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newly depressed on the keyboard, the newly de- pressed key is assigned to
the detected tone gen- The present invention relates generally to an
erating channel to cause it to generate the tone of electronic musical
instrument, and in particular to a  the newly depressed key instead of the
tone which polyphonic electronic musical instrument having a   5   has been
generated by the same tone generating truncate function.
channel. There have been proposed electronic keyboard        US-A-3 882 751
discloses an electronic musi- musical instruments which have a plurality of
tone  cal instrument comprising tone data generating generating channels
for simultaneously generating   means for generating tone data each
representative tones corresponding to keys depressed on the   10  of a tone
to be generated. In order to reproduce keyboard. In such conventional
musical instru-      simultaneously several musical tones, the tone ments,
when a key is newly depressed while all of   generating means have a
plurality of tone generat- the tone generating channels are generating
tones,  ing channels each storing a key address code an assignment of the
tone of the newly depressed   representing the musical note being played.
The key to the tone generating channels has been   15   musical instrument
according to the prior art has performed in one of the following methods.
further assigning means comprising channel des- One of the methods is
disclosed in U.S. Patent  ignating means which designates a specified one
No. Re. 31,931 in which amplitudes of envelope     of said tone generating
channel and assigns a new waveforms for controlling levels of tones
generated  tone data to said specified channel so that said by respective
tone generating channels are com-   20  new tone data is substituted for
the assigned one pared with each other, to detect the channel to    in that
specified channel. In order to designate a Which the envelope waveform of
the smallest am-       specified one of said tone generating channels,
plitude is applied, i.e., the channel which is gen-  especially, if all of
the tone generating channels are erating the tone whose tone level is the
lowest.    reproducing  a note. truncate data generating Then, generation
of the tone designated by the   25   means are provided for generating a
group of trun- newly depressed key is assigned to the detected     cate
data, each relating to a respective one of said channel, whereby the tone
corresponding to the     tone data. In other words there is provided an
newly depressed key begins to be generated in-     envelope counter
comprising an adder and a shift stead of the tone which has been generated
by the   register. The output representing a counted value same tone
generating channel. Another known   30  is applied from this envelope
counter to an en- method is disclosed in U.S. Patent No. 4,041,826 in
velope memory and a wave-shape amplitude which counter means is provided
for each of tone    stored at an address corresponding to the counted
generating channels. And, each time a key as-       value is successively
read from this memory. The signed to one of the tone generating channels is
envelope memory stores an attack wave form and released, the counter means
of that channel cor-  35  decay wave form. As soon as a decay start signal 



responding to this released key and the counter    is applied the decay
wave shape is read from the means of those channels corresponding to keys,
envelope memory. In order to determine which which have already been
released, are incremented   note of which channel has decayed to the
furthest by the same value so that the contents of each      degree there
is provided a truncate counter. The counter means indicate the order of
releasing of  40  counting contents of each channel of the envelope the
corresponding key. When a key is newly de-        counter are sequentially
transmitted to each chan- pressed while all the channel are generating
tones,  nel of a shift register and stored therein. As soon the contents of
all of the counter means are com-   as a starting signal for starting the
operation of the pared with each other to detect the counter means
truncate counter is received, the truncate counter is which contains the
greatest value, whereby the   45  separated from  the envelope counter and
the tone generating channel corresponding to the earli-  counting in each
channel is accelerated by apply- est released key is detected. Then, the
newly de-  ing a high rate clock signal to an adder. When all pressed key
is assigned to the detected channel to  data of the envelope information
corresponding to cause it to generate a tone of the newly depressed  all
channels are stored in the shift register each of key instead of the tone
which has been generated   so  them is incremented by use of the high speed
by the same tone generating channel. A still an-    clock. A channel
corresponding to a carry signal other conventional method is shown in
Japanese      which is output from said adder at first is detected Patent
Application Laid-Open No. 57-136698, in      as the channel whose. envelope
signal is the most which envelope level data, which simulate decays
incremented, and this channel is determined as the of envelope waveforms of
tones generated by re-  55  truncate channel, this means the decay period
of spective tone generating channels, are compared    the envelope signal
of each channel is determined with each other to detect the channel which
is      and is used directly to designate the truncate chan- generating the
tone most decayed. When a key is     nel. 2    3                 EP 0
204122 B1                      4 Thus, with the conventional methods, when
a     erating tones. key is newly depressed on the keyboard while all
It is a further object of the invention to provide the tone generating
channels are generating tones,  such an electronic musical instrument in
which a the tone of the newly depressed key begins to be    new tone to be
generated can be assigned to the generated by the tone generating channel
which   5   tone generating channel which is generating one of has been
generating the tone of the lowest tone    decaying tones other than those
belonging to a level, the tone corresponding to the earliest re-  specific
tone range when all of the tone generating leased key, or the tone whose
envelope level data  channels are generating tones. 



is the smallest. When one performs a music with,       It is a further
object of the invention to provide for example, a piano, it is often
required to perform   10  such an electronic musical instrument in which a
the music in such a manner that tones in the higher  new tone to be
generated can be assigned to one tone range are produced one after another
at shor-  of the tone generating channels always at a proper ter time
intervals while aftersound of a tone in a  priority even when the channels
generate tones lower tone range is still being produced. With the  having
different decay times. conventional methods, however, it has been impos-
is  According to a first aspect of the invention, sible to achieve such a
performance. More specifi-  there is provided an electronic musical
instrument cally, to achieve such a performance, a key cor-    as claimed
in claim 1. responding to the tone in the lower tone range is
According to a second aspect of the invention, first released, and then
keys corresponding to the  there is provided an electronic musical
instrument tones in the higher tone range are depressed one   20  as
claimed in claim 9. after another. And therefore, it is possible that the
According to a third aspect of the invention, tone in the lower tone range
is detected as the    there is provided an electronic musical instrument
tone of the lowest level when one of the keys in the  as claimed in claim
17. higher tone range is depressed. It is also possible    Examples of the
invention will now be de- that the envelope level data of the tone in the
lower  25  scribed with reference to the accompanying draw- tone range
becomes the smallest of all when one    ings, in which:- of the keys in the
higher tone range is depressed.    Fig. I is a block diagram of an
electronic musi- Further, there is a possibility that the tone in the  cal
instrument 10 provided in accordance with a lower tone range is detected as
the tone whose        first embodiment of the invention; key is the
earliest released key. As a result, gen-  30  Fig. 2 is a graph showing the
relation between a eration of the tone in the lower tone range is
note pitch (or a note range) and a value of the forcibly stopped. Such
phenomena are conspicu-        weighting data read from the weight data ROM
ous particularly when the decaying time of each       22 shown in Fig. 1;
tone is controlled in accordance with the tone pitch  Fig. 3 is an
illustration showing various registers or tone range of the tone. Thus,
with the conven-  35  provided in the RAM 18 shown in Fig. 1; tional
methods, it has been impossible to achieve a   Fig. 4 is a flow chart of
the main routine ex- performance of a music equal in effect to that
ecuted by the central processing unit (CPU) 17 achieved with a piano.
shown in Fig. 1; As described above, with the conventional          Fig. 5
is a flow chart of the key-on processing electronic musical instruments, it
has been impos-  40    routine executed at the step 31 shown in Fig. 4;
sible to cause a specific one of tones generated      Fig. 6 is a flow
chart of the key-off processing respectively by all the tone generating
channels to   routine executed at the step 31 shown in Fig. 4; continue to
be generated irrespective of the tone     Fig. 7 is a block diagram of an
electronic musi- level or order of releasing of the corresponding key  cal
instrument 10a provided in accordance with 



of the specific tone.                          45     a second embodiment
of the invention; It is therefore an object of the present invention  Fig.
8 is a flow chart of part of the key-on to provide an electronic musical
instrument having    processing routine executed by the CPU 17 of a
predetermined number of tone generating chan-       Fig. 7; nels in which
tones each to be generated with a       Fig. 9 is a block diagram of an
electronic musi- long decay time can be fully generated even when   50  cal
instrument 10b provided in accordance with many other tones are required to
be generated one     a third embodiment of the invention; after another at
short time intervals.                Fig. 10 is an illustration showing
various register It is another object of the invention to provide   areas
provided in the RAM 18b of Fig. 9; such an electronic musical instrument in
which a      Fig. 11 is a flow chart of the main routine new tone to be
generated can be assigned to the   55  executed by the CPU 17 of Fig. 9;
tone generating channel which is generating one of    Fig. 12 is a flow
chart of the key processing decaying tones other than a specific decaying
tone    routine executed at the step 71 of Fig. 11; when all of the tone
generating channels are gen- 3    (err)  EP 0 204 122 B1
6 Fig. 13 is a flow chart of the lower-pitch tone      Fig. 27; and search
routine executed at the step 90 of Fig.       Fig. 34 is a flow chart of
the channel search 12;
routine used in a modified form of the electronic Fig. 14 is a flow chart
of the channel search        musical instrument 10d of Fig. 24 routine
executed at the step 100 of Fig. 12;  5       A first embodiment of the
present invention will Fig. 15 is a flow chart of the DF interrupt routine
now be described with reference to Figs 1 to 6. executed by the CPU  17 in
response to the            Fig. 1 is a block diagram  of an electronic
signal DF outputted from the musical tone gen-    musical instrument 10
provided in accordance with erating circuit 14b of Fig. 9;
the first embodiment of the invention. The elec- Fig. 16 is a block diagram
of an electronic   10  tronic musical instrument 10 comprises a keyboard
musical instrument 10c provided in accordance     11 having a plurality of
keys each for designating a with a fourth embodiment of the invention;
pitch of a tone to be generated and a control Fig. 17 is an illustration
showing the general    switch panel 12 which includes a plurality of switch
register GNRc provided in the RAM I8c of Fig.     levers (or buttons) for
selecting tone colors, tone 16;                                          15
volumes and the like of tones to be generated. The Fig. 18 is a flow chart
of the main routine       electronic musical instrument 10 further
comprises executed by the CPU 17 of Fig. 16;                a microcomputer
section 13 which controls a musi- 



Fig. 19 is a flow chart of the key processing     cal tone generating
circuit 14 in accordance with routine executed at the step 71 a of Fig. 18;
outputs from  the keyboard 11 and the control Fig. 20 is a flow chart of
the lower-pitch tone   20  switch panel 12. range channel search routine
executed at the          The keyboard 11 is connected to a key switch step
120 of Fig. 19;                              circuit 11a which comprises a
plurality of key Fig. 21 is a flow chart of the DF interrupt routine
switches corresponding respectively to the keys on executed by the CPU 17
in response to the         the keyboards 11. Each of the key switches is
signal DF outputted from the musical tone gen-   25  closed when the
corresponding key on the key- erating circuit 14b;
board 11 is depressed. Outputs of the respective Fig. 22 is a flow chart of
the tone range setting  key switches of the key switch circuit 11a are
routine used in a modified form of the electronic  supplied to the
microcomputer section 13 through musical instrument 10c of Fig. 16;
a signal bus 15. The control switch panel 12 is Fig. 23 is a flow chart the
tone range setting   so  connected to a control switch circuit 12a which
routine used in another modified form of the      comprises a plurality of
control switches, whose electronic musical instrument 10c of Fig. 16;
ON/OFF states are determined respectively by the Fig. 24 is a block diagram
of an electronic      switch levers for controlling tone colors, and vari-
musical instrument 10d provided in accordance     able resistors whose
resistance values are deter- with a fifth embodiment of the invention;
35   mined by the switch levers for controlling tone Fig. 25 is an
illustration showing envelope       volurnes. Outputs of the control switch
circuit 12a waveforms produced in the electronic musical      are supplied
through the signal bus 15 to the instrument 10d of Fig. 24;
microcomputer section 13. Fig. 26 is an illustration showing various
register   The microcomputer section 13 comprises a areas provided in the
RAM 18d of Fig. 24;    40   program ROM (read only memory) 16 for storing
of Fig. 27 is a flow chart of the main routine         programs which will
be described later, a central executed by the CPU 17 of Fig. 24;
processing unit (hereinafter referred to as "CPU") Fig. 28 is a flow chart
of the key processing     17 for executing the programs and a RAM (random
routine executed at the step 71b of Fig. 27;      access memory) 18 having
therein working areas Fig. 29 is a flow chart of the channel search   45
for temporarily storing data and variables neces- routine executed at the
step 190 of Fig. 28;      sary for executing the programs. The CPU  17 Fig.
30 is a flow chart of the time interrupt    begins to execute the programs
when power is routine executed by the CPU -17 in response to    supplied to
this electronic musical instrument 10. the interrupt signal outputted from
the timer 162     The CPU 17 scans the key switches in the key of Fig. 24;
50  switch circuit 11 a to detect depression and release Fig. 31 is a flow
chart of the channel data       of keys on the keyboard 11 and outputs key
codes setting routine executed at the step 200 of Fig.  KC representative
of such keys together with key- 28;
on signals KON. The key-on signal KON is a signal 



Fig. 32 is an illustration showing the relation   which is "1" when the
corresponding key is de- between the priority data PRD and the tone   55
pressed or being depressed, and is "0" when the pitch;
corresponding key is released or not depressed. Fig. 33 is a flow chart of
the sustain pedal      The CPU 17 also scans the switches in the control
processing routine executed at the step 170 of    switch circuit 12a to
detect the selected tone color, 4    7                 EP 0 204122 B1
8 and outputs tone color data TCD representative of   velope level data EGL
so that the channel generat- the selected tone color.
ing the most decayed tone is detected in accor- The key codes KC and the
tone color data        dance with weighted envelope level data EGL'. TCD
are supplied through the signal bus 15 to the      The RAM 18 comprises, as
shown in Fig. 3, a musical tone generating circuit 14 which has a   5
key-code register area KCR for storing key codes plurality of tone
generating channels (the number   KC indicative of the keys assigned to the
respec- of channels is "N" in this embodiment) each for     tive tone
generating channels, a key-on register generating a tone. In this case, the
key codes KC   area KOR for storing states of the keys assigned to are
assigned to different ones of the tone generat-  the respective tone
generating channels, and a ing channels, and only those of the channels to
10  general register area GNR for storing other data. which the key codes
KC are assigned generate           The key-code register area KCR comprises
tones determined respectively by the assigned key  first to Nth key-code
registers KCR(1) to KCR(N) codes KC. The key codes KC and the tone color
corresponding respectively to the first to Nth tone data TCD are also
supplied together with the key-   generating channels of the musical tone
generating on signal KON to an envelope generator 19. The   15  circuit 14.
Each of the key-code registers KCR(1) envelope generator 19 generates an
envelope sig:    to KCR(N) stores therein the key code KC of the nal EV
having a wave-shape determined by the        key assigned to the
corresponding tone generating tone color data TCD with respect to each of
the     channel. In this embodiment, the key code KC key codes KC, and
outputs the generated envelope   takes a greater value when it represents a
key of a signals EV respectively to the corresponding tone   20
higher-pitch tone, and takes a smaller value when it generating channels of
the musical tone generating  represents a key of a lower-pitch tone.
circuit 14 to thereby control amplitude envelopes of   The key-on register
area KON comprises first the respective tones. Thus, the tone generating
to Nth key-on registers KON(1) to KON(N) cor- channels of the musical tone
generating circuit 14  responding respectively to the first to Nth tone
generate musical tone signals having pitches deter-  25  generating
channels of the musical tone generating mined respectively by the key codes
KC assigned     circuit 14. Each of the key-on registers KON(1) to 



thereto, and amplitudes of the thus generated       KON(N) stores therein
data representative of the musical tone signals are controlled in
accordance   key-on signal KON of the key assigned the cor- with the
envelope signals EV, respectively. The   responding tone generating
channel. Each of the musical tone signals outputted from the musical  30
data or key-on data is "1" when the corresponding tone generating circuit
14 are amplified by an am-  key is depressed or being depressed, and is "0"
plifier 20 and thence supplied to a loudspeaker 21  when the corresponding
key is released or not to thereby generate musical sounds.
depressed. The envelope generator 19 also outputs en-          The general
register area GNR includes a key- velope level data EGL representative of a
current  35  code register KCODE, an envelope level register level or
amplitude of the envelope signal EV with   EL, a truncate channel register
ACH, a channel respect to each of the tone generating channels.    number
register KCH, a weight data register WL The envelope level data EGL are
supplied through    and other registers. The key-code register KCODE the
signal bus 15 to the microcomputer section 13.  stores therein the key-code
KC of the key which is Also connected to the signal bus 15 is a weight  40
currently scanned by the CPU 17. The envelope data ROM 22 for storing a
series of weighting data.  level register EL stores therein the smallest
one of The key codes KC or data representative of pitches  the envelope
level data EGL corresponding respec- of the tone to be generated by the
musical tone    tively the tone generating channels. The truncate
generating circuit 14 are supplied to the weight    channel register ACH
stores a channel number of data ROM 22 as address data. Alternatively, data
45  that channel to which the smallest envelope level representative of
tone ranges to which tones to be  data is outputted. The channel number
register generated belong, respectively, are supplied to the  KCH stores a
channel number of that channel with weight data ROM 22 as the address data.
The         respect to which the microcomputer section 13 is weighting data
are stored in the weight data ROM    currently effecting processing of
data. The weight 22 as shown in Fig. 2 wherein the abscissa repre-  so
data register WL stores one of the weighting data sents the tone pitch or
tone range applied to the   which is read from the weight data ROM 22.
weight data ROM 22 as the addressing data, and         Figs. 4 to 6 are
flow charts showing the pro- the ordinate represents each value of the
weighting  cessing effected by the microcomputer section 3. data read from
the ROM 22. As will be seen from     The operation of this electronic
musical instrument Fig. 2, the higher the tone pitch or the tone range,  55
10 will now be described with reference to these the smaller the value of
the read weighing data.    flow charts. The weighting data stored in the
weight data ROM       When power is supplied to this electronic musi- 22
are used for giving proper weights to the en-    Cal instrument 10, the CPU
17 begins to execute 5    



9                  EP 0 204 122B1                     10 the program at
step 30 of the flow chart of Fig. 4,  the determination result at the step
37 is "NO", wherein the CPU 17 effects an initial setting to the  that is
to say, if the key assigned to the channel is various registers provided in
the RAM 18. At the     in the OFF state, the processing proceeds to the
next step 31, the CPU 17 scans the key switches     step 38. On the other
hand, if the determination of the key switch circuit 11a to detect
depression    5   result at the step 37 is "YES", that is to say, if the
and release of keys on the keyboard 11, and then     key assigned to the
channel is in the "ON" state, effects key-assigning processing which will
be later  the processing proceeds to the step 42. At the step described
with reference to the flow charts shown    38, the CPU 17 reads the key
code KC contained in Figs. 5 and 6. Upon completion of the process-   in
the key-code register KCR(KCH) designated by ing of the step 31. the CPU
scans the switches of  10  the channel number in the channel number
register the control switch circuit 12a to detects ON/OFF     KCH and reads
the weighting data from the ad- states thereof at the next step 32, and
effects a    dress of the weight data ROM  22 accessed in necessary
processing for determining tone color of   accordance with the read key
code KC. The weigh- the tones to be generated by the musical tone
ting data thus read from the weight data ROM 22 is generating circuit 14 in
accordance with the de-  15  stored into the weight data register WL. At
the next tected ON/OFF states. At the step 32, the CPU 17     step 39, the
CPU 17 reads from the envelope also reads the resistance values of the
variable     generator 19 the envelope level data EGL des- resistors in the
control switch circuit 12a to deter-  ignated by the channel number in the
channel mine levels or volumes of the tones to be gen-       number
register KCH (or the envelope level data erated by the musical tone
generating circuit 14. At   20   EGL(KCH)), and weights the read envelope
level the next step 33, the CPU 17 outputs the various     data EGL(KCH)
with the aforesaid weighting data to data obtained in the steps 31 and 32
(e. g., the key  form the weighted envelope level data EGL'(KCH). codes KC,
the tone color data TCD and the data       At the next step 40, the CPU 17
determines wheth- KON representative of the key-on signals all as-     er
the weighted envelope level data EGL'(KCH) is signed to the tone generating
channels) to the   25  smaller than the contents of the envelope level
musical tone generating circuit 14 and the en-       register EL. If the
determination result at the step velope generator 19.
40 is "YES", the processing proceeds to the step The key-assigning
processing effected at the     41 wherein the channel number contained in
the step 31 includes key-on processing and key-off        channel number
register KCH is stored in the trun- processing which are shown respectively
in Figs. 5   30  cate channel register ACH and at the same time and 6. The
key-on processing shown in Fig. 5 is     the weighted envelope level data
EGL'(KCH) is effected when the CPU 17 detects a newly de-         stored in
the envelope level register EL. Then, the pressed key which should be
assigned to a proper     processing proceeds to the next step 42. On the
one of the tone channels. On the other hand, the     other hand, if the
determination result at the step key-off processing shown in Fig. 6 is
effected when   35  40 is "NO", the processing proceeds to the step 



a newly released key is detected.                    42. At the step 42,
the CPU 17 determines whether The key-on processing will now be described
the channel number contained in the channel num- with reference to Fig 5.
At step 35, the CPU 17      ber register KCH is the maximum value of "N'.
If stores the key code KC representative of the newly  the determination
result at the step 42 is "NO", the depressed key into the key-code register
KCODE,   40   processing returns to the step step 36. Thus, the 'sets both
of the channel number register KCH          processing in the loop LI is
carried out N times. and the truncate channel register ACH to "0", and
And when the channel number contained in the stores the maximum value into
the envelope level     channel number register KCH reaches "N", the
register EL. A loop Li including steps 36 to 42 and  determination  result
at the step 42 becomes a return path from the step 42 to the step 36 is  45
"YES", so that the processing proceeds to step 43. provided for detecting
the channel to which the      In this case, the truncate channel register
ACH smallest one of the envelope level data is applied,  contains the
channel number of that tone generat- that is, the truncate channel. At the
step 36, the   ing channel which corresponds to the smallest one CPU 17
increments the contents of the channel        of the weighted envelope
level data EGL'. number register KCH by one to indicate the next  60     At
the step 43, it is determined whether the tone generating channel with
respect to which this   contents of the truncate channel register ACH is
key-on processing should be effected. In this case,  "0". If the keys
assigned to all the tone generating the contents of the channel number
register KCH      channels are in the ON states, the processing of become
"1". At the next step 37, the CPU 17          the step 41 is never carried
out, so that the con- determines whether the contents of the key-on   55
tents of the truncate channel register ACH become register KON designated
by the channel number in     equal to "0". In this case, this key-on
processing is the channel number register KCH (that is, the con-
terminated, and the processing returns to the main tents of the key-on
register KON(KCH)) is "1". If    routine of Fig. 4. On the other hand, if
there is a 6    11                 EP 0 204 122 B1                    12
channel to which the newly depressed key can be     stopped. assigned, the
contents of the truncate channel reg-    A second embodiment of the
invention will now ister ACH contains a value other than "0". Con-     be
described. sequently, the determination result at the step 43     Fig. 7
shows a block diagram of an electronic becomes "NO", so that the processing
proceeds to   5   musical instrument 10a provided in accordance the next
step 44. At this step 44, the key code KC  with the second embodiment of
the invention. The of the newly depressed key contained in the key-
aforesaid first embodiment uses the envelope level code register KCODE is
stored into the key-code     data EGL to select a truncate channel, that
is, the 



register KCR(ACH) designated by the channel         tone generating channel
to which a newly de- number held in the truncate channel register ACH.  10
pressed key is assigned, whereas this electronic Also, "1" is stored in the
key-on register KON-     musical instrument 10a uses decay time data DTD
(ACH) designated by the channel number con-         outputted from a decay
simulator 50 to select a tained in the truncate channel register ACH. Then,
truncate channel. the processing returns to the main routine of Fig. 4.
The decay simulator 50 simulates decays of The key-off processing will now
be described   is  tones generated respectively by the tone generat- with
reference to Fig. 6. At step 45, the CPU 17   ing channels of the musical
tone generating circuit stores the key code KC representative of the newly
14. The decay simulator 50 comprises, for exam- released key into the
key-code register KCODE,      pIe, first to Nth accumulators for
respectively accu- and resets the channel number register KCH to
mulating decay time control parameters assigned "o". At the next step 46,
the CPU 17 increments  20  to the first to Nth tone generating channels of
the the contents of the channel number register KCH     musical tone
generating circuit 14, the accumula- by one. At step 47, it is determined
whether the   tions being effected by sequential additions or sub- key code
KC contained in the key-code register      tractions. For example, each of
the accumulators of KCR(KCH) designated by the channel number held     the
decay simulator 50 accumulates the corre- in the channel number register
KCH coincides with  25  sponding decay time control parameter at a pre- the
key code KC in the key-code register KCODE.     determined time interval
from the time when the If the determination result at the step 47 is "YES",
key-on signal KON of the key assigned to the the processing proceeds to the
next step 48 at      corresponding tone generating channel changes '  which
the key-on register KON(KCH) designated by    from "1" to "0". The results
of the accumulations the channel number contained in the channel num-   30
of the decay time control parameters are outputted ber register KCH is
reset to "O". Then, the pro-   from the respective accumulators as the
decay cessing proceeds to the next step 49. On the other  time data DTD.
Thus, the more the tone from the hand, if the determination result at the
step 47 is  tone generating channel decays, the greater the "NO", the
processing proceeds from the step 47 to   decay time data DTD corresponding
to the channel the step 49. At the step 49, it is determined wheth-  35
becomes. In this case, the key code KC of the key or the channel number
held in the channel number    assigned to the tone generating channel can
be register KCH is equal to "N". If the determination  uses as the decay
time control data DTD therefor. result at the step 49 is "NO", the
processing re-   Each key code KC includes in its higher-order bits turns
to the step 46. On the other hand, this key-off  a block code BC
representative of a key range to processing terminates if it is determined
at the step   40   which the key belongs and includes in its lower- 49 that
the channel number in the channel number    order bits a note code NC
representative of a note register KCH is equal to "N". According to this
of the key within the key range. And therefore, if key-off processing, "0"
is stored in the key-on     higher order bits of each key code KC are used
as register KON corresponding to the tone generating   the decay time
control parameter, the decay time 



channel to which the newly released key is as-  45  data DTD of a higher
pitch key increases at a signed.
higher rate than that of a lower pitch key. Thus, in this embodiment, the
envelope level        To select a truncate channel, each of the de- data
EGL to the respective tone generating chan-    cay time data DTD is
inverted to produce data nels are so modified that the lower a tone pitch
or  DTD which decrease with decay of tone. Each of a tone range of a newly
depressed key, the more  50  the thus produced data DTD is weighted with
the gently the corresponding envelope level data de-    corresponding
weighting data read from a weight creases. And, the tone generating channel
to which  data ROM 22a to form weighted data DTD'. Then, the newly
depressed key is assigned is selected     these weighted data DTD' are
compared with each based on these modified envelope level data EGL'.
other to select a truncate channel. Thus, an assignment of a newly
depressed key to  55    The above processing can be achieved by the tone
generating channels can be effected such   modifying the steps 39 to 41 of
Fig. 5 into steps 59 that generation of a tone in the lower tone range is
to 61 of Fig. 8. In Fig. 8, when the processing of kept over a long decay
time and will not forcibly be  the step 38 is completed, the processing
proceeds 7    13                 EP 0 204 122; B1                   14 to
the step 59. At the step 591 the CPU 17 reads   eration of the tone of the
key precedingly assigned from the decay simulator 50 the decay time data
to the same channel. Alternatively, the assignment DTD designated by the
channel number in the        of the newly depressed key may be performed
channel number register KCH (or the decay time      after causing the tone
of the precedingly assigned data DTD(KCH)), and inverts it. The CPU 17 then
5   key to be rapidly decayed. Also, this embodiment weights the inverted
decay lime data DT(KCH)        can be easily be modified so that the
assignment with the weighting data read from the weight data  of newly
depressed keys in the aforesaid manner is ROM 22a to form the weighted
decay time data       effected only when specific tone colors such as a
mines whether the weighted decay time data DTD-  to    A third embodiment
of the invention will now (KCH) is smaller than the contents of the
envelope  be described. level register EL. If the determination result at
the  Fig. 9 is a block diagram  of an electronic step 60 is "YES". the
processing proceeds to the    musical instrument 10b provided in accordance
step 61 wherein the channel number contained in      with the third
embodiment of the invention. The the channel number register KCH is stored
in the   15  electronic musical instrument 10b differs from the truncate
channel register ACH and at the same       electronic musical instrument of
Fig. 7 In the fol- time the weighted decay time data DTD'(KCH) is
lowing respects: stored in the envelope level register EL. Then, the    A
musical tone generating circuit 14b has a 



processing proceeds to the next step 42. On the     plurality of tone
generating channels of which num- other hand, if the determination result
at the step   20  ber is smaller than the number of keys of the 90 is "NO",
the processing proceeds directly to the  keyboard 11. Each of the tone
generating channels step 42.
generates a tone signal having a pitch, a tone color If the decay simulator
50 is so arranged that   and an envelope which are determined by a key each
decay time control parameter is weighted with  code KC and data
representative of the states of the corresponding weighting data before
accumula-  25  the control switches in the control switch circuit tion, the
CPU 17 only reads and inverts the decay   12a. Each of the tone generating
channels also time data DTD at the step 59. In this case, how-    outputs a
tone generation termination signal DF to ever, the CPU 17 must weight each
of the key       the CPU 17 through the signal bus 15 when gen- codes KC of
the keys assigned to the respective      eration of the tone is terminated.
If a sustaining- channels with corresponding weighting data read   30  type
tone of, for example, a flute, a violin and the from the weight data ROM
22a, and output the       like is selected by the control switch panel 12,
the weighted key codes to the decay simulator 50. The  tone generating
channel generates a tone signal weighting data stored in the weight data
ROM 22a    having an envelope which rapidly rises upon de- in this case is
of Such a kind that the value thereof  pression of a key on the keyboard
11, maintains a increases with the increase of tone pitch or tone   35
constant amplitude during the depression of the range.
key and gradually decays from the release of the In this embodiment. the
decay time data DTD     key. Then, when the signal level of the tone signal
are formed by the decay simulator 50 as described   becomes substantially
equal to zero, the tone gen- above. It will be however apparent that
formation of  erating channel outputs the tone generation ter- such decay
time data DTD can alternatively be   40   mination signal DF indicative of
the termination of achieved by the CPU 17.
generation of the tone and also outputs data DFch The above arrangement, in
which selection of a  representative of that tone generating channel
truncate channel is achieved by the use of the      which has just
terminated the generation of the decay simulator 50, is particularly
suitable for the  tone. On the other hand, if a decaying-type tone of,
electronic musical instrument 10a wherein both of  45  for example, a
piano, a guitar and the like is the musical tone generating circuit 14 and
the      selected by the control switch panel 12, the tone envelope
generator 19 are of the analog-circuit     generating channel generates a
tone signal having type. More specifically, with the above arrange-    an
envelope which rapidly rises upon depression of ment, the envelope
generator 19 need not transfer   a key on the keyboard 11, begins to
gradually data representative of the envelope signal EV to  50  decay
irrespective of release of the key upon the CPU 17, so that the envelope
generator 19 can  reaching a predetermined signal level, continues to be
designed only taking into consideration the rela-  gradually decay during
the depression of the key, tion with the musical tone generating circuit
14.   and rapidly decays when the key is released dur- In this embodiment,
when a selection of the     ing the gradual decay thereof. Then, when the 



tone generating channel to which a newly de-  55  signal level of the tone
signal becomes substan- pressed key is to be assigned is achieved, the
tially equal to zero. the tone generating channel newly depressed key is
immediately assigned to      outputs the tone generation termination signal
DF the selected channel with the abrupt stop of gen-  indicative of the
termination of generation of the 8    15                 EP 0 204 122 B1
16 tone and also outputs data DFch representative of    channel number data
ACHN which represents the that tone generating channel which has just
termi-   channel number of that channel to which a newly nated the
generation of the tone. The musical tone   depressed key is assigned (or
the truncate chan- generating circuit 14b is also so constructed that
nel). The assigned channel register area ACHR time constants for
determining the shape of attack    5   also comprises an assigned channel
status register and decay portions of an envelope for a lower pitch  ACHDR
for storing assigned channel status data tone are greater than those for a
higher pitch tone.  ACHD relating to that channel indicated by the And
therefore, a decay time of a lower pitch tone is  assigned channel number
data ACHN. longer than that of a higher pitch tone, as is the      The
key-on and operated switch detection reg- case with piano tones. The number
N of the tone   10  ister area KORb shown in Fig. 10-(d) comprises a
generating channels is set to from several to more   key status memory
KEYMEM composed of a plu- than ten.
rality of bits equal in number to the keys of the A microcomputer section
13b is similar in con-   keyboard 11 each for storing data of "1" or "0"
struction to the microcomputer section 13a of Fig.   respectively
representing depression and release 7 but is responsive to the tone
generation termina-   15  of a respective one of the keys. The key-on and
tion signal DF for executing an interrupt routine,   operated-switch
detection register area KORb also which will be described later, to thereby
process    comprises  a  control-switch  status  memory data stored in a
RAM 18b for terminating genera-     SWMEM composed of a plurality of
storage posi- tion of the tone.                                   tions
equal in number to the control switches and As shown in Fig. 10, the RAM
18b comprises,  20  the variable resistors each for storing an ON/OFF in
addition to the key-code register area KCR (Fig.  state or resistance value
of a respective one of the 10-(a)), a channel status register area CHSR for
control switches and the variable resistors. The storing operating states
of the tone generating      key-on and operated switch detection register
area channels of the musical tone generating circuit 14b  KORb further
comprises an event data register (Fig. 10-(b)), and an assigned channel
register area   25  section EVTR having a plurality of registers for ACHR
for storing assigned channel data for des-      storing key-on event data
representative of key-on ignating the channel (or the truncate channel) to
events on the keyboard 11 and control-switch event 



which a key newly depressed on the keyboard 11       data representative of
events relating to operation is to be assigned (Fig. 1 0-(c)). The RAM  18b
of the control switch levers on the control switch further comprises a
key-on and operated-switch   30   panel 12. detection register area KORb
(Fig. 10-(d)) used to       The general register area GNR shown in Fig.
detect key depressions and operations of the con-    10-(e) comprises a
pointer register PR used as a trol switches, and general register area GNRb
(Fig.  pointer for sequentially renewing the channel num- 10-(e)) used to
effect a calculation of channel as-  ber during the time when a
lowest-pitch tone signment and other calculations.                35
search routine or a channel search routine, which Each key code KC
representative of the cor-      will be described later, is executed. The
general responding key increases with the increase of pitch  register area
GNRb also comprises a lowest-pitch of the key, but does not take a value
which is      tone register LKCR for storing the key code KC of composed of
bits all in the state of "1".           the lowest-pitch one of those keys
assigned to the The channel status register area CHSR shown   40  channels
which are generating decaying tones. The in Fig. 10-(b) comprises first to
Nth channel status  general register area GNRb further comprises a
registers CHSR(1) to CHSR(N) corresponding re-      lowest-pitch tone
channel register LCHR for storing spectively to the first to Nth tone
generating chan-  ; lowest-pitch tone channel number data indicative of
nels of the musical tone generating circuit 14b,    that tone generating
channel which is generating each of which stores channel status data repre-
45  the above-described lowest-pitch tone, and other sentative of state of
that key which is assigned to  registers for storing variables or the like
necessary its corresponding tone generating channel. The       for the
calculation effected by the microcomputer channel status data indicates
that the assigned key  section 13b. is in the ON state when the MSB thereof
is "0",         The operation of the electronic musical instru- and
indicates that the assigned key is in the OFF   so   ment 10b will now be
described with reference to state when the MSB is "1". The remaining lower
flow charts shown in Figs. 11 to 15. bits of the channel status data
represent the lapse     When power is supplied to the electronic musi- of
time from depression or release of the assigned   cal instrument 10b, the
CPU 17 starts to execute a key, and the value thereof increases with the
in-    main routine shown in Fig. 11. The CPU 17 effects crease of such
lapse of time.                   55  an initial setting processing at step
70 for initializ- The assigned channel register area ACHR          ing the
RAM 18b. At this step 70, all of bits of the shown in Fig. 10-(c) comprises
an assigned chan-     key status memory KEYMEM, event data register nel
number register ACHNR for storing assigned       section EVTR, pointer
register PR, lowest-pitch 9    17                 EP 0 204 122 B1
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tone channel register LCHR and the other registers   switch data coincide
respectively with those al- are reset to "O". On the other hand, all of
bits of  ready stored, the rewriting and output of the control the first to
Nth key-code registers KCR(1) to KCR-   switch data are not effected. (N),
first to Nth channel status registers CHSR(1) to   Upon completion of the
steps 73, the CPU 17 CHSR(N), assigned channel status register ACHDR    5
returns the processing to the step 71. Thus, the and lowest-pitch tone
register LKCR are rendered     CPU 17 repeatedly carried out the steps 71
to 73 "I". Also, the contents of the assigned channel     to control the
generation of tones by the musical number register ACHNR are rendered "1".
The          tone generating circuit 14b in accordance with the CPU 17
further writes data representative of opera-  operation of the keyboard 11
and the control switch tion states of the control switch levers and
variable  10  panel 12. resistors of the control switch panel 12 in accor-
The key processing routine executed by the dance with control switch status
signals fed from    CPU 17 at the step 71 will now be more fully the
control switch circuit 12a. These data are also  described with reference
to the flow chart shown in supplied to the musical tone generating circuit
14b  Fig. 12. to determine the tone color and tone levels of the   15  At
step 80, the CPU 17 detects depression and tone to be generated thereby.
release of keys on the keyboard 11. In this case, Upon completion of the
initial setting process-  the CPU 17 scans all the key switches from the
ing described above, the CPU 17 executes a key       highest-pitch tone
side or the lowest-pitch tone processing routine at the next step 71. At
this step  side to inputs ON/OFF states of the key switches 71, the CPU 17
executes respective routines whose   20  as new key-status data. The CPU 17
then com- low charts are shown in Figs. 12 to 14 to thereby  pares each of
the new key-status data with a re- control the generation of tones in
accordance with   spective one of those stored in the key status depression
and release of keys on the keyboard       memory KEYMEM to thereby detect
changes of 11.                                                  ON/OFF
states of the keys. More specifically, when At the next step 72, the CPU 17
detects the   25  the new key-status data is "1" and when the cor- states
of the control switch levers of the control   responding key-status data
stored in the key status switch panel 12, and then outputs the detection
memory KEYMEM (i.e., the corresponding old key- results to the musical tone
generating circuit 14b,  status data) is "O". the CPU 17 determines that
the at step 73, to thereby control the tone color and the  corresponding
key is newly depressed on the key- tone levels of the tones generated. At
the step 72,  30   board 11. In this case, the CPU 17 stores the new the
CPU 17 reads the states of the control switches  key-status data of "1 "
into that storage position of in the control switch circuit 12a and the
resistance  the key status memory KEYMEM  which corre- values of the
variable resistors in the control switch  sponds to the newly depressed
key, and also circuit 12a as new control switch data. The CPU 17   stores,
as a key-on event data, the key code KC then compares each of the new
control switch data  35  representative of the newly depressed key and an
with a respective one of those control switch data   identification data,
indicating that the key is newly 



which have already been stored in the control        depressed, into a
register in the event data register switch status memory SWMEM. If there is
any          section EVTR. When the new key-status data is difference
between the two data, then it is deter-   "O" and when the corresponding
old key-status -iined that the control switch lever or the variable  40
data is "1 ", the CPU 17 determines that the cor- sistor corresponding to
these two data. is op-        responding key is newly released on the
keyboard erated, and the new control switch data corre-       11. In this
case, the CPU 17 stores the new key- sponding to this control switch lever
or the variable  -status data of "0" into that storage position of the
resistor is stored in the corresponding storage posi-  key status memory
KEYMEM which corresponds to tion of the control switch status memory SWMEM.
45  the newly released key, and also stores, as a key- At the same time,
the new control switch data is     off event data, a key code KC
representative of the written into a register in the event data register
newly released key and an identification data, in- section EVTR as a
control switch event data. At the  dicating that the key is newly released,
into a step 73, the CPU 17 determines whether there is      register in the
event data register section EVTR. any control switch event data in the
event data  so   The key codes KC may be formed from the con- register
section EVTR, and if it is determined that  tents of a scanning counter
(not shown) which there is one, the CPU 17 outputs the control switch
sequentially points the key switches corresponding event data and at the
same time clears it from the   respectively to the keys during the scanning
there- event data register section EVTR. The above op-      of. According
to the above-described scanning of eration is repeatedly carried out until
all of the   55  the key switches, when the detection of all the control
switch event data are cleared from the       states of the keys is
completed, all the key-on and event data register section EVTR. When it is
deter-  key-off event data corresponding to those keys mined at the step 72
that all of the new control     whose ON/OFF states have changed during the
10    19                 EP0204122B1                       20 period
between the preceding execution of the step  this channel status register.
Upon completion of the 80 and the present execution thereof are stored in
processing of the step 83c, the CPU 17 adds "1 " the event data register
section EVTR.               to all data contained in those of the first to
Nth The processing then proceeds to the next step   channel status
registers CHSR(1) to CHSR(N) of 81 at which the CPU 17 determines whether
there   s   which MSBs are "0". Thus, the later the key is is any key-on
event data in the event data register  depressed, the smaller data the
channel status section EVTR. If the determination result is "NO",  register
corresponding to the depressed key con- the CPU 17 further determines, at
step 82, whether  tains. The above four steps 83a to 83d constitute a there
is any key-off event data in the event data   key-on event processing
routine 83. When the pro- 



register section EVTR. When there has been no   10  cessing of the key-on
event processing routine 83 change of states of the keys on the keyboard
11,    is completed, the CPU 17 executes at the next step the results of
the above two determinations are     90 a lowest-pitch tone search routine
to detect the both "NO", so that this key processing routine is  tone
generating channel which corresponds to that terminated, and the processing
proceeds from the    of the currently generated musical tones which has
step 82 to the step 72 of Fig. 11.             15  the lowest pitch. At the
next step 100, the CPU 17 When a key has been depressed on the key-
executes a channel search routine to store, into the board 11, the CPU 17
detects the presence of its    assigned channel number register ACHNR, as-
key-on event data stored in the event data register  signed channel number
data ACHN indicative of section EVTR at the step 81, so that the determina-
the tone generating channel to which a key which tion result at the step 81
becomes "YES". Con-  20   will be depressed next is to be assigned. The
sequently, the processing proceeds to step 83a, at  lowest-pitch tone
search and channel search rou- which the CPU 17 outputs, to the musical
tone      tines will be more fully described later. Then, the generating
circuit 14b, key-on key data composed    processing returns from the step
100 to the step of the key code KC contained in that of the key-on  81. At
the step 81, the CPU 17 again detects the event data which is read from the
event data regis-  25  presence of key-on event data in the event data ter
section EVTR, the key-on data KON indicating    register section EVTR as
described above, and if that this key code KC is of a depressed key and
any key-on event data are detected, the CPU 17 the assigned channel number
data ACHN ("11" in      executes the key-on event processing routine 83 to
the initial condition) stored in the assigned channel  output key-on key
data and also carries out the number register ACHNR. As a result, the tone
30  processing of the steps 90 and 100. Thus, each generating channel
designated by the assigned      time the processing in a loop composed of
the channel number data ACHN begins to generate a       steps 81, 83a to
83d, 90 and 100 is carried out, tone signal of a pitch determined by the
key code  that of the key-on event data corresponding to the KC. In this
case, if the designated tone generating  outputted key-on key data is
cleared from the channel has already been generating another tone   35
event data register section EVTR, so that all the signal, the generation of
this another tone signal is  key-on key data of the newly depressed keys
are stopped, and the tone signal of the pitch des-      outputted to the
musical tone generating circuit ignated by the key code KC of the newly de-
1 4b. pressed key begins to be generated. When the           On the other
hand, when a key or keys has above change of generation of tone signal from
the   40  been released on the keyboard 11 and when all the another musical
tone signal to the newly desig-     key-on key data have been outputted or
there has nated musical tone signal, a click noise may be     been no new
depression of keys, the result of the generated. To avoid this, it is
desirable that -the  determination at the step 81 becomes "NO" since
aforesaid another tone signal be quickly reduced   there is no key-on event
data In the event data before beginning the generation of the musical tone
45  register section EVTR, whereas the result of the 



of the newly depressed key. The processing then     determination at the
step 82 becomes "YES" since proceeds from the step 83a to step 83b at which
there are key-off event data in the event data the CPU 17 stores the
outputted key code KC into   register EVTR. As a result, the processing
pro- the key code register KCR(ACHN) designated by       ceeds to step 84a
of a key-off event processing the assigned channel number data ACHN. Then,
at  50  routine 84. At this step 84a, the CPU 17 detects the next step 83c,
the CPU 17 resets all the bits of  that of the key-code registers KCR(1) to
KCR(N) the channel status register CHSR(ACHN) desig-       which contains
the same key code KC as that nated by the assigned channel number data ACHN
included in one of the key-off event data which is to "0", and also clears
the key-on event data thus  just read from  the event data register section
processed from the event data register section   ss  EVTR. The CPU 17 then
detects the channel num- EVTR. The reset of the bits of the channel status
ber of that tone generating channel which cor- register CHSR(ACHN) and the
clear of the cor-      responds to the detected key-code register as key-
responding key-on event data is the initialization of  off channel number
data OFFCH. At the next step 11    21                 EP 0 204 122 B1
22 84b, the CPU  17 outputs, to the musical tone        the lowest-pitch
tone register LKCR is compared generating Circuit 14b, key-off key data
which is    with the key code KC contained in the key-code composed of the
above key-off channel number         register KCR(1) which corresponds to
the first tone data OFFCH and key-off data KOFF indicating that
generating channel. When the first tone generating the relevant key is
released. The musical tone   5   channel is generating a tone signal, the
key-code generating circuit 14b causes, in response to the    register
KCR(1) contains therein the key code re- key-off data KOFF, that tone
generating channel      presentative of the generated tone signal, and the
which is designated by the key-off channel number    key code KC never
takes the value whose bits are data OFFCH to decrease the tone signal
generated     all "1". And therefore, the result of the determina- by
itself at a rate determined by the tone color and   10  tion effected at
this step 93 is "YES" in this case, key code K(C assigned thereto. The
processing        so that the processing proceeds to the next step then
proceeds to the next stop 84c at which the      94. At the step 94, the
data in the lowest-pitch tone CPU 17 sets the MSB of the channel status
regis-     channel register LCHR is replaced by the data in ter CHSR(OFFCH)
designated by the key-off chan-       the pointer register PR, i.e., the
data of "1". Also, nel number data OFFCH to "I" and resets the   15  the
data in the lowest-pitch tone register LKCR is remaining bits of the same
channel status register   replaced by the key code KC in the key-code
CHSR(OFFCH) to "0". The CPU 17 also clears the       register KCR(1), and
the processing proceeds to key-off event data thus processed from the event
the next step 95. On the other hand, if the first tone 



data register section EVTR. At the next step 84d,    generating channel is
not generating a tone signal, the CPU 17 adds "1" to all data contained in
those   20  the key-code register KCR(1) contains data whose of the channel
status registers CHSR(1) to CHSR-     hits are all "1" as a result of the
initial setting (N) of which MSBs are "1 ". Thus. the later the key
processing at the step 70 of Fig. 11 or processing is released, the smaller
data the channel status     effected by a OF interrupt routine which will
be register corresponding to the released key con-      described later.
And therefore, the result of the tains. When the processing of the key-off
event   25   determination effected by the CPU 17 at the step processing
routine 84 is completed, the processing   93 is "NO", so that the
processing proceeds di- returns to the step 81 through the steps 90 and
rectly to the step 95. At the step 95, the CPU 100. So long as there is any
key-off event data in   determines whether the data in the pointer register
the event data register section EVTR, the CPU 17      PR is equal to "N".
In this case, the data in the executes the programs defined by the steps
81.  30   pointer register PR is "1", so the determination 82, 84a to 84d,
90 and 100 to carry out the key-off  result is "NO". Consequently, the
processing re- event processing. When all of the key-off event      turns
to the step 92, whereupon "1" is added to data have been processed, this
key processing        the data contained in the pointer register PR to
routine is terminated and the processing returns to  cause it to become
"2". Then, the processing of the step 72 of Fig. 11.
35  the steps 93 to 95 is again carried out. The pro- The lowest-pitch tone
search routine executed    cessing in a loop composed of the steps 92 to 95
at the step 90 will now be more fully described with  is repeatedly carried
out until the data in the point- reference to the flow chart shown in Fig.
13.        er register PR becomes equal to "N". When the This lowest-pitch
tone search routine is pro-    data in the pointer register PR reaches "N",
the tided for detecting the tone generating channel   40   determination
result at the step 95 becomes which is generating one of the currently
generated     "YES", so that the processing proceeds to the next tone
signals which has the lowest pitch. When the    step 9. As a result of N
times of executions of the processing of the lowest-pitch tone search
routine   processing in the aforesaid loop, the data in the is started, the
CPU  17 effects, at step 91, an      lowest-pitch tone register LKCR is
rendered equal initialization of those registers of the general regis-  45
to the smallest one of the key codes KC stored in ter area GNR which are
used in this routine. More    the first to Nth key-code registers KCR(1) to
KCR- specifically, both of the pointer register PR and the  (N), that is,
the key code KC of the lowest-pitch lowest-pitch tone channel register LCHR
are reset   tone. Also, the data in the lowest-pitch tone chan- to "0", and
all the bits of the lowest-pitch tone    nel register LCHR is rendered
equal to the channel register LKCR are set to "1'". At the next step 92,
50   number of that key-code register which stores the the CPU 17 adds "1"
to data contained in the        key code KC representative of the
lowest-pitch pointer register PR to render the data "1". Then,  tone. At
the step 96, the CPU 17 stores data whose the CPU 17 determines, at the
next step 93, wheth-   bits are all "0" into the channel status register er
the data in the lowest-pitch tone register LKCR   CHSR(LCHR) designated by
the lowest-pitch tone 



is greater than the key code KC contained in the   55  channel number
stored in the lowest-pitch tone key-code register KCR(PR) designated by the
data     channel register LCHR. Then. the processing of in the pointer
register PR. In this case, the data in  this lowest-pitch tone search
routine Is terminated. the pointer register PR is "1". so that the data in
12    23                 EP 0 204 122 B1                     24 The channel
search routine executed at the        "NO". Consequently, the processing
returns to the step 100 will now be more fully described with       step
103, whereupon "1" is again added to the reference to the flow chart shown
in Fig. 14.        contents of the pointer register PR to render the This
channel search routine is provided for      data "3". Then, the processing
of the steps 104 to determining the tone generating channel to which    5
106 is again carried out. the newly depressed key is to be assigned, that
is,     The processing in a loop composed of the the truncate channel. When
the processing of the     steps 103 to 106 is repeatedly carried out until
the channel search routine is started, the CPU  17       data in the
pointer register PR becomes equal to stores data of "1" into the pointer
register PR at   "N" as a result of the sequential increment of the step
101. At the next step 102, the CPU 17 stores   10  data by "1". When the
data in the pointer register the data contained in the pointer register PR
into   PR reaches "N", the result of the determination the assigned channel
number register ACHNR, and      effected at the step 106 becomes "YES", so
that also stores the data contained in the channel status  the processing
of this channel search routine is register CHSR(PR) designated by the
contents of     terminated. As a result of.(N-1) times of executions the
pointer register PR into the assigned channel  15  of the processing in the
aforesaid loop, the as- status register ACHDR. In this case, the data in
the  signed channel status register ACHDR stores the pointer register PR is
"1 ", so that the data of "1 " is  largest one of the data contained in the
first to Nth stored into the assigned channel number register     channel
status registers CHSR(1) to CHSR(N), also ACHNR and that the data contained
in the first       the assigned channel number register ACHNR channel
status register CHSR(1) is stored into the   20  stores the data
representative of the channel num- assigned channel status register ACHDR.
The pro-     ber of the channel status register in which the cessing then
proceeds to the next step 103, at       largest data is stored. In this
case, each of the first which the CPU 17 adds "1" to the data in the
to Nth channel status registers CHSR(1) to CHSR- pointer register PR to
render the data "2". At the   (N) stores: next step 104, the data in the
channel status regis-  25  (1) data whose bits are all "1", if the corre-
ter CHSR(PR) designated by the contents of the         sponding tone
generating channel is not gen- pointer register PR is compared with the
assigned      erating a tone signal; 



channel status data ACHD stored in the assigned        (2) data whose MSB
and remaining bits respec- channel status register ACHDR. In this case, the
tively represent "1" and a value which increases contents of the pointer
register PR are "2", so that  30  with the lapse of time from the release
of the the data in the second channel status register         corresponding
key, if the corresponding tone CHSR(2) is compared with the assigned
channel          generating channel is generating a decaying status data
ACHD. When the data in the channel         tone signal; status register
CHSR(2) is greater than the as-        (3) data whose MSB and remaining
bits respec- signed channel status data ACHD, the determina-   35    tively
represent "0" and a value which increases tion result at the step 104
becomes "YES", so that     with the lapse of time from the depression of
the the processing proceeds to the next step 105. At       corresponding
key, if the corresponding tone this step 105, the data in the pointer
register PR is  generating channel is generating a tone signal of stored
into the assigned channel number register       the key which is being
depressed; or ACHNR, and the data in the channel status register   40  (4)
data whose bits are all "0", if the corre- CHSR(PR) designated by the data
in the pointer         sponding tone generating channel is generating
register PR is stored into the assigned channel        the tone signal
whose pitch is the lowest of the status register ACHDR. In this case, the
data in the   currently generated tone signals. pointer register PR is "2".
so that "2" is stored into   As will be appreciated from the above fact,
the the assigned channel number register ACHNR and   45  assigned channel
number ACHN in the assigned that the data in the second channel status
register  channel number register ACHNR represents: CHSR(2) is stored into
the assigned channel status     (a) the smallest one of the channel numbers
of register ACHDR. The processing then proceeds to        those tone
generating channels which are pres- the next step 106. On the other hand,
if the data in   ently generating no tone signals, if there is one the
channel status register CHSR(2) is equal to or   50  or more tone
generating channels which are smaller than the assigned channel status data
generating no tones; ACHD, the determination result at the step 104
(b) the channel number of that channel which is becomes "NO", so that the
processing proceeds          generating the tone of the earliest released
key, from this step 104 directly to the step 106. At the    if all of the
channels are generating tones and if step 106, the CPU 17 determines
whether the data  55    there are one or more channels which are gen- in
the pointer register PR is equal to "N". In this    erating tones of
released keys except for the case, the data in the pointer register PR is
"2", so   key corresponding to the lowest-pitch tone pres- that the
determination result at the step 106 is       ently generated; 13    25
EP 0 204 122 B1                     26 



(c) the channel number of that channel which is   code registers and the
channel status registers. generating the tone of the earliest depressed
And when the generation of tone signal is termi- key, if all of the
channels are generating tones  nated at any one of the tons generating
channels and if all of the channels except for the channel  of the musical
tone generating circuit 14b, the DF generating the lowest-pitch tone are
generating    5   interrupt routine composed of the steps 110 to 113 tones
of keys which are presently depressed.      is executed in response to the
termination of the The operation of each tone generating channel    tone
generation to renew the contents of the key- performed at the time when the
generation of tone    code registers and the channel status registers.
signal is terminated will now be described.          Then, the lowest-pitch
tone search routine com- When any one of the tone generating channels  10
posed of the steps 91 to 96 is executed in accor- terminates the generation
of tone signal, the musi-  dance with the key codes KC stored in the key-
cal tone generating channel Outputs the tone gen-  code registers to detect
the channel which is gen- eration termination signal DF and the tone
genera-   erating the lowest-pitch tone, and at the same time tion
termination channel data DFch to the micro-     the channel search routine
composed of the steps computer section 13b. When the tone generation   15
101 to 106 is executed to detect one of those termination signal DF and the
tone generation ter-   channels currently generating tones except for that
mination channel data DFch are received by the       channel which is
generating the lowest-pitch tone, microcomputer section 13b, the CPU 17
interrupts     as the channel to which a new key is to be as- the execution
of the main routine shown in Fig. 11   signed. And, when a key is newly
depressed on in response to the tone generation termination sig-   20  the
keyboard 11, the key is assigned to the de- nal DF and, instead of this,
begins to executes the  tected channel. Therefore, with this embodiment, DF
interrupt routine shown in Fig. 15.                 the tone in the
lower-pitch tone range will not At step 110, the CPU 17 renders all the
bits of  forcibly be stopped even when depression of keys the channel
status register CHSR(DFch) designated  is performed in a quick manner as is
the case with by the tone generation termination channel data  25   a
piano. Thus, it is possible to generate a plurality DFch "1". At the next
step 111, the CPU 17 also      of tones in the higher-pitch tone range one
after renders all the bits of the key-code register KCR-   another at short
time intervals while keeping the (DFch) designated by the tone generation
termina-   tone in the lower-pitch tone range sounded over a tion channel
data DFch "I ". The above two proces-   long period. sings are performed in
order to initialize the chan-   30  First to fifth modified forms of the
above third nel status register and the key-code register both   embodiment
will now be described. corresponding to the tone generating channel which
has just terminated the generation of tone     First modified form signal.
Upon completion of the processing of the step 111, the CPU 17 executes the
lowest-pitch   35     The aforesaid electronic musical instrument tone
search routine shown in Fig. 13 at step 112,    10b is so constructed that
only the channel which 



and then executes the channel search routine        is generating the
lowest-pitch tone is prevented shown in Fig. 14 at step 113. When the
processing    from being assigned a newly depressed key. The of the step
113 is completed. this DF interrupt     instrument 10b may, of course, be
modified so that outine is terminated, and the execution of the main   40
those channels which are generating the lowest two routine resumes. The
processing at the steps 112       or three of the currently generated tones
are pre- and 113 is performed since the contents of the       vented from
being assigned newly depressed keys. channel status registers CHSR(1) to
CHSR(N) .and  This can be achieved by modifying the lowest-pitch of the
key-code registers KCR(1) to KCR(N) are      tone search routine of Fig. 13
so that after the changed by the processing of the steps 110 and   45
lowest-pitch tone is detected by the processing of 111, and the renewal of
the lowest-pitch tone and    the steps 91 to 96, the same processing is
per- the channel to which the new key is to be assigned   formed once or
twice more with respect to keys must be effected with these new contents.
except for the detected lowest-pitch key. With the above arrangement, when
a key or            The electronic musical instrument 10b can also keys is
depressed on the keyboard 11, the key-on   50   be modified so that the
channels generating those event processing routine 83 (Fig. 12) is executed
in  tones which are within a predetermined width (for accordance with the
key-on event data to renew       example, one octave) of tone range whose
lower the data in the key-code registers KCR(1) to KCR-    end is the
generated lowest-pitch tone are pre- (N) and the channel status registers
CHSR(1) to      vented from being assigned newly depressed keys. CHSR(N).
When a key or keys is released on the   55   This can be achieved by
modifying the lowest-pitch keyboard 11, the key-off event processing
routine    tone search routine of Fig. 13 as follows. When the 84 (Fig. 12)
is executed in accordance with the      lowest-pitch tone is detected by
the processing of key-off event data to renew the data in the key-    the
steps 91 to 96, a predetermined value is added 14    27                 EP
0 204 122 B1                    28 to the key code KC of the detected
lowest-pitch     be modified so that the channel generating the tone. Then,
those keys having key codes KC small-   highest-pitch tone is prevented
from  being as- er than the addition result are detected, and data  signed
a newly depressed key. In this case, the whose bits are all "0" are stored
in those channel  lowest-pitch tone search routine executed at the status
registers CHSR which correspond to the   5   steps 90 and 112 must be
replaced by a highest- detected keys.
pitch tone search routine wherein each key code KC takes a value which
increases with the de- Second modified form
crease of tone pitch of the corresponding key. The aforesaid first to third
modifications can still be 



With the electronic musical instrument 10b,  10  applied to this fourth
modified form of the elec- when all the tone generating channels are
generat-  tronic musical instrument 10b. ing tones and any of them are
generating decaying      This fourth modified form can also be com- tones,
a newly depressed key is assigned at the     bined with the third
embodiment so that both of the highest priority to the channel which is
generating  channels which are generating the lowest-pitch and the decaying
tone of the earliest released key as   15  the highest-pitch tones are
prevented from being taught by Japanese Patent Application Publication
assigned a newly depressed key. No. 59-22238. However, the electronic
musical in- strument 10b may be modified so that a newly        Fifth
modified form depressed key is assigned at the highest priority to the
channel which is generating the decaying tone   20  With the structure of
the electronic musical of the smallest envelope level, as taught by Japa-
instrument 10b, the channel which is generating the nese Patent Application
Laid-Open No. 52-25613.    lowest-pitch tone is always prevented from being
To achieve this, the CPU 17 reads the envelope      assigned a newly
depressed key. The instrument level data from those channels which are
generat-   10b may be modified so that such prevention of ing tones other
than the lowest-pitch tone currently  25  assignment of the newly depressed
key can be generated when a key is newly depressed, and        selectively
effected in accordance with performer's detects the channel number of the
channel cor-      operation of a specific switch. In this case, the
responding to the smallest one of the read en-      processing of the
steps.90 and 112 is effected only velope levels as the assigned channel
number data  when the switch is closed to enable the prevention ACHN. Then,
the CPU 17 assigns the newly de-  30  of assignment. On the other hand,
when the switch pressed key to the channel designated by the data  is
opened to disable the prevention of assignment, ACHN.
the steps 90 and 112 are skipped. Such selection of the prevention of
assignment Third modified form                                 can also be
effected in accordance with the selec- 35  tion of tone color via the
control switch panel 12. With the electronic musical instrument 10b,
For example, the programs are modified so that the when a key is newly
depressed on the keyboard 11    processing of the steps 90 and 112 is
effected during the time when all the tone generating chan-  when specific
tone colors such  as a piano tone is nels are generating tones of the keys
presently     selected and that the steps 90 and 112 are skipped depressed,
the newly depressed key is assigned at  40   when other tone colors are
selected the highest priority to the channel generating the     When the
prevention of assignment is dis- tone of the earliest depressed one of the
presently  abled, the newly depressed key is assigned to the depressed keys
except for the depressed key of      tone generating channels under the
same con- the lowest-pitch tone. The electronic musical instru-  ditions as
those shown in Japanese Patent Applica- ment 10b may be modified so that
assignment of  45 - tion Laid-Open No. 52-25613 and Japanese Patent 



the newly depressed key is not effected if all of the  Application
Publication No. 59-22238. channels are presently generating tones. This can
A fourth embodiment of the present invention be achieved by modifying the
programs so that       will now be described. assignment of the newly
depressed key is inhibited     Fig. 16 is a block diagram of an electronic
if all of the MSBs of the first to Nth channel status   5o   musical
instrument 10c provided in accordance registers CHSR(1) to CHSR(N) are "0".
with the fourth embodiment of the invention. This electronic musical
instrument 10c differs from the Fourth modified form
electronic musical instrument 10b of Fig. 9 only in that a program ROM 16c
stores thereih program With the structure of the electronic musical  55
different from those stored in the program ROM instrument 10b, the channel
which is generating the  16b of the electronic musical instrument 10b and
lowest-pitch note is prevented from being assigned  that a RAM 18c provides
registers different from a newly depressed key. The instrument 10b may
those provided by the RAM 18b of the electronic 15    29                 EP
0 204 122 B1                    30 musical instrument 10b.
Upon completion of the initial setting process- The RAM  18c comprises a
general register       ing described above, the CPU 17 executes a key area
GNRc shown in Fig. 17 in addition to the key-  processing routine at the
next step 71a. At this step code register area KCR, channel status register
71a, the CPU  17 executes respective routines area CHSR, assigned channel
register area ACHR    5   whose flow charts are shown in Figs. 19 to 21 and
and key-on and operated-switch detection register   14 to thereby control
generation of tones in accor- area KORb all shown in Fig. 10. The general
regis-  dance with depression and release of the keys on ter area GNRc
comprises a pointer register PR       the keyboard 11. used as a pointer
for sequentially renewing the        The processing performed at the steps
72 and channel number during the time when a lower-pitch   10  73 of Fig.
18 is the same as that performed at the tone range channel search routine,
which will be    steps 72 and 73 of Fig. 11 described later. or the channel
search routine of      When the processing of the steps 73 is com- Fig. 14
is executed. The general register area      pleted, the processing returns
to the step 71a. GNRc also comprises a lower-end key code regis-      Thus,
the CPU 17 repeatedly carried out the steps ter LEKCR for storing a
lower-end key code LEKC   15  71 a to 73 to control the generation of tones
by the representative of the lower-end tone of a tone      musical tone
generating circuit 14b in accordance range covering those keys whose
decaying tones      with the operation of the keyboard 11 and the need be
kept sounded as long as possible, an        control switch panel 12. 



upper-end key code register UEKCR for storing an       The key processing
routine executed by the upper-end key code UEKC representative of the   20
CPU 17 at the step 71a will now be more fully upper-end tone of the same
tone range and other    described with reference to the flow chart shown in
registers for storing variables or the like necessary  Fig. 19. for the
calculation effected by the microcomputer      The processing performed at
the steps 80 to section 13c.                                        82, 83a
to 83d, 84a to 84d and 100 of Fig. 19 is The operation of the electronic
musical instru-  25  the same as that performed at the corresponding ment
10c will now be described.                     steps of Fig. 12. When power
is supplied to the electronic musi-      When the processing of the key-on
event pro- cal instrument 10c, the CPU 17 starts to execute a  cessing
routine 83 is completed at the step 83d or main routine shown in Fig.1B.
The CPU 17 effects     when the processing of the key-off event process- an
initial setting processing at step 70a for initializ-  30  ing routine 84
is completed at the step 84d, the ing the RAM 18c. At this step 70a, all of
bits of the  CPU 17 executes at the next step 120 a lower-pitch key status
memory KEYMEM, event data register      tone range channel search routine
to detect those section EVTR, pointer register PR and the other     tone
generating channels which are generating registers are reset to, "0". On
the other hand, all of  tones within the tone range defined by the lower-
bits of the first to Nth key-code registers KCR(1) to  35  end key code
LEKC and the upper-end key code KCR(N), first to Nth channel status
registers CHSR-  UEKC, as more fully described later. Then, the (1) to
CHSR(N) and assigned channel status regis-   processing proceeds to the
step 100 which is the ter ACHDR are rendered "1". Also, the contents of
same as that shown in Fig. 12. the assigned channel number register ACHNR
are         The lower-pitch tone range channel search rou- endered "1". The
CPU 17 further stores, respec-   40  tine executed at the step 120 will now
be more wavely into the lower-end key cede register LEKCR    fully
described with reference to the flow chart and the upper-end key code
register UEKCR, the      shown in Fig. 20. lower-end key code LEKC and the
upper-end key          This lower-pitch tone range channel search code UEKC
which are previously stored in the       routine is provided for detecting
those tone gen- program ROM 16c. In this embodiment, the lower-  45
erating channels which are generating tones within end key code LEKC
represents the lowest-pitch      the tone range defined by the lower-end
key code key of the keyboard 11, and the upper-end key       LEKC and the
upper-end key code UEKC. When code UEKC represents the key one to two
octaves    the processing of this lower-pitch tone channel higher than the
lowest-pitch key. The control switch  search routine is started, the CPU 17
effects, at status memory SWMEM is written with data repre-  50  step 121,
an initialization of the pointer register PR sentative of operation states
of the control switch  by storing thereinto data representative of "0". At
levers and variable resistors of the control switch  the next step 122, the
CPU 17 adds "1" to data panel 12 in accordance with control switch status
contained in the pointer register PR to render the signals fed from the
control switch circuit 12a.   data "1". Then, the CPU 17 determines, at the
next 



These data are also supplied to the musical tone   55  step 123, whether
the key code KC contained in generating circuit 14b to determine the tone
color  the key-code register KCR(PR) designated by the and tone levels of
the tone to be generated there-  data in the pointer register PR is not
less than the by.                                                lower-end
key code LEKC and is not greater than 16    31                 EP0204 12281
32 the upper-end key code UEKC. In this case, the     .   (2) data whose
MSB and remaining bits respec- data in the pointer register PR is "1 ", so
that the   tively represent "1" and a value which increases key code in the
first key-code register KCR(1) is     with the lapse of time from the
release of the compared with the lower-end key code LEKC and
corresponding key, if the corresponding tone the upper-end key code UEKG.
When the first tone   5   generating channel is generating a decaying
generating channel is generating a tone which be-      tone signal; longs
to the tone range, LEKC S KCR(1) S UEKC is       (3) data whose MSB and
remaining bits respec- established. And therefore, the result of the deter-
tively represent "0" and a value which increases mination effected at this
step 123 is "YES" in this    with the lapse of time from the depression of
the case, so that the processing proceeds to the next  10  corresponding
key, if the corresponding tone step 124. At the step 124, the CPU 17 stores
data      generating channel is generating a tone signal of whose bits are
all "0" into the channel status         the key which is being depressed;
or register CHSR(PR) designated by the data con-           (4) data whose
bits are all "0", if the corre- tained in the pointer register PR. In this
case, the   sponding tone generating channel Is generating data in the
pointer register PR is "1 ", so that the   15    the tone which belongs to
the aforesaid range. contents of the first channel status register CHSR-
And therefore, the assigned channel number (1) are rendered "0". Then, the
processing pro-      ACHN (or the truncate channel number) contained ceeds
to the next step 125. On the other hand, if   in the assigned channel
number register ACHNR the first tone generating channel is not generating a
represents: tone which belongs to the tone range (i.e., if the   20  (a)
the smallest one of the channel numbers of first tone generating channel is
generating no tone,    those tone generating channels which are pres- or it
is generating a tone which is outside of the     ently generating no tone
signals, if there are one aforesaid tone range), IKCR(1) > UEKC is estab-
or more tone generating channels which are lished. And therefore, the
result of the determina-    generating no tones; tion effected at this step
123 becomes "NO", so   25    (b) the channel number of that channel which
is that the processing proceeds directly to the step      generating the
tone of the earliest released key, 125. At the step 125, the CPU  17
determines           if all of the channels are generating tones and if 



whether the data in the pointer register PR is equal   there are one or
more channels which are gen- to "N". In this case, the data in the pointer
register   erating tones of released keys except for the PR is "1", so the
determination result is "NO".  30    channels which are generating tones
within the Consequently, the processing returns to the step       aforesaid
tone range; or 122, whereupon "1" is added to the data contained      (c)
the channel number of that channel which is in the pointer register PR to
cause it to become       generating the tone of the earliest depressed "2".
Then, the processing of the steps 123 to 125      key, if all of the
channels are generating tones is again carried out. The processing in a
loop   35    and if all of the channels except for the channel composed of
the steps 122 to 125 is repeatedly         generating the tones within the
tone range are carried out until the data in the pointer register PR
generating tones of keys which are presently becomes equal to "N". When the
data in the point-      depressed. er register PR reaches "N". the
determination re-       The operation of each tone generating channel suit
at the step 125 becomes "YES". so that the   40   performed at the time
when the generation of tone X  processing of this lower-pitch tone range
search      signal is terminated will now be described. routine is
terminated. As a result of N times of        When any one of the tone
generating channels executions of the processing in the aforesaid loop,
terminates the generation of tone signal, the musi- the contents of the
channel status registers cor-    cal tone generating channel outputs the
tone gen- responding  to those tone generating channels  45  eration
termination signal DF and the tone genera- which are generating tones
within the tone range     tion termination channel data DFch to the micro-
defined by the lower-end and upper-end key codes     computer section 13c.
When the tone generation LEKC and UEKC are all rendered "o".
termination signal DF and the tone generation ter- The processing performed
at the step 100 of      mination channel data DFch are received by the Fig.
19 is the same as the channel search process-  so   microcomputer section
13c, the CPU 17 interrupts ing shown in Fig. 14. When this channel search
the execution of the main routine shown in Fig. 18 processing is completed,
each of the first to Nth   in response to the tone generation termination
sig- channel status registers CHSR(1) to CHSR(N)          nal DF and,
instead of this, begins to executes the stores:
DF interrupt routine shown in Fig. 21. (1) data whose bits are all "1", if
the corre-   55   This DF interrupt routine is the same as that sponding
tone generating channel is generating    shown in Fig. 15 except that it
does not include the no tone signal;                                   step
112. And, as a result of execution of this DF interrupt routine, all of the
bits of the channel status 17    33                 EP 0204 122 B1
34 



register. CHSR and key-code register KCR both       pitch lone range or the
middle-pitch tone range, corresponding to 'that channel which has just
termi-  and as a result, the channels which are generating nated the
generation of tone are rendered "1 ".   tones within these tone ranges are
prevented from With the above arrangement, when a key or        being
assigned newly depressed keys. Thus, it is keys is depressed on the
keyboard 1 1, the key-on   5   possible to cause tones within the other
tone event processing routine 83 is executed in accor-   ranges to be
generated one after another at short dance with the key-on event data to
renew the data  time intervals while keeping the tones within the in the
key-code registers KCR(I) to K(CR(N) and     higher-pitch or middle-pitch
tone range generated. the channel status registers CHSR(1) to CHSR(N).
The fourth embodiment may also be modified When a key or keys is released
on the keyboard   10  to have a plurality Of Such specific tone ranges (for
11, the key-off event processing routine 84 is ex-  example, tho
lower-pitch tone range and the ecuted in accordance with the key-off event
data to  higher-pitch tone range). In this case, each of the renew the data
in the key-code registers and the    upper-end  and  lower-end  key code
registers channel status registers. Then, the lower-pitch tone  UEKCR and
LEKCR must be composed of a plural- range channel search routine composed
of the   15  ity of registers. And, the CPU 17 stores predeter- steps 121
to 125 is executed in accordance with     mined key codes into these
registers at the step the key codes KC stored in the key-code registers
70a, and effects such comparison with respect to to detect the channels
which are generating the,    each tone range at the step 123. tones within
the tone ranges defined by the lower-      With the fourth embodiment and
the above- end and upper-end key codes LEKC and UEKC.  20   described
modified form thereof, the channel which and at the same time the channel
search routine    is generating a tone within the predetermined tone
-composed of the steps 101 to 106 of Fig. 14 is      range (lower-pitch
tone range, middle-pitch tone executed to detect one of those channels
currently  range or the higher-pitch tone range) is always generating tones
except for the tones within the    prevented from being assigned newly
depressed aforesaid tone range as the channel to which a   25  keys. The
embodiment may be modified so that newly depressed key is to he assigned.
When a       such prevention of assignment of the newly de- key is newly
depressed on the keyboard 11, the      pressed keys can be selectively
effected in accor- key is assigned to the detected channel. Therefore,
dance with performer's operation of a specific with this embodiment, the
tones within the pre-    switch. In this case, the processing of the step
120 determined lower-pitch tone range will not forcibly  30  is effected
only when the. switch is closed to enable be stopped even when depression
of keys is per-     the prevention of assignment. On the other hand, formed
in a quick manner, as is the case with a     when the switch is opened to
disable the preven- piano.
tion of assignment, the step 120 is skipped. The above-described fourth
embodiment is so         With the fourth embodiment and the above-
constructed that the channels which are generating   35  described modified
forms thereof, the tone range is tones within the lower-pitch tone range
are pre-    determined in accordance with the data stored in 



vented from being assigned newly depressed keys.    the program ROM 16c and
is therefore can not be The fourth embodiment may, of course, be modi-
changed by the performer. However, the embodi- fied so that those channels
which are generating    ment may be modified so that the performer can ones
within a middle-pitch tone range or a higher-  40  change the tone range.
In this case, the control ditch tone range are prevented from being as-
switch panel 12 and the control switch circuit 1 2a signed  newly
depressed  keys. This can be        are modified to have a switch lever for
selecting achieved by modifying the step 70a of Fig. 18 so    one of the
plural tone, ranges and a switch oper- that the key code KC of the
highest-pitch key of    atively connected to the switch lever,
respectively. the keyboard 1 1 and the key code KC of the key   45   Also,
the ROM 1 6c is modified to store the upper- one or two octave- lower than
the highest-pitch key  pnd and lower-end key codes UEKC and LEKC are stored
respectively into the upper-end key      with respect to each of the plural
tone ranges. The code register UEKCR and the lower-end key code      steps
70a and 72 are also modified to write respec- register LEKCR.
Alternatively, the step 70a may be  tively into the upper-end and lower-end
key code modified so that key codes of the two keys one or  50  registers
UEKCR and LEKCR the upper-end and two octave apart from one another and
disposed in   lower-end key codes UEKC and LEKO which are the middle of the
keyboard 11 are selected and      read in accordance with the state of the
switch that the higher one and the lower one of the two    lever. key codes
are stored respectively into the upper-       The embodiment may also be
modified so that end key code register UEKCR and the lower-end   55  the
performer can change the tone range through key code register LEKCR.
According to these         the keyboard 11. In this case, the control
switch modifications, the tone range used in the step 123  panel 12 must
include a pair of switch levers for as the reference tone range becomes the
higher-     respectively enabling the upper-end and lower-end 18    35
EP 0 204 122 B1                    36 tones to be designated, and the
control switch      should be performed. If the result of the determina-
circuit 12a must include a pair of switches oper-  ! tion at this step 140
is "YES", that is, if the atively connected to these designating switch le-
detected control switch corresponds to one of the vers. The programs stored
in the ROM 16c is also   tone colors with respect to which the setting of
so modified that a tone range setting routine whose   5   tone range should
be performed, the CPU 17 reads flow chart is shown in Fig. 22 is executed
by the  from the ROM 16c the upper-end and lower-end CPU 17 at the step 72
when any one of the above-   key codes UEKC and LEKC corresponding to this
described designating switches is closed. When     tone color at step 141.
Then, the CPU 17 stores any of the switches is closed, the CPU 17 deter-
these upper-end and lower-end key codes UEKC 



mines at step 130 of Fig. 22 whether there is any   10  and LEKC into the
upper-end and lower-end key key depressed on the keyboard 11. The CPU 17
code registers UEKCR and LEKCR, respectively, at continues this
determination operation until any is  the next step 142. Then, the
processing of this tone depressed. When a key is depressed on the key-
range setting routine is terminated. On the other board 11, the result of
the determination becomes   hand, if the result of the determination at
this step "YES", so that the processing proceeds to the next  15  140 is
"NO", that is, if the detected control switch step 131. At this step 131,
the CPU 17 determines   does not correspond to any of the tone colors with
whether the above-described closed switch cor-     respect to which the
setting of tone range should responds to the upper-end tone designating
switch   be performed, the CPU 17 writes data whose bits lever. If the
determination result is "NO", that is, if  are all "1" into each of the
upper-end and lower- it is determined that the closed switch corresponds
20  end key code registers UEKCR and LEKCR at step to the lower-end tone
designating switch, then the  143, and this tone range setting routine is
termi- CPU 17 stores the key code KC of the depressed      nated. The
writing of the data of "1" bits into the key into the lower-end key code
register LEKCOR at  registers UEKCR and LEKCR means that no tone step 132.
On the other hand, if the result of the  range is set to this electronic
musical instrument. determination at the step 131 is "YES", the CPU   25
Thus, in this modified form of the embodiment, an 17 stores the key code KC
of the depressed key     automatic setting of the tone range is accompanied
into the upper-end key code register UEKCR.         with selection of the
specific tone colors. When any of the processing of the step 132 or 133
With the fourth embodiment and its modified is completed, this tone range
setting routine is   forms described above, the lower-pitch tone range
terminated.                                    30  channel search routine
of Fig. 20 is executed to With this modified form, the reference tone
detect those channels which are generating tones range compared with the
key code at the step 123    within the specific tone range, and then, the
chan- of Fig. 20 can be changed by the performer          nel search
routine of Fig. 14 is executed to detect through the keyboard 11. Thus, it
is possible for   one of those channels currently generating tones the
performer to cause the electronic musical in-  35  except for the tones
within the aforesaid specific strument 10c to generate tones within the
other     tone range as the channel to which a newly de- tone ranges one
after another at short times inter-  pressed key is to be assigned. And,
when a key is vals while keeping the tones within the tone range  newly
depressed on the keyboard 11, the key is selected by himself sounded.
assigned to the detected channel. The fourth em- The embodiment can also be
modified so that  40  bodiment and the modified forms thereof may be such
tone range is selected in accordance with the  further modified so that the
lower-pitch tone range selection of tone color via the control switch panel
channel search routine detects those channels 12. In this case, the ROM 16c
is modified to store  which are generating tones outside. of the specific
the upper-end and lower-end key codes UEKC and     tone range or generating
no tone, and that the LEKC with respect to each of the tone colors and   45
channel search routine detects one of thus de- 



to store a tone range setting routine shown in Fig.  tected channels as the
channel to which a newly 23. The tone colors with respect to each of which
depressed key is to be assigned. In this case, the the upper-end and
lower-end key codes UEKC and      RAM 18c is modified to provide first to
Nth flag LEKC must be stored exclude those tone colors      registers for
respectively storing flags each indicat- which correspond to wind
instruments having rela-  50  ing whether a newly depressed key can be as-
tively short decay times such as a flute and an     signed to the
corresponding tone generating chan- oboe. When closure of one of the
control switches   nel or not. The lower-pitch tone range search rou- for
selecting tone colors is detected at the step 72,  tine is modified to set
to " 1" the flags correspond- the CPU 17 begins to execute the tone range
ing to those channels which are generating tones setting routine of Fig. 23
at step 140. At this step   55  outside of the tone range or generating no
tone and 140, the CPU 17 determines whether the detected    to set to "0"
those flags which correspond to the control switch corresponds to one of
the tone col-  other tone generating channels. The assigned ors with
respect to which the setting of tone range  channel search routine is also
so modified that one 19    37                 EP 0 204 122 131
38 of the channels corresponding to the flags in the    detection circuits)
each for detecting depressing "1" state is assigned a newly depressed key.
strength (initial key touch) of a respective one of With the fourth
embodiment and the modified,     the keys on the keyboard 11 in accordance
with forms thereof, when all the tone generating chan-   the speed or
pressure thereof. Key touch data nets of the musical tone generating
circuit 14b are    5   representative of the detected key depression
generating tones and any of them are generating      strength of each key
is supplied from the key touch decaying tones, those channels which are
generat-    detection circuit 11 b through the signal bus 15 to ing
decaying tones outside of the specific tone      the CPU 17 of a
microcomputer section 13d. The range are selected. And, a newly depressed
key is   electronic musical instrument 10d is provided with assigned at the
highest priority to one of the se-   10   a sustain pedal 160 for
controlling decaying time of lected channels which is generating the
decaying     each tone generated by the musical tone generat- tone of the
earliest released key, as taught by      ing circuit 1 4c. When the sustain
pedal 160 is Japanese Patent Application Publication No 59-       stepped
on. the decaying time of each tone is 22238. However, the embodiment and
the modified       prolonged, while when the sustain pedal 160 is forms
thereof may be modified so that a newly  15  released the decaying time of
each tone is short- depressed key is assigned at the highest priority to
ened. The sustain pedal 160 is operatively con- that of the selected
channels which is generating    nected, in the conventional manner, to a
sustain the decaying tone of the smallest envelope level,    pedal switch
circuit 161 which detects the step-on 



as taught by Japanese Patent Application Laid-       and release of the
sustain pedal 160 and outputs Open No. 52-25613. To achieve this, the CPU
17   20   data representative of the step-on and release of eads the
envelope level data from those channels    the sustain pedal 160 through
the signal bus 15 to which are generating tones outside of the tone
the microcomputer section 13d. The musical tone range when a key is newly
depressed, and detects     generating circuit l4c is so constructed as to
gen- the channel number of the channel corresponding      erate tone
signals in accordance with the operation to the smallest one of the read
envelope levels as   25  of the keyboard 11; control switch panel 12 and
the assigned channel number data ACHN. Then,         sustain pedal 160. As
indicated by a solid line in the CPU 17 assigns the newly depressed key to
Fig. 25-(a), an envelope waveform of each tone the channel designated by
the data ACHN.             signal generated by the musical tone generating
With the fourth embodiment and the modified       circuit 14c rapidly rises
upon depression of the key forms thereof, when a key is newly depressed on
30  and begins to gradually decay at a decay time the keyboard 11 during
the time when all the tone    constant DT irrespectively of the release of
the key generating channels are generating tones of the      when the
signal level of the tone signal reaches a keys presently depressed, the
newly depressed        predetermined attack level AL. During the depres-
key is assigned at the highest priority to the chan-  sion of the key, the
gradual decay of the tone nel generating the tone of the earliest depressed
35  signal continues, whereas if the key is released one of the presently
depressed keys except for the   during the gradual decay, the tone begins
to rap- depressed keys within the tone range. The embodi-   idly decay as
indicated by a broken line in Fig. 25- ment and the modified forms thereof
may, how-        (a). The envelope waveform of the tone signal is ever, be
further modified so that assignment of the  controlled in accordance with
operation of the sus- ewly depressed key is not effected if all of the   40
tain pedal 160 and the keys of the keyboard 11 as Channels are presently
generating tones. This can     hereunder described. When the key is
released, be achieved by modifying the programs so that        the envelope
waveform varies not along the broken assignment of the newly depressed key
is inhibited   line but along the solid line of Fig. 25-(a) if the if all
of the MSBs of the first to Nth channel status  sustain pedal 160 is in the
stepped-on state. The registers CHSR(1) to CHSR(N) are "O".           45
lower the pitch of the generated tone signal, the A fifth embodiment of the
invention will now be  greater the. decay time constant DT. as indicated
described.                                           by a dot-and-dash line
in Fig. 25-(a). The greater Fig. 24 is a block diagram  of an electronic
the key depression strength detected by the key musical instrument 10d
provided in accordance        touch detection circuit llb (that is, the
greater the with the fifth embodiment of the invention. This  50   key
depression speed or the key depression pres- electronic musical instrument
1Od is suitable for   sure of the key), the greater the predetermined
generating tones of percussive musical instruments   attack level AL, as
indicated by a two dots-and- such as a piano and a harpsichord and differs
in     dash line in Fig. 25-(a). The decay time constant construction from
the fourth embodiment of Fig. 16   DT and the attack level AL are also
varied in 



in the following respects. The keyboard 11 is con-   55  accordance with a
tone color of the tone generated. nected to a key touch detection circuit
11b of the   Thus the decay time of the tone varies in accor- conventional
type which includes a plurality of key-  dance with the various factors of
the tone, as is the on speed detection circuits (or key-on pressure
case with tones of ordinary musical instruments 20    39                 EP
0 204 122 B1                    40 such as a piano.
increases with the increase of the key depression The microcomputer section
13d comprises in      strength of the corresponding key. The priority data
addition to the CPU 17, a ROM 16d storing various   register area PRDR also
comprises first to Nth programs which will be described later, a RAM 18d
registers corresponding respectively to the first to used as data storage
area during the execution of   5   Nth tone generating channels. The first
to Nth the programs by the CPU 17, and a timer 162 for     registers in
this priority data register PRDR respec- measuring time to periodically
interrupt the cur-  tively store priority data PRD(1) to PRD(N), each
rently executed program and to start a timer inter-  representative of the
priority of the key assigned to rupt routine shown in Fig. 30. As shown in
Fig. 26,  a respective one of the tone generating channels. the RAM  1 8d
comprises an assigned key data  10       The assigned channel register area
ACHRd register area AKDR (Fig. 26-(a)) for storing data  comprises a
register for storing assigned channel relating to each of the keys assigned
to the tone   number data ACHN representative of the channel generating
channels of the musical tone generating  number of that channel to which
the key newly circuit 14c, an assigned touch data area ATDR
depressed on the keyboard 11 is assigned, and (Fig. 26-(b)) for storing the
touch data representa-   15  also comprises a series of registers for
storing the tive of the key depression strength of each of the  channel
numbers and priority data PRD which are keys assigned to the tone
generating channels, and  extracted in the processing for detecting the as-
a priority data register area PRDR (Fig. 26-(c)) for  signed channel number
data ACHN. storing the priority of key-assignment to each of      The
key-on and operated-switch detection reg- the tone generating channels. The
RAM 18d also   20  ister area KORd is similar to the key-on and comprises
an assigned channel register area         operated-switch detection
register area KORb of ACHRd (Fig. 26-(d)) for storing assigned channel
Fig. 10-(d), and comprises a key status memory data and other data, the
assigned channel data      KEYMEM,  a  control-switch  status  memory
designating the channel to which the key newly      SWMEM and an event
register section EVTR. The depressed on the keyboard 11 is to be assigned
25  key event register section EVTR includes a plural- (i.e., the truncate
channel). The RAM 18d further  ity of registers for storing key-on event
data comprises a key-on and operated-switch detection    KEVT1, key-off
event data KEVT2 and control- 



register area KORd which is similar to the key-on   switch event data
SWEVT. Each key-on event data and operated-switch detection register area
KORb   KEVT1 contains the key code KC, key-on data KO of Fig. 10, and a
general register GNRd which is  30  and touch data TD of the depressed key,
and the used to carry out a calculation of the assigned     key-off event
data KEVT2 contains the key code channel and other calculations.
KC and key-on data KO of the released key. The assigned key data register
area AKDR            The general register area GNRd comprises a includes
first to Nth registers corresponding re-   pair of registers for
respectively storing the key spectively to the first to Nth tone generating
chan-   35  data KD and touch data TD read from the key-on nels of the
musical tone generating circuit 14c. The  and operated-switch register area
KORd during the first to Nth registers store first to Nth assigned key
processing of the key-on event data KEVT1, a data AKD(1) to AKD(N),
respectively, each com-      register for storing a lowest-pitch key code
LKC posed of the key code KC representative of the      corresponding to
the lowest-pitch tone detected by key assigned to the corresponding channel
and a   40   a lowest-pitch tone detecting processing, and a key-on data KO
representative of the ON state of     register for storing
multiply-assigned channel num- the key. The value of the key code KC
increases     ber data MANY representative of the number of with the
increase of the pitch of the tone of the   channels to which the same key
is assigned. The corresponding key, and is within the range of be-
general register area GNRd further comprises a tween "21" and "108" in the
case where the key-  45  register for storing sustain data SUS which is "1"
board 11 has eighty eight keys. The key-on data     when the sustain pedal
160 is in the stepped-on KO is "0" when the corresponding key is in the
state and "0" when in the released state, and other OFF state (or
released), and is "1" when the key is  registers for storing variables
necessary for the in the ON state (or depressed).
microcomputer section 13d to effect calculations. The assigned touch data
register area ATDR   50     The operation of the electronic musical instru-
comprises first to Nth register corresponding re-   ment 10d will now be
described. spectively to the first to Nth tone generating chan-   In the
first place, a main routine executed by nel. The first to Nth registers in
this assigned touch  the CPU 17 will be described with reference to a data
register area ATDR store the touch data TD,    flow chart shown in Fig. 27.
When power is applied corresponding to the keys designated by the as-  55
to the electronic musical instrument 10d, the CPU signed key data AKD(1) to
AKD(N) in the assigned    17 begins the execution of the main routine at
step key data register area AKDR, as touch data ATD(1)   70b. At this step
70b, the CPU 17 initializes the to ATD(N), respectively. Each of the touch
data TD  contents of the RAM 18d. Then, the processing 21    41
EP 0 204 122 B1                    42 



proceeds to the next step 71b, at which the CPU     into the storage
position of the key status memory 17 executes a key processing routine
shown in Fig.  KEYMEM which corresponds to the newly released 28 to control
the generation of tones by the tone   key, and also stores. as a key-off
event data generating channels of the musical tone generating  KEVT2, the
key data KD composed of the key circuit 14c in accordance with depression
and re-   5   code KC representative of the newly released key lease of
keys of the keyboard 11. The key process-  and the key-on data KO of "0",
indicating that the ing routine will be more fully described later. Then,
key is newly released, into a register in the event the processing proceeds
to the next step 170, at    data register section EVTR. The key codes KC
which the CPU 17 executes a sustain pedal pro-      may be formed from the
contents of a scanning cessing routine shown in Fig. 33 to control the   10
counter (not shown) for sequentially pointing the decay of each of the
tones presently generated by   key switches corresponding respectively to
the the tone generating channels of the musical tone    keys during the
scanning thereof. generating circuit, 14c in accordance with step-or
The processing then proceeds to the next step and release of the sustain
pedal 160. The sustain    181 at which the CPU 17 determines whether there
pedal processing routine will be more fully de-  15  is any key-on event
data in the event data register scribed later. Then, the processing
proceeds to the  section EVTR. If the determination result is "NO", next
step 72b and thence to step. 73b. The proces-  the CPU 17 further
determines, at step 182, wheth- sings performed at these steps 72b and 73b
are      er there is any key-off event data in the event data the same as
those performed at the steps 72 and     register section EVTR. When there
has been no 73 of Fig. 11. Then, the processing returns to the   20  change
of states of the keys on the keyboard 11, step 71b.
the results of the above two determinations are The key processing routine
executed by the      both "NO", so that this key processing routine is CPU
17 at the step 71b will now be more fully      terminated, and the
processing proceeds from the described with reference to the flow chart
shown in  step 182 to the step 170 of Fig. 27. Fig. 28.
25      When there is any key newly depressed, the At step 180, the CPU 17
detects depression      result of the determination at the step 181 is and
release of the keys on the keyboard 11. In this  "YES", so that a key-on
event processing routine case, the CPU 17 scans all the key switches from
183 begins to be executed. The key-on event pro- the highest-pitch tone
side or the lowest-pitch tone   cessing routine is composed of step 190
(channel side to inputs ON/OFF states of the key switches   30  search
routine), step 200 (channel data setting rou- as new key-status data. The
CPU 17 then com-        tine) and step 220. pares each of the new
key-status data with a re-       The channel search routine of the step 190
is spective one of those stored in the key status      provided for
determining the channel number of the memory KEYMEM to thereby detect
changes of          channel to which the key newly depressed is as- ON/OFF
states of the keys, and if there are keys   35  signed, and a flow chart of
which is shown in Fig. detected as depressed,, the CPU 17 reads touch
29. This channel search routine begins to be ex- 



data relating to the depressed key from the key     ecuted at step 191, at
which the CPU 17 reads one touch detection circuit 11 b. More specifically,
when  of the detected key-on event data KEVT1 from the the new key-status
data is "1"' and when the cor-  register section EVTR and stores the key
data KID sponding key-status data stored in the key status   40  and the
touch data TD thereof into the correspond- memory KEYMEM (i.e., the
corresponding old key-   ing registers of the general register area GNRd.
status data) is "0". the CPU 17 determines that the  Then! the CPU 17
clears the thus read key-on corresponding key is newly depressed on the
key-    event data KEVT1 from the register section EVTR, board 11. In this
case, the CPU 17 stores the new   at the next step 192. At step 193, the
CPU 17 key-status date of "1" into the storage position of  45  reads each
of the priority data PRD(1) to PRD(N) the key status memory KEYMEM  which
corre-         from the priority data register PRDR. In this case, if
sponds to the newly depressed key, and also        the read priority data
PRD is not "0", the CPU 17 stores, as the key-on event data KEVT1, the key
decrements the read priority data PRD by one and data composed of the key
code KC representative     re-stores it into the corresponding register of
the of the newly depressed key and the key-on data  50  priority data
register area PRDR. On the other KO and the touch data TD representative of
the      hand, if the read priority data PRD is equal to "o", depression
strength of the newly depressed key     the CPU 17 does not change the
contents of the into a register in the event data register section
corresponding register. Thus, each time a key is EVTR. When the new
key-status data is "O" and       newly depressed on the keyboard 11, each
of when the corresponding old key-status data is "1",  55  those priority
data PRO which are not "0 is de- the CPU 17 determines that the
corresponding key    cremented by one. In other words, each time a key is
newly released on the keyboard 11. In this case,  is newly depressed, the
priority of each tone gen- the CPU 17 stores the new key-status data of "0"
erating channel is enhanced. Then, the processing 22    43
EP 0 204122 B1                     44 proceeds to the next step 194.
stores the channel number data CHN correspond- At this step 194, the CPU 17
sequentially reads  ing to the detected smallest priority data into the the
assigned key data AKD(1) to AKD(N) from the    same assigned channel
register area ACHRd as assigned key data register area AKDR, and com-
the assigned channel number data ACHN. Then, pares each of the key code KC
contained in the   5   this channel search routine is terminated. read
assigned key data AKD with the key code KG       If it is determined that
there is no extracted contained in the key data KD stored in the general
data in the assigned channel register area ACHRd register area GNRd, to
determine the number of     at the step 197, that is to say, if all of the
channels the assigned key data AKD having the same key      except for that
generating the lowest-pitch tone are 



code KC as the key data KD in the general register  10  generating tones of
the keys presently depressed, area GNRd. The CPU 17 then stores the
detected    the processing proceeds from the step 197 to step number in the
general register area GNRd as the    198b. At this step 198b, the CPU 17
detects the multiply-assigned channel number data MANY.        channel
which corresponds to the smallest one of When the same key is depressed
twice or more       the priority data PRD(1) to PRD(N) except for the
during a predetermined number (in this embodi-  is  priority data PRD which
corresponds to the channel ment; "N") of successive depressions of keys, as
whose assigned key data AKD contains the key is the case with certain
musical performances such  code KC equal to the lowest-pitch key code LKC.
as a trill, the maximum number of assignments of   The CPU 17 stores the
channel number data CHN such key to the channels is determined based on
representative of the detected channel into the the multiply-assigned
channel number data MANY.  20  assigned channel register area ACHRd as the
as- In this embodiment, an assignment of the same      signed channel
number data ACHN, and then ter- key to more than two different channels is
not     minates this channel search routine. allowed.
At the step 194, if the newly depressed key At the next step 195, the CPU
17 determines    involved corresponds to the second depression of whether
the data MANY is greater than "1". If the   25  the same key during the
predetermined number of newly depressed key involved does not corre-
successive depressions of keys, the data MANY is sponds to the second
depression of the same key    rendered "1 ", and if the third depression,
the data during the predetermined number of successive      MANY is
rendered "2". In the case of the data depressions of keys, all the
registers of the as-  MANY being "2", the result of the determination at
signed key data register area AKDR contain key   30  the step 195 is "YES",
so that the processing data KD having different key codes KC, so that the
proceeds to step 198c. At this step 198c, the CPU multiply-assigned channel
number data MANY is      17 sequentially reads the assigned key data AKD-
"0". As a result, the result of the determination at  (1) to AKD(N) from
the assigned key data register the step 195 becomes "NO", and the
processing      area AKDR and compares the key code contained proceeds to
the next step 196. At this step, the   35  in each of the read assigned key
data AKD with the    


