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[57] ABSTRACT 
A tone production assignment circuit produces control 
information representing assigned key code, key-on etc. 
Such information has a large number of bits with re 
spect to each channel. A multiplexing circuit has output 
lines the number of which is smaller than the bit number 
of the information and divides the information with a 
plurality of time slots with respect to one channel. The 
multiplexing circuit is controlled by a signal from a 
timing signal generation circuit. The multiplexing cir 
cuit is capable of rearranging information for transmit 
ting information required for the respective individual 
channels and also capable of inserting a timing data in 
an available time slot. A multiple data analysis circuit 
decodes the information provided by the multiplexing 
circuit. Tone generators are provided for the respective 
channels and each one of them functions to latch only 
corresponding information among the decoded infor 
mation by a latch circuit. 

13 Claims, 17 Drawing Figures 
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ELECTRONIC MUSICAL INSTRUMENT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a compound tone type elec 
tronic musical instrument employing a tone production 
assignment circuit. 

DESCRIPTION OF THE PRIOR ART 

An electronic musical instrument is known in the art 
in which a tone selected by key depression is assigned to 
a suitable tone production channel by a tone tone pro 
duction assignment circuit, and the tone is produced by 
using the tone generator of that channel. In producing a 
tone by using a tone generator, there are a number of 
pieces of information as to the tone which should be 
supplied to the tone generator. In a device disclosed by 

' the speci?cation of U.S. Pat. No. 3,882,751 entitled 
“Electronic Musical Instrument” or by the speci?cation 
of U.S. Pat. No. 4,114,495, entitled “Channel Proces 
sor”, in addition to information (key code) representa 
tive of a key name assigned to a relevant channel, infor 
mation representative of the depression of the key, in 
formation representative of the release of the key, and 
clear information representative of the fact that the 
assignment to the channel has been cancelled are out 
putted by a tone production assignment circuit and are 
applied to a tone generator. The information (key code) 
representative of a key name consists of a note code 
representative of a note, an octave code representative 
of an octave, and a keyboard code representative of a 
keyboard. If key depression information and other con 
trol data are added to the aforementioned codes, data of 
the order of ten to ?fteen bits is applied to the tone 
generator section from the tone production assignment 
section. In manufacturing the tone production assign 
ment section and the tone generator section in the form 
of integrated circuits, it is required to provide as many 
pins as the number of bits of data used between the two 
sections. Therefore, as the number of bits of data sup 
plied to the tone generator section from the tone pro 
duction assignment circuit increases, the number of pins 
in the integrated circuit is increased, which will be an 
obstacle to miniaturization of the sections. ‘ 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
electronic musical instrument including tone generators 
individually functioning for each of tone production 
channels, in which the number of wires between the 
tone production assignment circuit and the tone genera~ 
tors is remarkably reduced by supplying information 
concerning tones assigned to the respective channels to 
the tone generators in a time division multiplexed form. 
It is another object of the invention to provide an elec 
tronic musical instrument in which, in distributing the 
time division multiplexed information to the respective 
tone generators, timing for the distribution is deter 
mined by using single reference data representing a 
reference timing in a time slot train and information 
transmitted from the tone production assignment circuit 
to the tone generators thereby is simpli?ed. 
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2 
These and other objects and features of the present 

invention will become apparent from the description 
made below in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a block diagram illustrating one example of 

an electronic musical instrument according to this in 
vention; 
FIG. 2 is a diagram explaining a method of illustrat 

ing various circuit elements; 
FIG. 3 is a timing chart of various signals employed 

for controlling a variety of circuits included in a chan 
nel processor shown in FIG. 1; 
FIG. 4 is a block diagram illustrating a timing signal 

generating circuit in FIG. 1, in detail; 
FIG. 5 is a detailed block diagram illustrating a key 

code memory circuit, a key code comparison circuit 
and a data multiplex circuit shown in FIG. 1; 
FIG. 6 is a block diagram illustrating an assignment 

control circuit and an attack system key-on signal gen 
erating circuit shown in FIG. 1, in detail; 
FIG. 7 is also a block diagram illustrating a truncate 

circuit and an automatic chord key-on signal generating 
circuit in FIG. 1 in detail; 
FIG. 8 is a timing chart for a description of the opera 

tion of the data multiplex circuit shown in FIG. 5; 
FIG. 9 is a diagram for a description of the contents 

of data for every time slot with respect to data 
KC1—KC4 outputted by the data multiplex circuit 
shown in FIG. 5; 
FIG. 10 is a clock diagram showing one example of a 

digital tone generator shown in FIG. 1. 
FIG. 11 is a block diagram illustrating a multiplex 

data analysis circuit in FIG. 10 in detail; 
FIG. 12 is a timing chart for a description of the 

operation of the multiplex data analysis circuit shown in 
FIG. 11; 
FIG. 13 is a block diagram illustrating in detail the 

submultiple frequency wave signal generator shown in 
FIG. 10; 
FIG. 14 is a timing chart showing a state of submulti 

ple frequency data generated in series by the submulti 
ple frequency wave signal generator; 
FIG. 15 is a circuit diagram illustrating in detail an 

example of the upper keyboard tone generator shown 
FIG. 10; 
FIG. 16 is a circuit diagram illustrating in detail an 

example of each of the lower keyboard tone generator 
and the automatic chord tone envelope control section 
shown in FIG. 10; and 
FIG. 17 is a circuit diagram showing the pedal key 

board tone generator shown in FIG. 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Description of the general arrangement of this 
invention 

This invention will be described with reference to its 
preferred embodiment illustrated in the accompanying 
drawings. 

Referring to FIG. 1, a keyboard section 10 comprises 
an upper keyboard, a lower keyboard, a pedal key 
board, and a variety of switches for control. A key 
coder or key information generating means 11 operates to 
detect the on-off operations of the keys and the switches 
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in the key-board section 10, thereby to output pieces of 
information representative of depressed keys and vari 
ous pieces of control information. A channel processor 
12 comprises a tone production assignment circuit or 
channel assignment means 13, a data multiplex circuit 14, 
and a timing signal generating circuit 15 for the above 
described assignment and multiplex. The tone produc 
tion assignment circuit 13 is to assign a depressed key 
(or a tone to be produced) to any of a certain number 
(sixteen, for instance) of tone production channels, and 
the assignment is carried out in accordance with infor 
mation (key code) representative of a depressed key 
from the key coder 11. In this tone production assign 
ment circuit 13, a key code memory circuit 17 has a 
certain number of memory positions, which corre 
sponds to the number of tone production channels, the 
key code memory circuit 17 having a gate in its input 
side. As a result of an assignment operation, a key code 
N1-B3 delivered from the key coder 11 is stored in one 
of the memory positions in the key code memory circuit 
17. The fundamental conditions in the assignment oper 
ation of the tone production assigning circuit 13 are as 
follows: 

(A) The assignment should be done for a memory 
position where no storage is made (or an empty chan 
nel), and 

(B) A key code representative of the same key as a 
key (being depressed) whose tone is being produced 
should not be stored, in duplication, in a plurality of 
memory positions. 
However, as far as the condition (B) concerns, in the 

case where the same key code as an old key code (not 
used for tone production) which is stored in a channel 
which is not in tone production (not in key depression) 
is newly supplied upon key depression, the new key 
code may be assigned to a different channel. Such as 
signment control is effected in the case of “key on 
again” described later. 
A key code comparison circuit 18 operates to com 

pare a key code N1—B3 applied thereto from the key 
coder 11 with an assigned key code N1*-B3* which has 
been stored in the memory circuit 17, and it outputs a 
comparison output EQ depending on coincidence or 
non-coincidence. An assignment control section 19 
operates to detect whether the assignment conditions 
such as the above-described conditions (A) and (B) are 
satis?ed or not. Upon satisfaction, the section 19 outputs 
a load signal LD which is applied to the key code mem 
ory circuit 17, thereby to cause the latter 17 to store an 
input key code N|-B3. In addition, the assignment con 
trol section provides a key-on signal K01 or K02 repre 
sentative of the fact that a key assigned to a channel is 
being depressed. 
An attack type key-on signal generating circuit 20 

operates when an attack type envelope waveform is 
employed as a musical tone amplitude envelope, and the 
circuit 20 serves to reduce the generation time width of 
the key-on signal K01 or K02 provided by the assign 
ment control section 19 to a relatively short time width 
(of the order of 10 ms, for instance). A truncate circuit 
21 is to detect a channel to which a key which was 
released earliest is assigned, and the circuit 21 outputs a 
truncate channel designating signal TR in accordance 
with this detection. In the assignment control section 
19, control is effected so that the old assignment of a 
channel represented by the truncate channel designat 
ing signal TR is cancelled and that a key newly de 
pressed is assigned to that channel. 
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4. 
A key-on signal generating circuit 22 for automatic 

chords (hereinafter referred to" as “an automatic chord 
key-on signal generating circuit 22" when applicable) 
outputs a key-on signal K03 in accordance with a: signal 
CG representative ‘of the tone production timing of an 
automatic chord.‘ An automatic arpeggio circuit 23 
detects successively the key codes N1‘-B3* which have 
been stored in the key code memory circuit 17 and, for 
instance, concern the lower keyboard only, thereby to 
outputs the key codes AN1-AB2 of tones to be pro 
duced as automatic arpeggio tones. The key codes AN 
1—AB2 of automatic arpeggio tones are inputted in an 
arpeggio-only-channel of the key code memory circuit 
under the control of the assignment control section 19. 
The timing signal generating circuit 15 outputs a 

timing signal for controlling the tone production assign 
ment of the tone production assignment circuit 13, and 
a timing signal for controlling the time division multi 
plex operation of various pieces of information in the 
data multiplex circuit 14. The data multiplex circuit 14 
multiplexes assigned key information (such as the key 
code N1*-B3", and the key-on signals K01, K02 and 
K03) applied thereto from thetone production assign 
ment circuit 13 and control information from the key 
coder 11 (or other relevant switches) into time division 
multiplexed data in accordance with .the timing signal 
applied thereto from the timing signal generating circuit 
15. Key information or control information of a large 
number of bits inputted into the data multiplex circuit 
14 is multiplexed into data of a smaller number of bits 
(for instance, it is outputted as four-bit data KC1, KCz, 
KC; and KC4). The multiplex data KC1, KDZ, KC3 and 
KC4 outputted by the data multiplex circuit 14 are de 
livered,las the output of the channel processor 12, to a 
digital tone generator section 16. In the digital tone 
generator section 16, various pieces of information 
(such as the key codes N1*—B3*, the key-on signals 
K01, K02 and K03, and the control information) are 
restored from the multiplex data KC], KCZ, KC; and 
KC4 thus delivered, separately according to the tone 
production channels, and in accordance with these 
pieces of information musical tone signals are provided 
separately according to the channels. The digital tone 
generator section 16 comprises a tone generator of the 
type that musical tone signals having tone pitches corre 
sponding to digital information can be produced in 
accordance with the digital information. In the example 
shown in FIG. 1, the key coder 11 and the channel 
processor 12 is in the form of one chip of integrated 
‘circuit, while the digital tone generator section 16 is in 
the form of another chip of integrated circuit. 

Detailed description of the constructions and operations 
of various sections 

(1) Explanation of a Method of Illustrating Various 
Circuit Elements in the Accompanying Drawings, and 
Timing Signals: 
FIG. 2 shows one example of a method of illustrating 

various circuit elements in the accompanying drawings. 
In FIG. 2, the part (a) showsa multiple-input type 
AND circuit; the part (b), a multiple-input type 0R 
circuit; the part (c), a delay ?ip-?op, and the part (d), a 
shift register. In a multiple-input type logical circuit 
element (the part (a) or (b) in FIG. 2), one input line is 
provided on the input side of the circuit, a plurality of 
signal lines are intersected with the input line, and the 
point of intersection of a signal line for a signal to be 
inputted to the circuit and the input line is encircled. 
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Accordingly, the logical expression of the part (a) of 
FIG. 2 is Q=A-B~D, while the logical expression of the 
part (b) of FIG. 2 is Q=A+B+C. The digit “1” in the 
block indicating a delay ?ip-?op, as shown in the part 
(c) of FIG. 2, is intended to mean that input data is 
delayed by one bit time (one stage). In the part (d) of 
FIG. 2, the numerator of a fraction indicates the number 
of all stages in the shift register, while the denominator 
indicates the bit number of a stage. Where no clock 
pulse is indicated for a delay flip-?op or a shift register 
in a drawing, it should be understood that it is driven by 
a main clock pulse (1)1 (which is, for instance, a two 
phase clock pulse having a period of 1 us). Where an 
output is led out of a stage in a shift register, the stage’s 
order is indicated by a number in the block, from which 
an output line is extended. 

In the tone production assignment circuit 13, the tone 
production channels are formed in time division man 
ner. The time-division time slots of the channels are 
segregated successively with the timing of the main 
clock pulse (1);. In this example, the period of the main 
clock pulse (plis one us. The part (a) of FIG. 3 shows 
the channel time slots (channel times) in the tone pro 
duction assignment circuit 13, and sixteen time slots 
each having a time width of 1 us correspond the ?rst 
through sixteenth channels, respectively. 

In this example, the tone production channels are 
determined separately according to the keyboards, and 
the tone production assignment circuit 13 operates to 
assign key depression tones of relevant keyboards to 
any of the tone production channels thus determined. 
For instance, the upper keyboard tones are assigned to 
the third, fourth, sixth, seventh, tenth, thirteenth and 
sixteenth channels, while the lower keyboard tones are 
assigned to the second, ?fth, eighth, ninth, eleventh, 
twelfth and ?fteenth channels. The pedal keyboard 
tones are assigned to the ?rst channel. The fourteenth 
channel is used for assigning the automatic arpeggio 
tones. Signals representative of the channels classi?ed 
separately according to the keyboards and the functions 
as described above are outputted by the timing signal 
generating circuit 15. 
(2) Description of the Timing Signal Generating Circuit 
35: 
Shown in FIG. 4 is a detailed example of the timing 

signal generating circuit 15. A counter 24 comprising 
four % frequency division ?ip-?ops cascade-connected 
subjects the main clock pulse (1)1 to 1/16 frequency 
division. This counter 24 is reset by an initial clear signal 
1C when the power switch is turned on, and thereafter 
it successively counts DC signals “1” applied to its 
count input terminal, with the timing of the main clock 
pulse (151 (not shown). When the count value of the 
counter 24 reaches “1 l l 1”, an AND circuit 25 is 
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operated to output a signal “1” having a time width of 55 
1 us. Thus, the AND circuit 25 outputs the signal “1” 
every 16 11.5, and this output corresponds to the 16th 
channel time. The output of the AND circuit 25 is in 
putted into a l6-stage/l-bit shift register 26, where it is 
successively shifted according to the main clock pulse 
(111 (not shown). Accordingly, a single signal “1” is held 
in the shift register 26, and this signal “1” is successively 
shifted toward the 16th stage from the ?rst stage, as a 
result of which the channel time in time division manner 
as indicated in the part (a) of FIG. 3 is formed. The 
outputs of the 3rd, 4th, 6th, 7th, 10th and 13th stages in 
the shift register 26 are applied to an OR circuit 27, the 
output of which is used as an upper-keyboard-only 
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6 
channel signal YUK. Similarly, the outputs of the 2nd, 
5th, 8th, 9th, 11th, 12th and 15th stages in the shift 
register 26 are applied to an OR circuit 28, the output of 
which is used as a lower-keyboard-only channel signal 
YLK. The output of the 1st stage in the shift register 26 
is used as a pedal-keyboard-only channel signal YPK. In 
addition, the output of the 14th stage in the shift register 
26 is used as an automatic-arpeggio-only signal YAR. 
The generation of these channels signals YUK, YLK, 
YPK and YAR are as indicated in the parts (b) through 
(e) of FIG. 3, respectively. 
One cycle of processing operation in the channel 

processor 12 is accomplished in three circulations (48 
us) of the time division channel time. A signal H1 indi 
cated in the part'(t) of FIG. 3 shows the ?rst 16 us 
period (the ?rst processing period) of one operation 
cycle taking 48 us; a signal H2 indicated in the part (g) 
of FIG. 3 shows the second 16 us period (the second 
processing period); and a signal H3 in the part (h) shows 
the last 16 its period (the third processing period). A 
frequency division signal having a period of 16 us out 
putted by the counter 24 in FIG. 4 is inputted to a % 
frequency division circuit 29, from which a 2-bit output 
which is changed in three ways “0 O”, “0 l” and_“l O” 
at the time intervals of 16 us and repeats this change 
every 48 us is obtained. This output of the % frequency 
division circuit 29 is applied to a decoder 30, where the 
?rst, second and third processing period signals H1, H2 
and H3 are obtained in correspondence to the outputs 
“O O”, “0 l” and “l 0”, respectively. 
The timing signal generating circuit 15 generates 

twophase clock pulses (11,4, and (1)3 each having a period 
of 48 us as indicated in the parts (i) and (j) of FIG. 3, in 
accordance with the processing period signals H1, H2 
and H3 and the contents of the shift register 26. The 
two-phase clock pulses (1),; and (1)3 are used in the key 
coder 11 so as to deliver various data out of the latter 11 
in synchronization with the period of 48 us of each of 
the ?rst, second and third processing period signals H1, 
H2 and H3. I 

(3) Description of the Key Coder H 
A key coder of the type that is disclosed by the speci 

?cation of US Pat. No. 4,114,495 may be preferably 
employed as the key coder 11. The key coder 11 oper 
ates to output key codes N1-B3 representative of keys 
depressed in the keyboard section 10. The key codes 
N1—B3 are outputted in time division manner at prede 
termined time intervals when the keys are depressed. 
This time interval is controlled by the aforementioned 
clock pulses (1),; and (13; so as to have a time width of 48 
us in synchronization with the period of time from the 
rise of the pulse (1),; to the fall of the pulse (1)3. For exam 
ple, if the key code N1—B3 of a depressed key is applied 
to the channel processor 12 from the key coder 11 with 
the time width of 48 us equal to the period of time from 
the rise of a clock pulse qbA to a clock pulse (1m, then the 
key code Ni—B3 of another depressed key is applied 
thereto in the period of time of 48 us from the rise of the 
following clock pulse (1>,4 to the fall of the following 
clock (1:3. The time width for delivering one key code 
N1—B3 from the key coder 111 is as indicated in the part 
(k) of FIG. 3. 
The key code N1—B3 is a 7-bit data consisting of a note 

code N1, N2, N3, N4 representative of a note and a block 
code B1, B2, B3 representative of an octave range. One 
example of the relations between the contents of note 
codes N1—N4 and notes is indicated in Table 1 below: 
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TABLE 1 
Note N4 N3 N2 N1 Decimal notation 

Cit 0 0 0 l l 
C 0 0 1 0 2 
Di‘ 0 0 l l 3 
E 0 l 0 l 5 
F 0 l l 0 6 
F3 0 l l l 7 
G l 0 0 l 9 
Gt 1 0 l 0 10 
A l 0 l 1 ll 

- Alt 1 I 0 1 13 
B l l l 0 14 
C l l 0 0 12 

In Table 1, the note code N4-N1 of note C is “1 l 0 0" 
(decimal number 12); however, it is converted into “1 
l l 1” (decimal number 15) when it is practically used 
for musical tone production. The reason for this is that 
a reference data used for restoring multiplexed data is 
provided by the data multiplex circuit 14 so that it has 
a content “1 l l l”, and accordingly it is necessary to 
avoid the duplication with this. 
The relation-ships between the contents of block 

codes Bi—B3 and octave ranges are indicated in Table 2 
by way of example: 

TABLE 2 
Octave Range 

Upper Lower Pedal 
B3 B2 B| keyboard keyboard keyboard Arpeggio 

O 0 0 C3 C2 Cl 
0 o 1 034' ~ C4 C2“ ~ C3 cii' ~ C2 C2” ~ C3 
0 l ' 0 C4‘I ~ C5 C3‘I ~ C4 C2it ~ C3 C3is ~ C4 
0 l 1 c5“ ~ c6 c4‘i ~ c5 04* ~ c5 
1 o o 06* ~ 07 est ~ c6 05* ~ C6 

As is clear from Table 2, the relationships between 
block codes B1—B3 and octave ranges are different from 
one another separately according to the kinds of key 
board. For instance, the key range of the upper key 
board is from note C3 to note C7, that is, notes lower in 
tone pitch than note C3 (exclusive) (notes lower than 
note B2 (inclusive)) and note higher in tone pitch than 
note C7(exclusive) (note higher than note C7# (inclu 
sive)) are not used, and even with the same block code 
B1-B3 the octave range of the upper keyboard is differ 
ent by one octave from that of the lower keyboard. In 
addition, the octave range to which one and the same 
block code B1—B3 is not an ordinary range of from note 
C to note B, but a range of from note Cit to note C on 
the higher tone side. Accordingly, the block code 
B1-B3 “0 0 0” in the lowest range is applied only to one 
tone C which is the lowest. Indicated in the column 
“Arpeggio” in Table 2 are tone range corresponding to 
the contents of the block code AB], AB; included in a 
key code ANi-ABz for automatic arpeggio tone which 
is provided by the automatic arpeggio circuit 23 (FIG. 
1). The tone ranges are substantially equal to those for 
the block codes B1-B3 for the lower keyboard; how 
ever, it should be noted that note C2 in the lowest tone 
range is not used in the automatic arpeggio. Accord 
ingly, with respect to the block code AB], ABZ for 
arpeggio, a bit corresponding the third bit B3 is not 
required. The key range of the pedal keyboard is from 
note C1 to note C3, and therefore in this case also the 
data of the third bit B3 is unnecessary. 
Keyboard signals U, L, and P representative of key 

boards to which keys represented by key codes N1-B3 
belong are outputted by the key coder 11 in synchroni 
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8 
zation with the key codes N1-B3 and with a time width 
of 48 us. The signals U, L and P represent the upper 
keyboard, the lower keyboard and the pedal keyboard, 
respectively. 
A depressed key’s key code N1-B3 and its keyboard 

signal U, L or P are provided by the key coder 11 re 
peatedly at suitable time intervals. Upon release of the 
key, provision of the key code N1-B3 is suspended. In 
order to detect what key code concerns the released 
key among the key codes which have been provided, 
the key coder 11 periodically generates a key-off detect 
ing signal X. The generation timing of the key-off de 
tecting signal X is 48 its equal to one key code delivery 
time indicated in the part (k) of FIG. 3. While this key 
off detecting signal X is being produced, none of the 
key code N1-B3 and the keyboard signals U, L and P are 
produced. The generation interval of the key-off detect 
ing signal X is of the order of 5 ms for instance. It is a 
relatively long period of time for a digital system, but it 
is so short for a person’s hearing sense that he cannot 
distinguish two successively produced key-off detecting 
signals X. The assignment control section 19 in the tone 
production assignment ‘circuit section 13, under the 
conditions that no key code N1-B3 is supplied to the 
channel processor 12 during one generation interval of 
key-off detecting signal X although it has been supplied 
to the channel processor 12, determines that the key 
concerning the key code N1—B3 has been released. 

In this example, the key coder 11 is so designed that 
it delivers not only information (N1—B3, U, L, P and X) 
concerning keys as was described above but also data 
selected by switches employed for musical tone control 
or function selection. Whenautomatic arpeggio perfor 
mance is selected, the key coder 11 outputs an auto 
matic arpeggio selection signal ARP with a time width 
of 48 its synchronous with one key code delivery time 
shown in the part (k) of FIG. 3. Furthermore, the key 
coder 11 is so designed that when the automatic arpeg 
gio selection signal ARP is outputted, pieces of informa 
tion (Ni-B3, U, L P and X) concerning keys are not 
outputted thereby. The key coder 11 outputs an enve 
lope control signal EC. This signal EC is to change a 
produced tone’s amplitude envelope waveform over to 
either a sustain tone system envelope waveform or an 
attack system envelope waveform, and has a DC “1” 
level or a DC “0” level according to the set positions of 
an envelope control switch [(not shown)] SEC (FIG. 
I). A damper signal DU outputted by the key coder is to 
abruptly eliminate a musical tone envelope waveform 
which remains as a decayed waveform even after key 
release, and has a DC “1” level or a DC “0” level ac 
cording to the on-off operation of a damper switch 
[(not shown)] Spy (FIG. 1). Thus the key coder 11 
includes means for generating envelope information (e.g., 
the signals EC and DU) to determine the envelope charac 
teristics of a tone. 

Furthermore, the key coder 11 is so designed that 
process for automatic bass chord performance can be 
effected. That is, in the case where a automatic bass 
chord performance is selected, an automatic bass’s key 
code N1—B3 and an automatic chord’s key code N1~B3 
are provided with suitable timing in accordance with 
keys depressed in the keyboard section 10. In an auto 
matic bass chord performance, an automatic bass chord 
selection signal ABC is outputted, in a direct current 
mode, by the key coder 11. A slow rock selection signal 
SR has a DC “1” level when a slow rock rhythm is 
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selected. A chord timing signal CG is outputted by the 
key coder 11 with the timing of producing an automatic 
chord. These signals ABC, SR and CG are applied 
through the channel processor 12 to the digital tone 
generator, where they are used to control an automatic 
chord’s amplitude envelope waveform. 

In the “automatic bass chord performance”, in gen 
eral, keys in the keyboard section are depressed in 
chord form, a chord name is detected from the combi 
nation of the keys thus depressed, tones corresponding 
to the root (fundamental note) and sub-notes of the 
chord are automatically produced as bass tones in ac 
cordance with a bass pattern, and chord forming tones 
are produced automatically with chord tone producing 
timing. A bass automatically formed in supplied, as a 
pedal keyboard key code, to the channel processor 12, 
while a chord is supplied, as a lower keyboard key code, 
to the channel processor 12. In the electronic musical 
instrument relating to this embodiment a device dis 
closed in the speci?cation entitled as “Musical Instru 
ment with Automatic Bass Chord performance Device” 
of US. patent application Ser. No. 825,443 ?led Aug. 
17, 1977 and assigned to the same assignee as the present 
case, can be employed for automatic bass chord perfor 
mance. Such an “automatic bass chord performance 
control device” is provided on the output side of the 
key coder 11, that is, it is provided between the key 
coder 11 and the channel processor 12. However, it 
should be noted that the “automatic bass chord perfor 
mance control device" is included in the key coder 11 in 
FIG. 1. In fact, it is possible that by following the teach 
ing of the US. patent application Ser. No. 825,443 an 
automatic bass chord performance function can be in 
corporated in the key coder 11 to commonly use the 
circuits. Accordingly, this embodiment may employ an 
arrangement in which an automatic bass chord perfor 
mance function is positively incorporated in the key 
coder 11, or it may employ an arrangement in which an 
original key coder part and an automatic bass chord 
performance control part are segregated from each 
other in the key coder 11 which is illustrated as one 
block for convenience in description. The detailed de 
scription of the automatic bass chord performance con 
trol will be omitted. 

In addition, the key coder 11 outputs a memory signal 
MM representative of the fact that information repre 
sentative of a key depressed should be stored even after 
the release of the key so as to be used for musical tone 
production, an up/turn selection signal UT for selecting 
an automatic arpeggio tone’s tone pitch increment pat 
tern or increment and decrement repetition pattern, and 
arpeggio pattern selection signals AP], APZ, AP; and 
AP4 when required; however, their detailed descrip 
tions will be omitted. 
(4) Description of the Tone Production Assigning Cir 
cuit Section 13: 
One example of the tone production assignment cir 

cuit 113 will be described in detail. Referring to'FIG. 5, 
the key code memory circuit 17 comprises a 16-stage/ 1 
bit shift register 31, a data inputting AND circuit 32, a 
self-holding AND circuit 33 and an OR circuit 34 for 
supplying input data to the ?rst stage of the shift regis 
ter 31 for each bit of the key code N1-B3. Each shift 
register 31 carries out its shifting operation every 1 ps in 
accordance with the main clock pulse (in. The number 
of stages in the shift register 31 corresponds to the num 
ber of tone production channels. The key codes 
NW-By' of tones assigned to the respective channels 
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sively outputted by the key code memory circuit 17 in 
synchronization with the respective channel times, each 
having 1 p.s as indicated in the part (a) of FIG. 3, and are 
applied to the one input side of a digital comparator 35 
in a key code comparison circuit 18, to the other input 
side of which the key code N1—B3 having a time width 
of 48 ps delivered from the key coder 11 is applied 
through a group of OR circuits 36. 

In the digital comparator 35, the key code N1—B3 of a 
depressed key which is not changed for 48 ILS is com 
pared with the key code N1*~B3 which is changed 
every 1 us and has been assigned already. In the case 
where the same key code N1—B3 as the key code N1—B3 
has been stored in the memory circuit 17, the coinci 
dence detection signal EQ] is raised to a logical level 
“1” (hereinafter referred to as “1” when applicable) in 
synchronization with the channel time thereof. In the 
digital comparator 35, the comparison is carried out 
independently of the keyboard of the key code N1—B3, 
and the coincidence detection signal EQl is produced. 
The coincidence detection signal EQ] is applied to 
AND circuit 37, 38 and 39, whereby only'the coinci 
dence detection signal EQ] which is provided in the 
channel time of the same keyboard as a keyboard to 
which a key code N1—B3 supplied from the key coder 11 
belongs is selected. For this purpose, the upper key 
board signal U or the lower keyboard signal L or the 
pedal keyboard signal P delivered from the key coder 
11 in synchronization with a key code N1—B3 is applied 
to the AND circuit 37 or 38 or 39, respectively. A key 
code N1*—B3 is assigned to the special channel for the 
respective keyboard, and therefore the signals YUK, 
YLK and YPK representative of the special channels of 
the keyboards, as indicated in the parts (b), (c) and (d) of 
FIG. 3 are applied to the AND circuits 37, 38 and 39. 
The outputs of the AND circuits 37, 38 and 39 are 
applied to an OR circuit 40, the output of which is 
applied, as a comparison output EQ, through an AND 
circuit 41 and a line 42 to AND 'circuits 43 and 44 in the 
assignment control section 19 (FIG. 6). The AND cir~ 
cuit 41 is to suspend the application of the comparison 
output EQ to the assignment control circuit 19 while 
the automatic arpeggio selection signal ARP is supplied 
thereto. In this case, the signal ARP is applied through 
an inverter 45 to the AND circuit 41 to disable the latter 
41. As was described before, while the automatic arpeg 
gio selection signal ARP is being provided, none of the 
keyboard signals U, L and P are provided. Therefore, 
the output of the OR circuit may be introduced to the 
line 42 without providing the AND circuit 41. For the 
period of 48 11.8 during which the automatic arpeggio 
selection signal ARP is outputted, the key code AN 
1—AB2 of an automatic arpeggio tone is applied to the 
OR circuits 36 by the automatic arpeggio circuit 23 
(FIG. 1) and is stored in the key code memory circuit 17 
with the timing corresponding to the fourteenth chan~ 
nel which is the arpeggio special channel. The note 
code N1“—N4* of the output of the key code memory 
circuit 17 is supplied to the automatic arpeggio circuit 
23 (FIG, 1). 

Referring to FIG. 6, the assignment control section 
19 comprises a key-on memory 46, a lower keyboard 
key-on memory 47, a key-on temporary memory, a 
key-off memory 49, and a circuit for controlling the 
data inputting operations and storage cancelling opera 
tions of these memories. Each of the memories 46 
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through 49 has a l6-stage/l-bit shift register so as to 
store the data of the channels in time division manner. 
When a key concerning a key code N1*—B3* which has 
been assigned and stored in the key code memory cir 
cuit 17 is being depressed, a signal “1” (key-on'signal 
K0) is stored by the key-on memory 46 in synchroniza 
tion with the relevant assigned channel. Accordingly, 
this indicates that tone assignment has already been 
done to the channel for which the output of the key-on 
memory is at “l”, and the key of the tone is being de 
pressed. Thus the key code memory circuit 17 and the 
key-on memory 46 together comprise a memory means or 
assignment memory means storing for each assigned chan 
nel both a key code and the associated key depression state 
data. The aforementioned comparison output EQ, the 
output KO of the key-on memory 46 and a key code 
detecting signal KON from an OR circuit 50 (FIG. 5) 
are applied to the AND circuit 43. A note code N1-N4 
supplied by the key coder 11 (or the note code AN 
1-AN4 of an automatic arpeggio) is inputted to the 4 
input OR circuit 50. Accordingly, when any key code 
N1—B3 is supplied to the key code memory circuit 17, 
the key code detection signal KON is raised to “1”. 

Accordingly, the AND circuit 43 outputs a signal 
“1”, when the following three conditions are satis?ed: 

(1) At present, a key code N1—B3 (or AN1-AB2) is 
supplied (KON=“1”). 

(2) The key code N1-B3 has already been assigned to 
a channel. (EQ=“1”). 

(3) The tone assigned to the channel is of a key being 
depressed, (the output of the key-on memory 46 being at 
“1”). This output “1” of the AND circuit 43 will be 
referred to as “an assigned key-on signal AKON” when 
applicable. The signal AKON is applied through an OR 
circuit 51 and an AND circuit 52 to a delay ?ip-?op 53, 
where it is stored. This storage is self-maintained 
through_the OR circuit 51 and the AND circuit 52. A 
signal Y48 applied to the other input terminal of the is 
obtained by inverting a one cycle ?nish signal Y48 (the 
part (1) of 3). More speci?cally, the one cycle 
?nish signal Y48 is provided by an AND circuit 54 in 
the timing signal generating circuit 15 (FIG. 4). The 
third process period signal H3 from the decoder 30 (the 
part (h) of FIG. 3) and a pulse synchronous with the 
16th channel time from the AND circuit 25 are applied 
to the AND circuit 54, and the one cycle ?nish signal 
Y48 is provided in the last channel time of the process 
operation cycle _;a_s_indicated in the part (1) of FIG. 3. 
Since the signal Y48 is obtained by inverting the output 
of the AND circuit 54 by means of an inverter 55, it is 
maintained at “1” for the period of 47 bit-times covering 
the ?rst and second process periods (H1 and H2) plus 
the period from the beginning of the third process per 
iod (H3) to the 15th bit-time thereof (cf. the part (m) of 
FIG. we AND circuit 52 (FIG; 6) enabled by the 
signal Y48 is disabled with the generation timing of the 
one cycle finish signal Y48. Therefore, the self-holding 
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of the delay ?ip-?op 53 is cleared at the last channel ' 
time of the third process period (H3). 

In the case where a key code N1—B3 supplied by the 
key coder 11 is one which has been assigned already, an 
assigned key-on signal AKON is provided in a relevant 
assigned channel time of the 16 bit-times during which 
the ?rst process period signal H1 is outputted. Since this 
signal AKON is immediately stored in the delay ?ip 
?op 53, the output of the delay ?ip-?op 53 is maintained 
‘at “1” for the period of 16 bit-time during which the 
second process period signal H2 is ouputted. This out 
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put of the delay ?ip-?op 53 is applied to an inverter 
56, where it’s level is switched to a logical “0” level 
(hereinafter referred to merely as “0” when applicable), 
as a result of which no new assignment in the second 
process period (H2) is effected. 

In contrast, in the case where a key code N|~B3 sup 
plied by the key coder 11 has not been assigned yet (or 
in the case where an automatic arpeggio key code (AN 
l-AB; is supplied), the output of the AND circuit 43 is 
always at “0” while the ?rst and second process period 
signals H1 and H2 are outputted. Accordingly, no sig 
nal “1” is stored in the delay ?ip-?op 53, and the output 
of the ?ip-?op 53 is maintained at “0”. In this case, 
while the second process period signal H2 is provided, 
the output of the inverter 56 is at “1” without fail. This 
output “1” of the inverter 56 is applied through an OR 
circuit 57 to an AND circuit 58, as a result of which a 
new key-on signal NKO is provided which indicates the 
fact that a key is newly depressed. A key code detection 
signal KON is applied to the AND circuit 58 by the OR 
circuit 50in FIG. 5. When the output of the inverter 56 
is at “l” and this key code detection signal KON is at 
“1” also, it means that a new key code N1—B3 which is 
not assigned yet is supplied. Such a new key code 
N1—B3 should be assigned to any of the channels. For 
this purpose, the output of the key-on memory 46 is 
applied through an inverter 57 to the AND circuit 58, 
thereby to enable the AND circuit 58 in a channel time 
during which key release is effected, and to provide the 
new key-on signal NKO in that channel time. 
The new key-on signal NKO outputted by the AND 

circuit 58 is applied to AND circuits 60, 61, 62 and 63, 
and it is selected by one of the AND circuits 60 through 
63 in synchronization with'a single channel time. The 
new key-on signal NKO thus selected is applied 
through OR circuits 64 and 65 to the key-on memory 
46, where it is stored. The output “1” of the 0R circuit 
64 becomes a load signal LD. The upper keyboard 
signal U, the lower keyboard signal L, the pedal key 
board signal P and the automatic arpeggio selection 
signal ARP are applied to the AND circuits 60 through 
63 by the key coder 11, respectively, as a result of which 
one of the AND'circuits 60 through 73, which corre 
sponds to the keyboards (or function) to which the key 
code N1-B3 being supplied belongs, is enabled. Signals 
YUK2, YLK2, YPK2 and YAR2 representative of the 
keyboards and automatic arpeggio exclusive assignment 
channels are applied to the AND circuits 60 through 63, 
respectively. These signals YUK2, YLK2, YPK2 and 
YAR2 are the exclusive channel signals YUK, YLK, 
YPK and YAR (the parts (b) through (e) of FIG. 3) 
which occur during the second process period indicated 
in the part (g) of FIG. 3, and these signals are provided 
by AND circuits 66 through 69 in FIG. 4. The second 
process period signal H2 is applied to one input terminal 
of each of the AND circuits 66 through 69 by the de 
coder 30, while the upper keyboard exclusive channel 
signal YUK, the lower keyboard exclusive channel 
signal YLK, the pedal keyboard exclusive channel sig 
nal YPK and the automatic arpeggio exclusive channel 
signal YAR are applied to the remaining input terminals 
of the AND circuits 66 through 69 by the OR circuits 
27, 28, 70 and 71, respectively. Thus, the signals YUK2, 
YLK2, YPK2 and YAR2 are provided in the exclusive 
channel times of the second process period, respec 
tively. 
Each of the exclusive channels of the pedal keyboard 

tone and the automatic arpeggio tone is one channel. 










































