If the result is YES, the processing proceeds to step 53 in which
an ABC mode key assignment processing is effected. This is a processing in
which a newly depressed key in the melody key range is assigned to any of
the five tone generation 26 channels CH1 - CH5 for the melody tone color in
the ABC mode. Upon determination of a channel to which the newly depressed
key is to be assigned, the key code KG and the key-on signal KON concerning
the newly depressed key are stored in the ABC mode assignment memory 28 in
correspondence to this channel. In step 54, whether the mode is ABC mode or
not is examined. If the result is NO (i.e., normal mode), 30 the processing
proceeds to step 55 in which the key code KC and the key-on signal KON of
the newly depressed key are delivered out in correspondence to the channel
assigned in step 51. If the result is YES (i.e., ABC mode), the processing
proceeds to step 56 in which the key code KC and the key-on signal KON of
the newly depressed key are delivered out in correspondence to the channel
assgned in step 53. In the same manner as was previously described, the key
code KC is delivered out in steps 55 and 56 after being 35 converted' to
pitch data PD. The contents of the delivered out key-on signal KON are "1"
indicating depression of the key. Alternatively, steps 55 and 56 may be
executed only when there has been change in the contents of the key
assignment as a result of the key assignment processing in steps 51 and 53.
For example, even when there has been a new key-on event, it will occur
that the newly depressed key is not assigned to any of the tone generation
channels depending upon the conditions of assignment in steps 51 40 and 53.
In such a case, steps 55 and 56 need not be executed. If the newly
depressed key belongs to the accompaniment key range, step 52 is NO and the
processing proceeds to step 57. In this step, the key code KC of the newly
depressed key is stored in an LKKC memory. The LKKC memory can store a
plurality of key codes. In response to the key code KC of the accompaniment
key range, the processing in step 30 is executed. Instead of storing an
unlimited number of 45 key codes KC of the depressed keys in the LKKC
memory, a prdetermined number of key codes KG only may be stored in a
predetermined priority order. 



The flow of processings of steps 59 - 65 in the new key-off event
processing is the same as that of steps 51 - 57 in the new key-on event
processing and the judgements made in steps 60 and 62 are the same as those
made in steps 52 and 54. However, processings in steps 59, 61, 63, 64 and
65 are 50 somewhat different from those in corresponding steps 51, 53, 55,
56 and 57. In step 59, the channel to which the key of the new key-off
event is assigned is detected from among the channels CH1 - CH8 for the
normal mode whereupon contents of the key-on signal KON concerning this
channel stored in the normal mode assignment memory 27 are cleared to "O".
In step 61, the channel to which the key of the new key- off event is
assigned is detected from among the channels CH1 - CH5 for the melody tone
color in the ABC 55  mode whereupon contents of the key-on signal KON
concerning this channel stored in the ABC mode assignment memory 28 are
cleared to "0". In steps 63 and 64, the key-on signal "0" is produced for
the channels in which the key-on signal KON has been cleared to "0" in the
preceding steps 59 and 61 (i.e., the channel to which the newly released
key has been assigned). In step 65, the key code KC of the key 7    EP 0
206 786 B1 concerning the new key-off event is cleared in the LKKC memory.
Referring now to Fig. 8, an example of the interface 21 will be described.
The interface 21 comprises memories 66 - 75 which store various data
supplied from the microcom- puter section COM through the bus 20 and output
the stored data at timings corresponding to time division 5   timings of
the respective operation channels in the tone generator 13. The memories 69
- 72 which need to store data separately for each of thirty-two operation
channels respectively have thirty-two memory positions (addresses). The
memories 67, 68, 73 and 74 which need to store data separately for each of
eight (or ten) operation channels CH1 - CH8 (or CH1 - CH10) respectively
have eight memory positions (addresses). As is known in the art, the bus 20
includes data bus 20a and address bus 20b. Address data 10 indicating a
specific memory (any of the memories 66 - 75) in which data transmitted
through the data bus 20a should be stored and a specific address (i.e.,
operation channel number or tone generation channel number) at which the
data should be stored in the specific memory is supplied through the
address bus 20b. The memories 66 - 75 decode address signals supplied
thereto through the address bus 20b and, when data should be stored in
them, receive data on the data bus 20a and store the received data in the
15 memory position corresponding to the operation channel or tone
generation channel designated by the address signal. The ABCM memory 66
stores the ABC mode signal ABCM produced in steps 36 and 39 in Fig. 6. The
memories 67 - 71 store the voice parameters produced in steps 34, 37, 44,
47 - 49 in Fig. 6. The memory 67 stores an operation connection parameter
CON for each of the tone generation channles CH1 - CH8 (or CH1 - CH10).
This operation connection parameter CON designates the mode of connection
(or operation algorithm) of plural operation channels in one tone
generation channel. The memory 68 stores self feedback level data FL for
each of the tone generation channels CH1 - CH8 (or CH1 - CH10). The self
feedback level data FL is coefficient data for setting a feedback amount in
a case where, in the basic FM operation performed in one operation channel,
a signal which has been modulated in the channel is fed 25 back to the same
channel as a modulating signal. The memory 69 stores envelope control data
ECD for each of the operation channels. The envelope control data ECD is
data for setting and controlling an envelope signal corresponding to
modulation index in the FM operation or an envelope signal corresponding to
amplitude coefficient in the FM operation. The memory 70 stores waveshape
change data WC for each of the operation channels. The waveshape 30 change
data WC is data designating change in the waveshape of a waveshape signal
used in the FM operation in a specified phase section. If, for example, the
waveshape signal is a sinusoidal wave, the waveshape level is cut to a 0
level in the phase section of 180 degrees - 360 degrees whereby the
waveshape is changed to a half-wave rectified waveshape. By this operation,
harmonic components increase in the changed waveshape signal with a result
that a complicated tone color control can be made 35 with a relatively
simple FM operation. This waveshape change operation therefore is
particularly advanta- geous in a case where there are only few operation
channels available for generation of a tone. The memory 71 stores frequency
ratio setting data MUL for each of the operation channels. The frequency
ratio setting data MUL is coefficient data for setting the frequency of a
carrier or a modulating wave in the FM operation at a frequency which is
integer multiple (or may be non-integer multiple) of the 40  tone pitch
frequency designated by the pitch data PD. The memories 69 - 71 each have
thirty-two addresses corresponding to the number of the operation channels
so that they can set voice parameters independently for the respective
operation channels. The memories 67 and 68 each have eight addresses
corresponding to the number of the tone generation 



channels in the normal mode and not ten addresses corresponding to the
number of the tone generation 45  channels in the ABC mode. This is because
corresponding voice parameters are shared commonly between the tone
generation channels CH7 and CH9 and also between the channels CH8 and CH10
for the ABC mode. The memory 72 stores the key-on signal KON produced in
steps 35 and 38 in Fig. 6 and steps 55, 56, 63 and 64 in Fig. 7 for each of
the operation channels. The key-on signal KON may be stored for each of so
the tone generation channels but, considering that the number of the tone
generation channels in the ABC mode is ten, the key-on signal KON is stored
for the respective thirty-two operation channels. Accordingly, the key-on
signal KON is not stored independently for each of the operation channels
but the key-on signal of the same contents is stored in the same operation
channel group corresponding to each of the tone generation channels CH1 -
CH8 or CH1 - CH10. 56     The memory 73 stores the pitch data PD of a
carrier used in the FM operation. The memory 74 stores the pitch data PD of
a modulating wave used in the FM operation. These pitch data PD are
produced in steps 35, 38, 55 and 56 in Figs. 6 and 7. In the normal mode,
the same pitch data PD is stored at the addresses corresponding to the same
tone generation channel in the memories 73 and 74. In a case where 8    EP
0 206 786 B1 a non-harmonic tone color is to be realized by causing the
pitches of the carrier and the modulating wave to differ slightly from each
other, values of the pitch data PD stored at the addresses corresponding to
the same tone generation channels in the memories 73 and 74 may be made
slightly different from each other. In the ABC mode, pitch data PD of tones
assigned to the channels CH1 - CH6 are stored at addresses 5  corresponding
to these channels CH1 - CH6 in the memories 73 and 74. In the remaining two
addresses of the memory 73 are stored pitch data PD of a tone assigned to
the channel CH9 and pitch data PD of a tone assinged to the channel CH10.
In the reamining two addresses of the memory 74 are stored pitch data PD of
tones assigned to the channels CH7 and CH8. The memory 75 stores other data
and supplies it to the tone generator 13. 10    The respective memories 67
- 74 deliver out data stored at their respective addresses sequentially in
response to clock pulse [err] establishing the time division time slot of
the operation channels. Outputs of the memories 66 - 72 and 75 are supplied
to the tone generator 13. Outputs of the memories 73 and 74 are supplied to
the tone generator 13 through a selector 76. The selector 76 selects an
output of the memory 73 or 74 in response to a carrier/modulating wave
operation timing signal TMS and supplies the selected 15 output to the tone
generator 13. Fig. 9 shows time division time slots for the thirty-two
operation channels set by the clock pulse [err]. The time slot numbers 1 -
32 shown correspond to the operation channel numbers 1 - 32 shown in Fig.
3. In the line of the normal channel, the numbers 1 - 8 of the tone
generation channels CH1 - CH8 in the normal mode are shown in corresponding
relation to the time slots of the operation channels constituting the tone
20 generation channels. In the line of the ABC channel, the numbers 1 - 10
of the tone generation channels CH1 - CH10 in the ABC mode are shown in
corresponding relation to the time slots of the operation channels
constituting the tone generation channels. One operation period consists of
thirty-two time slots so that in the normal mode the operation time slot of
each of the tone generation channels CH1 - CH8 arrives with a period of
eight time slots. In the first eight-slot period, operation concerning the
first modulating wave 25  is effected in each channel and this first
eight-slot period will be hereinafter referred to as "first modulator
operation slot M1". In the next eight-slot period, operation concerning the
first carrier is effected in each channel and this period will be referred
to as "first carrier operaton slot C1". In the third eight-slot period,
operation concerning the second modulating wave is effected in each channel
and this period will be referred to as "second modulator operation slot
M2". In the last eight-slot period, operation concerning the 30 second
carrier is effected in each channel and this period will be referred to as
"second carrier operation slot C2". In the foregoing manner, in the normal
mode, four operation time slots are allotted for each tone generation
channel with an eight-slot period and one tone signal is generated by the
FM operation using these four operation time slots. In the ABC mode, four
operation time slots are allotted for each of the melody tone color tone 35
generation channels CH1 - CH5 and the bass tone color tone generation
channel CH6 with an eight-slot period. As to the melody tone color and the
bass tone color, therefore, one tone signal is generated by the FM
operation using four operation time slots in the same manner as described
above. On the other hand, as to the tone generation channels CH1 - CH10 for
the chord tone color, two time slots are allotted within one operation
period for each of these tone generation channels with a sixteen-slot
period. Accordingly, as to 40 the chord tone color, one tone signal is
generated by the FM operation using two operation time slots. 



The memories 67 - 72 provide, on a time shared basis, voice parameters CON
- MUL and the key-on signal KON corresponding to the respective operation
channels for each tone generation channel at a predetermined timing as
shown in Fig. 9 depending upon which of the normal mode and the ABC mode
has been selected. 45     The carrier/modulating wave operation timing
signal TMS assumes values representing the respective operation slots M1,
C1, M2 and C2 according to the timing of the above described eigth-slot
period. The selector 76 selects the pitch data PD for eight channels (CH1 -
CH8 in the normal mode and CH1 - CH8 in the ABC mode) read out from the
memory 74 when the signal TMS designates the slot M1. The selector 76
selects the pitch data PD for eitht channels (CH1 - CH8 in the normal mode
and CH1 - CH6, CH9 and CH10 so in the ABC mode) when the signal TMS
designates the slot C1. The selector 76 selects the pitch data PD read out
from the memory 74 when the signal TMS designates the slot M2 and selects
the pitch data PD read out from the memory 73 when the signal TMS
designates the slot C2. Accordingly, the pitch data PD provided by the
selector 76 is also data obtained by time-division multiplexing data
corresponding to the respective operation channels for each of the tone
generation channels at a timing as shown in Fig. 9 55 depending upon which
of the normal mode and the ABC mode has been selected. Referring now to
Fig. 10, an example of the tone generator 13 will be described. An FM basic
operation circuit 13a executes the FM basic operation. This basic operation
is expressed, for example, by the equation E(t) sin {wt + f(t)) where wt
represents phase data changing with time, f(t) 9    EP 0 206 786 B1
modulating signal and E(t) amplitude coefficient, respectively. This FM
basic operation circuit 13a is used on a time shared basis in thirty-two
time slots for one operation period whereby FM operations for thirty-two
operation channels are respectively performed. The pitch data PD produced
by the selector 76 in Fig. 8 is supplied to a phase data generator 78 in 5
which phase data wt is generated responsive to the pitch data PD. The phase
data generator 78 generates the phase data by, for example, accumulating on
a time shared basis respective pitch data PD for thirty-two slots supplied
in the respective time division time slots on a time shared basis and
outputting phase data wt derived as a result of the accumulation for
thirty-two slots on a time shared basis. This phase data wt is supplied to
a multiplier 79 in the FM basic operation circuit 13a. 10     The
multiplier 79 multiplies the frequency ratio setting data MUL supplied from
the memory 71 in Fig. 8 with the phase data wt thereby controlling the
frequency of the carrier or the modulating wave. Since the data MUL
normally is a number which is n-th power of 2 such as 1, 2 and 4, the
multiplier 79 can be constructed of a simple shift circuit. The
frequency-controlled phase data kwt(where k is a coefficient corresponding
to the value of the data 15  MUL) provided by the multiplier 79 is applied
to one input of an adder 80. To the other input of the adder 80 is applied
the output signal of a selector 94 as the modulating signal f(t). Phase
data which has been phase modulated in response to the modulating signal
f(t) therefore is provided by the adder 80. Data for all bits other than
the most significant bit MSB is applied to an address input of a sinusoidal
wave table 82. The sinusoidal wave table 82 stores sample point amplitude
data of a half-period waveshape of a sinusoidal wave in logarithms. Since
the phase data applied to the address input is data provided by excluding
the most significant bit MSB from the original phase data, it changes with
a period which is half the original repetition period. Accordingly, the
half period waveshape of the sinusoidal wave is repeatedly read out from
the sinusoidal wave table 82 in response to phase data of the half period
cycle. The waveshape data read out from the sinusoidal wave table 82 is
applied to an adder 83 in which the 25 data is added with envelope level
data supplied as the amplitude coefficient E(t) from an envelope generator
84. This envelope level data also is data expressed in logarithms. Since
addition of logarithms is equivalent to multiplication of their
antilogarithms, the adder 83 substantially effects multiplication of the
waveshape sample point amplitude data by the amplitde coefficient E(t). The
envelope generator 84 generates, responsive to the envelope control data
ECD and the key-on signal KON supplied from the memories 69 30  and 72 in
Fig. 8, envelope level data having predetermined envelope characteristics
from the start of generation of a tone to the end thereof for each
operation slot on a time shared basis. The function of this envelope level
data differs depending upon the operation slot, that is, the envelope level
data functions as modulation index in the operation slot in which the
modulating signal is generated whereas it functions as amplitude
coefficient in the operation slot in which the carrier signal is generated.
35     The output of the adder 83 is applied to a gate 85. The waveshape
change data WC produced by the memory 70 and the most significant bit MSB
of the phase data provided by the adder 80 are applied to an AND gate 86
and a signal obtained by inverting the output of the AND gate 86 by an
inverter 87 is applied 



to the control input of the gate 85. The most significant bit MSB of the
phase data knot is "0" in a phase section between 0 - 180 degrees and "1"
in a phase section between 180 - 360 degrees. The waveshape 40  change data
WC is "1" when it designates change in the waveshape and otherwise "0". If
the waveshape change data WC is "0", the output of the AND gate 86 is "0"
and the output of the inverter 87 is "1 " so that the gate 85 is always
open regardless of the phase section. If the waveshape change data WC is
"1", the output of the AND gate 86 becomes "1" in the phase section of 180
- 360 degrees and the gate 85 therefore is closed. Accordingly, outputting
of the sinusoidal wave is prohibited in the phase section of 180 - 45  360
degrees and a waveshape signal of a half-wave rectified waveshape is
provided on the output side of the gate 85. Thus, the waveshape is changed
by the waveshape change data WC. The output of the gate 85 is applied to a
logarithm/linear converter 81 in which the logarithmic data is converted to
data of linear expression. The data of the most significant bit MSB of the
phase data provided by the adder 80 is added to the output signal of the
logarithm/linear converter 81 as a sign bit designating 50  positive or
negative polarity of the data. The MSB data is "1" in the phase section of
180 - 360 degrees, representing the negative polarity. By adding of this
sign bit, the two half-period waveshapes of the sinusoidal waves read out
from the sinusoidal wave table 82 are corrected to a complete full period
waveshape. A signal obtained by adding the sign bit to the output signal of
the logarithm/linear converter 81 is the 55  output signal of the FM basic
operation circuit 13a. This signal is applied to a delay circuit 103 which
delays the signal by eight time slots. The output of the delay circuit 103
is applied to an accumulator 89 through a gate 88 and also to an A input of
a selector 90. The accumulator 89 accumulates (adds), responsive to a
control signal VS, results of operation in the 10    EP 0206786 B1
operation time slots concerning the same tone generation channel within one
operation period (i.e., thirty- two time slots) to obtain the tone signal
in that tone generation channel and also adds tone signals of the
respective tone generation channels together. Alternatively stated, the
accumulator 89 obtains a tone signal by adding operation results for
respective terms in the multi-term FM operation together and also adds 5
plural tone signals together. The addition control signal VS is supplied
from a connection control signal generation circuit 99. This signal VS is
turned to "1" at a time slot in which the addition is to be effected and
thereupon opens the gate 88 to supply data to the accumulator 89 and also
the addition order to the accumulator 89. A circuit comprising selectors 90
- 94 and delay circuits 95 - 98 effecting delay of eight time slots is 10
provided for establishing the mode of connection (i.e., operation
algorithm) of the respective operation channels within one tone generation
channel. This mode of connection is switched by connection control signals
FSO - FS3 generated by the connection control signal generation circuit 99.
To this circuit 99 are applied the ABC mode signal ABCM and the operation
connection parameter CON provided by the memories 66 and 67 in Fig. 3 and
also the timing signal TMS and the clock pulse [err]. Responsive to the 15
signals ABCM, CON and TMS, the connection control signal generation circuit
99 generates the connection control signals FSO - FS3 and the addition
control signal VS in a predetermined pattern to be described later. The
circuit 99 generates also a timing signal TM which is "1" in the slots C1
and M2 and "0" in the slots C2 and M1 as shown in Fig. 9 in response to the
signal TMS. The delay circuits 103 and 95 - 98 and the selectors 90 and 91
function to delay the output signal of 20  the basic operation circuit 13a
in various patterns. The output of the selector 90 is applied to the delay
circuit 96, the output of the delay circuit 95 is applied to the delay
circuit 96 and the output of the delay circuit 96 in turn is applied to a B
input of the selector 90 and an A input of the selector 91. The output of
the selector 91 is delayed by a total of sixteen slots by the delay
circuits 97 and 98 and applied to the B input of the selector 91 itself.
The selectors 90 and 91 select the A input when the timing signal TM is "1"
25  and the B input when the timing signal TM is "0". To the A input of the
selector 92 is applied an output signal X of the delay circuit 103 and to
the B input of the selector 92 is applied an output signal Y of the delay
circuit 95. This selector 92 selects the A input when the connection
control signal FSO is "1" and the B input when the signal FS3 is "1". To
the A input of the selector 93 is applied the output signal Y of the delay
circuit 95, to the B input of the selector 93 is 30  applied an output
signal Z of the delay circuit 96 and; to the C input of the selector 93 is
applied an output signal W of the delay circuit 97. This selector 93
selects the A input when the connection control signal FS1 is "1", the B
input when the signal FS2 is "1 " and the C input when the signal FS3 is "1
". The outputs of the selectors 92 and 93 are added together by an adder
100 and the result of addition is applied to the A input of the selector 94
and also to a 1/2 shift circuit 101. The output of the 1/2 shift circuit 



35  101 is supplied to a multiplier 102 in which it is multiplied with
feedback level data FL supplied from the memory 68 in Fig. 8. The selector
94 selects the B input when the connection control signal FS3 is "1 " and
the A input when the signal FS3 is "0". The output signal of the selector
94 is applied to the adder 80 in the FM basic operation circuit 13a as the
modulating signal f(t). Fig. 11 (a) shows an example of operation slots of
the output signals X, Y, Z and W. As reference timing, 40 the operation
slot of the phase data wt which is the input signal to the FM basic
operation circuit 13a is shown. For convenience of illustration, operation
slots for one tone generation channel only are shown in an enlarged scale
in Fig. 11 as if the slot width was eight slots. Signals corresponding to
the four operation slots in one tone generation channel are distinguished
by reference characters M1, C1, M2 and C2 and the operation period of each
signal is designated by affixing reference characters [err] etc. For
example, M1 45   [err] represents a signal of the operation slot M1 in a
certain operation period and M1 [err] represents a signal of the same
operation slot M1 one operation period later. It is assumed that there is
no time delay in the signal in the FM basic operation circuit 13a so that
the result of the operation is provided at the same timing as the input
signal wt. Since the signal X is one obtained by delaying the FM operation
output by eight slots by the delay 50  circuit 103, the signal X is delayed
by eight slots from the timing of the input signal wt so that all results
of operation in the four operation slots Ml - C2 appear in the signal X.
Since results of operation in the operation slots M1 and C1 appear in the
signal X in response to "1" of the timing signal TM, these results are
selected by the selector 90 and provided as the signal Y after being
delayed by eight slots by the delay circuit 95. The signal Z is provided by
delaying this signal Y by eight slots further. When the timing signal 55
TM is "0", results of operation in the operation slots M1 and C1 appear as
the signal Z after being delayed so that the results are selected by the
selector 90 and supplied to the delay circuit 95 again. In this manner, the
results of operation in thee operation slots M1 and C1 repeatedly appear
twice as the signal Y. In the signal Z, the same contents as the signal Y
appear after being delayed by eight slots. The circuit consisting    EP 0
206 786 B1 of the selector 91 and the delay circuits 97 and 98 functions in
the same manner as the circuit consisting of the selector 90 and the delay
circuits 95 and 96 with a result that the signal W which is a signal
obtained by delaying the signal Z by twenty-four slots is provided by the
delay circuit 97. In Fig. 11(a), as will be apparent from comparison of the
slot contents of the input signal wt with those 5 of the signals Y and W,
the signal Y represents result of operation in the same slot of the input
signal wt one operation period before and the signal W represents result of
operation in the same slot of the input signal wt two operation periods
before. In Fig. 10, in the selectors 92 and 93, the signals Y and W are
respectively selected when the control signal FS3 is "1". Accordingly, when
the control signal FS3 is "1", the signals Y and W are added together io
in the adder 100. When the control signal FS3 is "1 ", result of operating
the output of the adder 100 by the shift circuit 101 and the multiplier 102
is selected by the selector 94 and supplied to the adder 80. In this case,
the FM operation output signal Y one operation period before and the FM
operation output signal W two operation periods before are added together
by the adder 100, the result of addition is divided into half by the 1/2
shift circuit 101 to obtain a mean value of the two output signals, this
mean value is multiplied 15  with the feedback level data FL and the result
of the multiplication is added to new phase data kwt in the same operation
slot. This means that a result of FM operation in a certain operation slot
is fed back as a modulating signal in the same operation slot in a next
operation period with a result that this operation slot functions as an FM
operation channel of a self feedback type. In the foregoing manner, when
the connection control signal FS3 is "1", the mode of connection becomes an
operation connection of a self feedback type. For preventing occurrence of
hunching in the self feedback operation, the adder 100 and the 1/2 shift
circuit 101 are provided for obtaining a mean value of results of operation
for two operation periods. When the self feedback operation is not
performed, the selector 94 selects the output of the adder 100 through the
A input. In this case, the adder 100 functions for producing the modulating
signal f(t) by adding results of operation in different operation slots. 25
A specific example of the operation connection will now be described. In
the connection controls signal generation circuit 99, the connection
controls signals FS1 - FS3 and the addition control signal VS are generated
for the respective operaton slots M1, C1, M2 and C2 in accordance with the
following Table 1. Table  1 TMS             Ml              C1
M2             C2 CON 0          FS3,  VS           FSO               FS0
FS0 1          FS3,  VS             -            FS0,  FS1          FS0 



2          FS3, VS              -               FSO          FS0,  FS2 40
FS3, 3          FS3,  VS          FSO                 -          FS0,  FS1
4          FS3, VS             -               FS1          FS1,  VS 5
FS3,  VS          FSO            FS1, VS         FS2, VS 6          FS3,
VS           FS0                VS              VS 50            7
FS3,  VS           FSO                FS1             VS 4        FS3,  VS
FS3               FS1       FS1,  VS (4  represents a state in which CON is
4 and ABCM is "1" ) The operation connection parameter CON selects any of
eight connection modes by any of the 12    EP 0 206 786 B1 numbers "0" -
"7". In these, connection modes, a tone signal is generated by using four
operation channels per one tone generation channel. Further, when contents
of the parameter CON is 4 and the ABC mode signal ABCM is "1"( designated
by "4"'), a special mode of connection is selected. This special mode of
connection is employed for the tone generation channel of the chord tone
color and in this mode a tone 5 signal is generated by using two operation
channels per one tone generation channel. That is, as will be described
later, one group consisting of four operation slots M1 - C2 is divided into
two groups of the slots Ml, M2 and C1, C2 and a tone generation channel
consisting of two operation slots is established for each of these two
groups. The connection modes corresponding to Table 1 are schematically
shown in Fig. 12. In the figure, 10 blocks in which reference characters
M1, C1, M2 and C2 are indicated represent the operation slots executed in
time division by the FM basic operation circuit 13a and a symbol of "+" in
a circle represents addition operation executed by the adder 80 or 100.
Reference characters [err] represent the phase data Kwt in the respective
operation slots Ml, C1, M2 and C2. Encircled junctions on the output side
represent that the addition is performed in the accumulator 89 in response
to the addition 15 control signal VS. By way of example, an operation when
the value of the operation parameter CON is 0 will be described. In this
case, the four operation slots M1, C1, M2 and C2 are cascade-connected and
the operation for synthesizing a tone signal is performed on the basis of a
multiplexing FM opeation formula. By the cascade-connection of the
operation slots M1 and C1, a simple FM operation formula (generally
expressed 20  as sin (err) is executed. By performing the FM operation in
the operation slot M2 by using the result of operation of this simple FM
operation formula as a modulating signal, a double FM operation generally
expressed as sin [err] is performed. By further performing the FM operation
in the operation slot C2 by using the result of this double FM operation as
a moduluating signal, a triple FM operation generally expressed as sin
[err] is performed. In 25 Fig. 12, the operation slot M1 whose output is
fed back to its input side represents a self-feedback type operation
channel. The pattern of generation of the control signals FSO - FS3 and VS
when this connection of CON = 0 is realized is as shown in the above Table
1 and this pattern of generation is also shown by a time chart of Fig.
11(b). In Fig. 11(b), states of output signals of the corresponding
selectors 92, 93 and 94 are shown in 30 the same manner as in Fig. 11(a).
In the slot M1, the signal VS is turned to "1", the gate 88 thereby is
opened and the result of operation obtaind in the last slot C2 in the
preceding operation period is loaded in the accumulator 89. The result of
operation in the slot C2 is delayed by eight slots in the delay circuit 103
so that it is supplied to the gate 88 at the slot M1 of the reference
timing (See X in Fig. 11 (a)). In the slot Ml, the signal FS3 is turned to
"1" and the signals Y and W are selected in the selectors 92 and 93. 35
Accordingly, as illustrated, when the reference timing is Ml [err], for
example, the output of the selector 92 is Ml (err) and that of the selector
93 is M1 (err). The selector 94 selects the output of the multiplier 102,
i.e., a mean value of results of operation for two preceding operation
periods in the same operation slot M1, e.g., when the reference timing is
M1[err] FL x 1/2 (M1 (err) + Ml (err) ). In this manner, the operation slot
M1 is used as a self-feedback type operation channel. 40     In the rest of
the operation slots C1, M2 and C2 at CON = 0, the signal FSO is turned to
"1". The operation output signal X is selected by the selector 92 and no
signal is selected by the selector 93. Further, the ouptut of the adder
100, i.e., the output of the selector 92, is selected by the selector 94
through the A input. As a result, in the slots C1, M2 and C2 of the
reference timing, results of operation in the slots C1, M2 and C2 eight
slots before (e.g., when the reference timing is C1  [err] M1 [err] ) are
provided 



45  by the selector 94 and supplied to the adder 80 of the basic operation
circuit 13a. Consequently, results of operation obtained in the preceding
operation slot of the same channel is utilized as a modulating signal and
the cascade-connection of the operation slots M1, C1, M2 and C2 as
illustrated is realized. For another example, an operation when the value
of the operation conncection parameter CON is 4 will be described. In this
mode of connction, as shown in Fig. 12, the self-feedbak type operation
slots M1 and 50 M2 are cascade-connected and the operation slots C1 and C2
are cascade-connected and a tone signal for one tone generation channel is
generated by synthesizing outputs of the respective cascade-connection. The
operation formula thereofore is generally described by a two term FM
operation formula sin ( err + sin[err]) + sin(err). In this case, the phase
data wt is common and corresponds to the tone pitch of a tone assigned to
one tone generation channel. 5q     The pattern of generation of the
control signals FSO - FS3 and VS when this connection at CON = 4 is
realized is as shown in the above Table 1 and this pattern of generation is
also expressed by a time chart of Fig. 11 (c). In this figure, states of
the output signals of the corresponding selectors 92, 93 and 94 are also
shown. The operation in the operation slot M1 in which the signals FS3 and
VS become "1 " is the same as 13    EP 0 206 786 B1 the previously
described one and the slot M1 therby becomes a self-feedback type operation
channel. In the operation slot C1, none of the control signals FSO - FS3 is
produced. The outputs of the selectors 92, 93 and 94 are "0" and no
modulating signal f(t) is supplied to the basic operation circuit 13a.
Accordingly, the FM operation is not substantially performed in the
operation slot C1  but a sinusoidal wave signal sin 5   [err] is generated.
In the operation slot M2, the signal SF1 is "1" and the signal Y is
selected by the selector 93. As will be understood from Fig. 11(a), the
result of operation in the slot M1 in the same operation period appears as
the signal Y in this slot M2. Accordingly, the result of operation of the
slot M1 of the same operation period is provided as a modulating signal
f(t) of the slot M2 rsulting in cascade-connection of the slots M1 and 10
M2. This result of operation by the cascade-connection of the slots M1 and
M2 is delayed by eight time slots in the delay circuit 103 and loaded in
the accumulator 89 through the gate 88 when the signal VS has been turned
to "12 in the slot C2. In the operation slot C2, the signal FS1 is "1" and
the signal Y is selected by the selector 93 in the same manner as was
described above. As will be understood from Fig. 11(a), result of operation
in the slot 15  C1 in the same operation period appears as the siganal Y in
this slot C2. Accordingly, the result of operation of the slot C1 of the
same operation period is provided as a modulating signal f(t) of the slot
C2 resulting in cascade-connection of the slots C1 and C2. This result of
operation by the cascade-connection of the slots C1 and C2 is delayed by
eight time slots by the delay circuit 103 and loaded in the accumulator 89
through the gate 88 when the signal VS has been turned to "1" in next slot
M1. In this manner, the mode of connection according to the illustrated two
term FM operation is realized. For another example, an operation when
contents of the operation connection parameter CON are 4' (i.e., CON is 4
and ABCM is "1") will be described. As shown in Fig. 12, this mode of
connection in appearance is substantially the same as the case of CON = 4
except that the operation slot C1 is a self- feedback type operation slot
but the tone generation channel consisting of the operation slots M1 and M2
25 and the tone generation channel consisting of the operation slots C1 and
C2 are separate channels and tone signals for two channels are synthesized.
More specifically, this mode of connection is one for the tone generation
channels CH7 - CH10 for the chord tone color in the ABC mode. As will be
apparent from Fig. 9, operation slots for the channel CH7 are M1 and M2,
more specifically 8 and 24, ones for the channel CH8 are M1 and M2, more
specifically 8 and 24, ones for the channel CH9 are C1 and C2, more
specifically 15 30 and 31 and ones for the channel CH1O are C1 and C2, more
specifically 16 and 32. In this manner, the system of the slots M1 and M2
and the system of the,.slots C1 and C2 are separate channels from each
other. For this reason, phase data used in the slots M1 and M2 is
designated by [err] and phase data used in the slots C1 and C2 by [err] to
make it clear that they correspond to different tone pitches. The pattern
of generation of the control signals FSO - FS3 and VS is shown in the above
Table 1 and 35  this pattern is shown by a time chart of Fig. 11 (d). In
Fig. 11 (d), states of the output signals of the selectors 92, 93 and 94
are also shown. Difference of this generation pattern from the above
described case of CON = 4 is that the signal FS3 is "1" in the operation
slot C1 whereby the operation slot C1 becomes a self- feedback type
operation channel. Since the system consisting of the operation slots C1
and C2 is used as the tone generation channel for the chord tone color, the
first operation slot C1 is formed as the self- 40 feedback type operation
slot in the same manner as in the tone generation channel for the chord
tone color consisting of the operation slots M1 and M2. Other operations
are the same as the above described case of 



CON = 4. Thus, in the case of CON = 4', the four operation slots M1 - C2
which normally correspond to one tone generation channel are divided into
two independent tone generation channels consisting of the two operation
slots M1 and M2 or C1 and C2 and synthesis of a tone signal according to
the simple FM 45 operation is effected in each of the channels. More
specifically, a tone signal is synthesized by an FM operation expressed
generally by a formula sin (err) in the tone generation channel consisting
of the slots M1 and M2 whereas a tone signal is synthesized by an FM
operation expressed generally by a formula sin (err) in the tone generation
channel consisting of the slots C1 and C2. 50     The mode of connection
shown in Fig. 12 can be realized as accurately as the above described mode
of connection by generating the predetermined control signals FS0 - FS3 and
VS in the pattern shown in Table 1. The mode of connection shown here is
only an example and any other mode of connection may be employed. The
number of mode of connection is not limited to nine but any desired number
of modes may be adopted. 55    In the above embodiment, the mode for
changing the channel setting state is changed depending upon whether the
automatic bass/chord performance has been selected or not. The type of
automatic perfor- mance is not limited to the automatic bass/chord but it
may be automatic arpeggio, automatic rhythm or any other automatic
performance. Alternatively further, the channel setting state may be
changed by an 14    EP 0 206 786 B1 exclusive mode selection means
regardless of the automatic performance. The state of channel setting is
not limited to the above described embodiment but it may be determined
freely. In the ABC mode, for example, tone generation channels for melody
tone color may be composed of two operation slots and the channels CH1 -
CH5 may be respectively divided by two so that 5  tone generation channels
for the melody tone color totalling ten may be establised. Conversly, in
the ABC mode (i.e., the second mode), the number of the operation slots in
one tone generation channel may be increased and the number of the tone
generation channels may thereby be decreased. In the above described
embodiment, the number of tone generation channels is eight or ten and the
number of the operation channels per channel is two or four. These numbers
may however be determined at other suitable 10  numbers. Further, in a case
where the number of the operation slots is decreased and the number of the
tone generation channels is relatively increased in the second mode, tone
signals of the same tone pitch and different tone colors may be generated
in the increased channels and tones of the same pitch and different tone
colors may thereby be generated. Alternatively, tones of the same tone
pitch and same tone color and 15  slightly different in pitch from one
another may be generated by utilizing the increased channels. Further, the
increased channels may be utilized for generation of effect tones such as
drum percussions or a special system tone such as a solo tone (e.g., a tone
selected from tones assigned to the melody tone color channels and imparted
with a tone color for a solo performance). The waveshape change control by
the waveshape change data WC may be performed either of the 20  operation
channels for the carrier and the modulating wave and the manner of changing
the waveshape is not limited to the one in the above described embodiment
but may be selected from various methods such as disclosed in the copending
United States Patent Application No. 659,574 filed on October 10, 1984 and
No.755,188 filed on July 15, 1985 both assigned to the same assignee with
the present application. The waveshape table used in the FM basic operation
circuit is not limited to a sinusoidal wave table but 25 any waveshape
table may be used. Further, instead of using the waveshape table, a
waveshape signal may be generated by data-converting the phase data or
data-processing the phase data by operation. In actual circuit design,
suitable delay circuits are inserted in necessary locations for stabilizing
outputs. of circuit components such as adders, though such delay circuits
are omitted in Fig. 10. In this case, timing of generation of the control
signals F20 - FS3 and VS should be suitably adjusted. 30     The tone
generation operation executed in the tone generator is not limited to the
above described FM operation but may be other operation such as AM
operation. The operation channels may be provided in parallel by individual
hardware circuits. As described in the foregoing, according to the present
invention, in a case where a limited number of operation channels are
divided in using to establish a plurality of tone generation channels for
producing a 36  plurality of tones simultaneously, the number of the
operation channels can be increaded or decreased by suitably changing the
number of operation channels used for one tone generation channel. This
enables a proper channel setting in accordance with a demand relating to
the tone color or the performance style such as a case where a tone signal
of a high quality capable of effecting a complex tone color control is to 



be generated by using a relatively large number of operation channels or a
case where a relatively simple 40 tone color control will suffice while the
maximum number of tones to be generated simultaneously is to be increased.
Moreover, this can be realized by efficiently using the limited number of
operation channels without waste so that the device can be produced at a
low cost and in a compact design. Claims 45 1. A tone signal generation
device having a plurality of tone generation channels, comprising tone
generation operation means (10), including a predetermined number of
operation channels (OP1-OPx), for tone signal computation and for
generating a tone signal by performing a specific tone generation operation
employing one or more of said operation channels (OP1-OPx) for one tone
generation 60     channel, thereby providing said plurality of tone
generation channels, and mode selection means (12) for selecting one mode
from among a plurality of modes including a first mode and a second mode,
characterised in that the device further comprises channel establishing
means (11) for dividing said operation channels (OP1-OPx) into a plurality
of groups in a predetermined manner in accordance with the mode selected by
said mode selection means (12) and for establishing said tone generation 55
channels such that each is constituted by a respective one of said
plurality of groups, the number of said groups being different depending
upon the selected mode to change the number of tone generation channels in
said tone generation operation means in accordance with the selected mode.
15    EP 0 206 786 B1 *   C   L  M   S  * exclusive mode selection means
regardless of the automatic performance. The state of channel setting is
not limited to the above described embodiment but it may be determined
freely. In the ABC mode. for example. tone generation channels for melody
tone color may be composed of two operation slots and the channels CH1 -
CH5 may be respectively divided by two so that 5  tone generation channels
for the melody tone color totalling ten may be establised. Conversly, in
the ABC mode (i.e., the second mode), the number of the operation slots in
one tone generation channel may be increased and the number of the tone
generation channels may thereby be decreased. In the above described
embodiment, the number of tone generation channels is eight or ten and the
number of the operation channels per channel is two or four. These numbers
may however be determined at other suitable 10  numbers. Further, in a case
where the number of the operation slots is decreased and the number of the
tone generation channels is relatively increased in the second mode, tone
signals of the same tone pitch and different tone colors may be generated
in the increased channels and tones of the same pitch and different tone
colors may thereby be generated. Alternatively, tones of the same tone
pitch and same tone color and 15 slightly different in pitch from one
another may be generated by utilizing the increased channels. Further, the
increased channels may be utilized for generation of effect tones such as
drum percussions or a special system tone such as a solo tone (e.g.. a tone
selected from tones assigned to the melody tone color channels and imparted
with a tone color for a solo performance). The waveshape change control by
the waveshape change data WC may be performed either of the 20  operation
channels for the carrier and the modulating wave and the manner of changing
the waveshape is not limited to the one in the above described embodiment
but may be selected from various methods such as disclosed in the copending
United States Patent Application No. 659,574 filed on October 10, 1984 and
No.755,188 filed on July 15. 1985 both assigned to the same assignee with
the present application. The waveshape table used in the FM basic operation
circuit is not limited to a sinusoidal wave table but 25 any waveshape
table may be used. Further. instead of using the waveshape table a
waveshape signal may be generated by data-converting the phase data or
data-processing the phase data by operation. In actual circuit design,
suitable delay circuits are inserted in necessary locations for stabilizing
outputs of circuit components such as adders. though such delay circuits
are omitted in Fig. 10. In this case, timing of generation of the control
signals F20 - FS3 and VS should be suitably adjusted. 30     The tone
generation operation executed in the tone generator is not limited to the
above described FM operation but may be other operation such as AM
operation. The operation channels may be provided in parallel by individual
hardware circuits. As described in the foregoing, according to the present
invention, in a case where a limited number of operation channels are
divided in using to establish a plurality of tone generation channels for
producing a 35 plurality of tones simultaneously, the number of the
operation channels can be increaded or decreased by suitably changing the
number of operation channels used for one tone generation channel. This
enables a 



proper channel setting in accordance with a demand relating to the tone
color or the performance style such as a case where a tone signal of a high
quality capable of effecting a complex tone color control is to be
generated by using a relatively large number of operation channels or a
case where a relatively simple 40 tone color control will suffice while the
maximum number of tones to be generated simultaneously is to be increased.
Moreover, this can be realized by efficiently using the limited number of
operation channels without waste so that the device can be produced at a
low cost and in a compact design. Claims 45 1. A tone signal generation
device having a plurality of tone generation channels, comprising tone
generation operation means (10), including a predetermined number of
operation channels (OP1-OPx), for tone signal computation and for
generating a tone signal by performing a specific tone generation operation
employing one or more of said operation channels (OP1-OPx) for one tone
generation so     channel, thereby providing said plurality of tone
generation channels and mode selection means (12) for selecting one mode
from among a plurality of modes including a first mode and a second mode,
characterised in that the device further comprises channel establishing
means (11) for dividing said operation channels (OP1-OPx) into a plurality
of groups in a predetermined manner in accordance with the mode selected by
said mode selection means (12) and for establishing said tone generation 55
channels such that each is constituted by a respective one of said
plurality of groups, the number of said groups being different depending
upon the selected mode to change the number of tone generation channels in
said tone generation operation means in accordance with the selected mode.
15    EP 0 206 786 B1 *  C   L   M   S * 2. A tone signal generation device
as defined in claim 1, characterised in that said channel establishing
means (11) comprises tone assignment means (11 a) for assigning tones to be
generated to the tone generation channels established in accordance with
the mode selected by said mode selection means (12) and parameter supply
means (11b) for supplying operation parameters to the respective operation
5      channels in the tone generation channels established according to
the selected mode. 3. A tone signal generation device as defined in claim 1
or 2, characterised in that said mode selection means (12) selects either
the first mode or the second mode, and said channel establishing means (11)
divides the operation channels into N groups in said first mode to
establish N tone generation channels 10     corresponding respectively to
the N groups and divides the operation channels into M groups in said
second mode to establish M tone generation channels corresponding
respectively to the M groups. 4. A tone signal generation device as defined
in claim 3, characterised in that, in said second mode, an operation
channel group corresponding to one tone generation channel among the N tone
generation 15     channels in said first mode is divided into at least two
groups and independent tone generation channels are established by the
respective divided groups thereby to establish a total of M (N< M) tone
generation channels. 5. A tone signal generation device as defined in any
preceding claim, characterised in that, in said first mode, the number of
operation channels for each of the tone generation channels is the same and
tone signals generated thereby are each generated with a common tone color,
whereas, in said second mode, there is a tone generation channel whose
number of operation channels is different from those of another of the tone
generation channels whereby the tone signals generated by tone generation
channels whose number of operation channels differ from each other have
different tone colors from 25     each other. 6. A tone signal generation
device as defined in claim 5, characterised in that a waveshape signal
having a particular waveshape and a plurality of phase sections is used for
operation in the operation channels in said tone generation operation
means, and the tone signal generation device includes waveshape 30
changing means (70, 85, 86, 87) for changing the waveshape of a
predetermined waveshape signal in a specific phase section thereof in
response to a control signal, and in that, in said second mode, the
particular waveshape of the waveshape signal is changed by supplying the
control signal to one or more of the operation channels in those tone
generation channels in which the number of operation channels is relatively
small in comparison to others of the tone generation channels so that
harmonic 35     components in the changed waveshape signal used for the
respective one or more operation channels are changed. 7. A tone signal
generation device as defined in any preceding claim, characterised in that
said tone generation operation means (10) provides said predetermined
number of operation channels in the form 



40     of time division time slots, and in that a single basic tone
generation operation circuit (13a) is used on a time shared basis to
compute and generate the one or more tone signals. 8. A tone signal
generation device as defined in any preceding claim, characterised in that
each of said operation channels in said tone generation operation means
(10) includes FM means (1 3a) for 45     performing a basic operation of a
tone generation system  according to a frequency modulation operation. 9. A
tone signal generation device as defined in any one of claims 1 to 7,
characterised in that each of said operation channels in said tone
generation operation means (10) includes AM means for 50     performing a
basic operation of a tone generation system according to an amplitude
modulation operation. 10. A tone signal generation device as defined in
claim 3, characterised in that said mode selection means (12) includes an
automatic performance selection switch (22) for selecting an automatic
performance, 55     and in that said mode selection means (12) selects said
first mode when the automatic performance has not been selected and selects
said second mode when the automatic performance has been selected by said
switch (22), wherein some of the tone generation channels established in
said second mode are used as channels for the automatic performance and the
rest of the tone generation channels 16    EP 0 206 786 B1
*   C  L  M  S   * established in said second mode are used as channels for
a manual performance. Revendications 5  1. Dispositif g6nerateur de signal
sonore ayant une pluralite de canaux g6nerateurs de son, comprenant un
moyen de contr8le (10) de la production de son, poss6dant un nombre
pr6determin6 de canaux de contr8le (OP1-OPx), pour le calcul du signal
sonore et pour produire un signal sonore en realisant une op6ration
sp6cifique gen6ratrice de son employant un ou plusieurs desdits canaux de
contr8le (OPi- OPx) pour un canal g6nerateur de son, fournissant ainsi
ladite pluralit6 de canaux gen6rateurs de son, 10     un moyen selecteur de
mode (12) pour choisir ti, mode parmi une pluralit6 de modes comprenant un
premier mode et un second mode, caracterise en ce que le dispositif
comprend en outre un moyen createur de canaux (11) pour diviser lesdits
canaux de contr8le (OPI -OPx) en une pluralite de groupes d'une maniere
pred6terminee en accord avec le mode choisi par ledit moyen s6lecteur de
mode (12) et pour creer lesdits canaux g6nerateurs de son de sorte que
chacun est constitu6 par un groupe 15     respectif de ladite pluralit: de
groupes, le nombre desdits groupes 6tant diff6rent suivant le mode choisi
pour changer le nombre de canaux g6nerateurs de son dans ledit moyen de
controle de la production de son en accord avec le mode chosi. 2.
Dispositif generateur de signal sonore suivant la revendication 1,
caracteris6 en ce que ledit moyen 20     createur de canaux (11) comprend
un moyen d'affectation sonore (11 a) pour affecter les sons a . g6n6rer aux
canaux gen~rateurs de son 6tablis en accord le mode choisi par ledit moyen
selecteur de mode (12) et un moyen fournisseur de parametres (11 b) pour
fournir des parametres de contr8le aux canaux de contr8le respectifs dans
les canaux g6n6rateurs de son etablis en accord avec le mode choisi. 25 3.
Dispositif g6n6rateur de signal sonore suivant la revendication 1 ou 2,
caract6ris6 en ce que ledit moyen selecteur de mode (12) choisit ou bien le
premier mode ou bien le second mode, et quo ledit moyen cr6ateur de canaux
(11) divise les canaux de contr8le en N groupes dans ledit premier mode
pour creer N canaux g6nerateurs de son correspondant respectivement aux N
groupes et divise les 30     canaux de contr8le en M groupes dans ledit
second mode pour cr6er M canaux g6n6rateurs de son correspondant
respectivement aux M groupes. 4. Dispositif g6n6rateur de signal sonore
suivant Ila revendication 3, caracterise en ce que dans ledit second mode
un groupe de canaux de contr81e correspondant a un canal generateur de son
parmi les 35     N canaux gen6rateurs de son dans ledit premier mode est
divis6 en au moins deux groupes et des canaux generateurs de son
ind6pendants sont crees par les groupes divis6s respectifs, pour ainsi
cr6er un total de M (N < M) canaux g6n6rateurs de son. 5. Dispositif
g6n6rateur de signal de son suivant une revendication quelconque
pr6cedente, caracterisr en 40     ce que dans ledit premier mode le nombre
de canaux de contr8le pour chacun des canaux gdn6rateurs de son est le mime
et les signaux sonores produits par eux sont chacun produits avec une
couleur sonore commune, tandis que dans ledit second mode il y a un canal
g6nerateur de son dont le nombre de canaux de contr6le est different de
celui d'un autre des canaux gen6rateurs de son, de sorte que les signaux
sonores produits par les canaux gen6rateurs de son dont le nombre de canaux
de contr8le 



45     differe de chaque autre canal ont des couleurs sonores diff6rentes
l'un de l'autre. 6. Dispositif g6n6rateur de signal sonore suivant la
revendication 5, caracterise en ce qu'un signal de forme d'onde ayant une
forme d'onde particuliere et une pluralit6 de sections de phases est
utilise pour controler les canaux de contr6le dans ledit moyen de contr8le
de g6nerateur de la production de son, 50     et le dispositif generateur
de signal sonore comprend un moyen (70,85,86,87) de changement de la forme
d'onde pour changer la forme d'onde d'un signal a forme d'onde
pr6d6termin6e en une section de phase sp6cifique de celui-ci en r6ponse a
un signal de commande et en ce que dans ledit second mode la forme d'onde
particulire du signal de forme d'onde est chang6e en fournissant le signal
de contr8le.a un ou plusisurs des canaux de contr8le dans coux des canaux
gendrateurs de son dans 55     loquel le nombre de canaux en fonction est
reloaltvement petit en comparaison aux autres des canaux g6nerateurs de son
de sorte que des composantes harmoniques dans le signal de forme d'onde
changee utilise pour le canal de contr8le respectif ou plusieurs canaux de
contr81e sont changees. 17    EP 0 206 786 B1                      1
111111 11111 11111 111111 7. Dispositif gen6rateur de signal sonore suivant
une revendication prec6dente quelconque, caract6ris6 en ce que ledit moyen
de contr8le de la production de son (10) fournit un nombre pr6determin6 de
canaux de contr6le sous forme d'intervalles de temps de partage dans le
temps et en ce qu'un circuit de commande (13a) de la g6nerationr de son de
base unique est utilis6 sur la base d'une division dans +5rl    le temps
pour calculer et produire l'un ou plusiours signaux sonore. 8  Dispositif
g6n6rateur de signal sonore suivant une revondication pr6c6dente
quelconque, caracterise en ce que chacun desdits canaux de controle dans
ledit moyen de contr8le de la production de son (10) comprend un moyen b
modulation de fr6quence (13a) pour r~aliser un fontionnement de base d'un
10     systeme gen6rateur de son en accord avec un contr~le par modulation
de fr6quence. 9. Dispositif g6n~rateur de signal sonore suivant l'une
quelconque des revendications 1 a 7, caracterise en ce que chacun des
canaux de contr8le dans ledit moyen (10) de controle de la production de
son comprend un moyen b modulation d'amplitude pour r~aliser un
fonctionnement de base d'un systeme 15     gdn6rateur de son, en accord
avec un fonctionnement A modulation d'amplitude. 10. Dispositif g6nerateur
de signal sonore suivant la revendication 3, caract6ris6 en ce que ledit
moyen de s9lection de mode (12) comprend un commutateur (22) de selection
de fonctionnement automatique pour choisir un fontionnement automatique, et
en ce que ledit moyen de s6lection de mode (12) choisit o     ledit premier
mode, quand ledit fonctionnement automatique n'a pas ete choisi et choisit
ledit second mode, quand le mode de fonctionnement automatique a ete choisi
au moyen dudit commutateur (22), dans lequel quelques-uns des canaux
gendrateurs de son crees dans ledit second mode sont utilises comme canaux
pour le fonctionnement automatique et le reste des canaux gdnerateurs de
son etablis dans ledit second mode sont utilises comme canaux pour le
fonctionnement manuel. 25 PatentansprUche 1. Tonsignalerzeugungsvorrichtung
mit einer Vielzahl von Tonerzeugungskandlen, mit einer Tonerzeu-
gungssteuervorrichtung (10), die eine vorgegebene Anzahl von Steuerkanalen
(OP1-OPx) hat, fUr die 30     Tonsignalberechnung und die Erzeugung eines
Tonsignals indem eine spezifische Tonerzeugungs- steuerung, welche eine
oder mehrere der genannten Steuerkanale (OP1-OPx) far einen Tonerzeu-
gungskanal benutzt, durchgefUhrt wird, wodurch die Vielzahl von
Tonerzeugungskandlen bereitgestellt wird, und einer
Modenauswahleinricihtung (12) zur ,.bswahl eines Modus aus mehreren Moden,
welche einen ersten Modus und einen zweiten Modus umfassen, dadurch
gekennzeichnet, dass die Vorrich- 35    tung desweitern eine
Kanalfestlegungseinrichtung (11) hat, mit der die Steuerkangle (OP1 -OPx)
in einer bestimmten Weise in Uebereinstimmung mit dem von der
Modenauswahleinrichtung (12) ausgewghlten Modus in eine Vielzahl von
Gruppen einzuteilen und, um die Tonerzeugungskanale so festzulegen, dass
jeder von einer jeweiligen Gruppe der Vielzahl von Gruppen gebildet wird,
wobei die Zahl der Gruppen je nach dem ausgewAhlten Modus verschieden ist,
um die Anzahl der Tonerzeugungskanglen 40    in der
Tonerzeugungssteuereinrichtung in Uebereinstimmung mit dem ausgewAhlten
Modus zu veran- dern. 2. Tonsignalerzeugungsvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, dass die Tonkanalfestle- gungseinrichtung (11) eine
Tonzuordnungseinrichtung (11a) far die Zuordnung der zu erzeugenden 45
T6ne zu den Tonerzeugungskanalen, welche in Uebereinstimmung mit dem von
der Modenauswahlein- richtung (12) ausgewAhIten Modus festgelegt wurden und
eine Parameterzufuhreinrichtung (11 b) far die ZufOhrung von
Betriebsparametern an die jeweiligen SteuerkanEle in den
Tonerzeugungskanglen, welche in Uebereinstimmung mit dem ausgew~hlten Modus
festgelegt wurden. 



5o  3  Tonsignalerzeugungsvorrichtung nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass die Moden- auswahleinrichtung (12) entweder den ersten
Modus oder den zweiten Modus auswahIt, und die Kanalfestlegungseinrichtung
(11) die Steuerkanale in dem ersten Modus in N Gruppen einteilt, um den N
Gruppen entsprechende N Tonerzeugungskanale festzulegen und die
Betriebskangle im zweiten Modus in M Gruppen einteilt, um den M Gruppen
jeweils entsprechende M Tonerzeugungskanale 56    festzulegen. 4.
Tonsignalerzeugungsvorrichtung nach Anspruch 3, dadurch gekennzeichnet,
dass im zweiten Modus eine Steuerkanalgruppe, die einem Tonerzeugungskanal
unter den N Tonerzeugungskanalen im ersten 18    EP 0 206 786 BI
I I!III huH fijI 11111 II I!I * C   L  M   S* Modus entspricht, in
mindestens zwei Gruppen eingeteilt ist und unabhangige Tonerzeugungskanale
von den jeweiligen geteilten Gruppen festgelegt werden, um so eine
Gesamtzahl von M (N < M) Tonerzeugungskanale festzulegen. 5  5.
Tonsignalerzeugungsvorrichtung nach einem vorangehenden Anspruch, dadurch
gekennzeichnet, dass im ersten Modus die Anzahl der Steuerkanale far jeden
der Tonerzeugungskanale der gleiche ist und die davon erzeugten Tonsignale
jedes mit einer gemeinsamen Klangfarbe erzeugt werden, wahrend im zweiten
Modus ein Tonerzeugungskanal vorliegt, dessen Anzahl von Steuerkandlen
verschieden ist von derjenigen der anderen Tonerzeugungskanale, wodurch die
Tonsignale, die von den Tonerzeugungska- 10     nalen erzeugt werden, deren
Anzahl von Steuerkanalen voneinander unterschiedlich sind, voneinander
verschiedene Klangfarben haben. 6. Tonsignalerzeugungsvorrichtung nach
Anspruch 5, dadurch gekennzeichnet, dass eine Wellenformsi- gnal mit einer
besonderen Wellenform und einer Vielzahl Phasensektoren benutzt wird zur
Steuerung t5     der Steuerkanale In der Tonerzeugungssteuereinrichtung,
und die Tonsignalerzeugungseinrichtung eine Wellenformanderungseinrichtung
(70,85,86,87) zur Aenderung der Wellenform eines vorbestimmten
Wellenformsignals in einem spezifischen Phasensektor desselben in
Abhangigkeit von einem Steuersi- gnal, umfasst und, dass im zweiten Modus
die besondere Wellenform des Wellformsignals durch ZufUhren des
Steuersignals in einen oder mehrere der Steuerkanale in jenen
Tonerzeugungskanalen, in 20     denen die Anzahl der Steuerkanale relativ
klein im Vergleich zu den anderen der Tonerzeugungskana- len ist, geandert
wird, so dass harmonische Komponente in dem geanderten Wellenformsignal,
welches flr den jeweiligen oder mehrere Steuerkanale benutzt wurde,
ge~ndert werden. 7. Tonsignalerzeugungsvorrichtung nach einem beliebigen
vorangehenden Anspruch, dadurch gekenn- 25     zeichnet, dass die
Tonerzeugungssteuereinrichtung (10) die vorbestimmte Anzahl von
Betriebskanilen in Form von Zeitmultiplexzeitintervallen bereitstellt und,
dass ein einziger Grundtonerzeugungssteuer- kreis (13a) im Zeitmultiplex
benutzt wird, umr das eine oder mehrere Tonsignale zu berechnen und zu
erzeugen. 30 8. Tonsignalerzeugungsvorrichtung nach einem beliebigen
vorangehenden Anspruch, dadurch gekenn- zeichnet, dass jeder der
Steuerkanale in der Tonerzeugungssteuereinrichtung (10) Frequenzmodula-
tionseinrichtungen (13a) aufweist, um einen Grundbetrieb eanes
Tonerzeugungssystems in Ueberein- stimmung mit einem
Frequenzmodulationsbetrieb. durchzufOhren. 35  9.
Tonsignalerzeugungsvorrichtung nach einem der AnsprUche 1 bis 7, dadurch
gekennzeichnet, dass jeder der Steuerkanale in der
Tonerzeugungssteuereinrichtung (10) eine Amplitudenmodulationseinrich- tung
aufweist, um einen Grundbetrieb eines Tonerzeugungssystem entsprechend
eines Amplitudenmo- dulationsbetriebs durchzuflhren. 40  10.
Tonsignalerzeugungsvorrichtung nach Anspruch 3, dadurch gekennzeichnet,
dass die Modenauswahl- einrichtung (10) einen automatischen
Betriebswahischalter (22) hat, um einen automatischen Betrieb auszuwahlen
und, dass die Modenauswahleinrichtungen (12) den ersten Modus auswahlt,
wenn der automatische Betrieb nicht ausgewghIt wurde und den zweiten Modus
w~hIt, wenn der automatische Betrieb mit Hilfe des Schalters (22)
ausgewAhIt wurde, wobei einige der im zweiten Modus festgelegten 45
Tonerzeugungskanale als Kanale fUr den automatischen Betrieb und der Rest
der im zweiten Modus festgelegten Tonerzeugungskangle als Kanale fUr
Handbetrieb benutzt werden. 50 55 19    


