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1
CHANNEL PROCESSOR

Natter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a channel processor for as-
signing code signals representing the detected key
switches to respective ones of a plurality of channels for
storage.

For producing a plurality of musical tones simulta-
neously in a digital type electronic musical instrument
including a large number of key switches provided for
selecting desired musical tones, channels equivalent 1n
number to a maximum number of tones to be produced
simultaneously which is smalier than the total number
of keys are provided and production of a tone of a
depressed key is assigned to a suitable one of such chan-
nels. Processing of signals in this type of electronic
musical instrument is generally divided into detection of
key switches in operation and tone production assign-
ment on the basis of such detection of key switches.

There is a prior art device for detecting key switch
operations and assigning tone production as disclosed 1n
the specification of issued U.S. Pat. No. 3,882,751 mn
which all of key switches are sequentially scanned and
a pulse 1s produced at a time slot corresponding to a key
switch in operation among a train of time slots corre-
sponding to the scanning and thus the key switch 1n
operation i1s detected by the time slot at which a pulse 1s
present and in which the signal representing the key
switch in operation is stored in accordance with the
assigned channel. According to this prior art device, the
time slot at which the pulse is present is represented by
time elapsed from a certain reference time potnt (1.e. a
time point at which scanning starts) and data of the
elapsed time are stored 1n a memory. The elapsed time
differs for each of thekey switches and therefore is
capable of discriminating one key switch from another.
For example, sequential time slots during the scanning
operation are counted by a counter (i.e. time elapsed
from the reference time point is measured) and a count
at the time slot at which the pulse exists 1s assigned and
stored as an operating-key-switch identifying signal.

In the prior art devices, time required for detecting
the key switch in operation is fixed depending upon the
scanning time and this fixed time gives rise to waste of
time. More specifically, since the number of keys de-
pressed simultaneously s much smaller than the total
number of the keys, the number of time slots at which
no pulse 1s found as a result of detection 1s much greater
than the number of time slots at which the pulse exists.
No assignment operation is performed at time slots at
which the pulse is absent and, accordingly, much time is
spent in vain. Further, time allotted to actual processing
of signals 1s sacrificed to a considerable extent due to
this waste of time so that a circuit design with an ample
operation time cannot be realized and this gives rise to
an undesirable problem that a relatively high clock rate
must be used in the system. Furthermore, the prior art
construction in which all the key switches are scanned
one by one within a fixed time tends to produce an
undesirable time delay between the actual operation of
the key switch and detection thereof.
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The delaved detection of the depression of the key
results 1n delav of production of the musical tone. Al-
though the detection of the depression of the kev s
seldom delaved to such an extent that delay 1n produc-
tion of the tone 1s perceivable to the human sense. the
start of production of the tone should respond to the
start of depression of the keys as quickly as possible.
The prior art devices are apparently disadvantageous 1n
this respect. If. on the other hand, cease of production
of the tone does not immediately follow the release of
the depressed key, this will not necessarily give an un-
natural impression to the audience. This 1s because the
cease of production of the tone 1s followed by echoes or
attenuation of the tone and the time lag between the
release of the key and the cease of reproduction of the
tone 1s accepted by the audience as a matter of fact
Accordingly, the ume lag 1s hardly perceptible to
human heairing. For the reason stated above. impor-
tance 1s placed on a quick response of the detecting
operation to the actual start of depression of the key.

SUMMARY OF THE INVENTION

[t is, therefore, an object of the present invention to
provide a channel processor capable of assigning and
processing key codes efficiency without wasting time.

[t is another object of the invention to provide a
channel processor capable of detecting keying-off on
the channel processor side.

According to the present invention, a key code which
1s supphed from a key coder without waste of time is
assigned to one of a plurality of channels. There are
provided memory circuits (storage positions) corre-
sponding to the respective channels and the detected
key code is stored in one of these memory circuits. If a
certain key code has been stored in a certain memory
circuit (storage position), it means that the key code has
been assigned to a channel which corresponds to the
particularly memory circuit. The basic conditions of the
assignment operation are:

(A) The key code should be assigned to a memory
circuit in which no storage has yet been made (1.e. an
empty channel).

(B) The same key code should not be concurrently
stored in plural memory circuits (1.e. plural channels).

In the case of an electronic musical instrument, the
key code stored in the memory circuit (i.e. assigned 1o a
channel corresponding to the memory circuit) is uti-
lized for producing a musical tone signal designated by
a key corresponding to the key code. In producing a
plurality of musical tones by a time division system,
these memory circuits should preferably be constructed
of circulating type shift registers having a certain num-
ber of shift stages (i.e. storage positions).

When the depressed key i1s released and the corre-
sponding key switch ceases operation, production of the
key code of the key switch ceases. Since no specific
time slots are allotted to the respective key switches
the present invention, the detection principle of the
prior art device relying upon disappearance of a pulse
from a specific time slot cannot be apphed. According
to the basic concept of the present invention, a signal
termed a “‘start code” is substantially regularly inserted
between sequentially produced key codes of the key
switches in operation. The start code i1s a code (a combi-
nation of signals “0” and "1”), clearly distinguishable
from the key codes. When the start code 1s applied.
instead of the key code, to a circuit implementing the
key code assignmeni operation, that circuit does not
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perform the key code assignment operation but operates
to judge whether the key switch of the already assigned
key code has finished 1its operation or not and detect a
key switch which has finished its operation. For this
purpose, memories are provided for memorizing chan-
nels in which the key codes have been assigned in ac-
cordance with the assignment operation and contents
stored in these memories are compulsorily cleared at a
substantially regular time interval by means of the start
code. If the same key code 1s not applied to the memory
during a period of time from the compulsory resetting
till generation of a next start code, the key switch of that
key code is judged to have stopped its operation (i.e. the
key has been released).

Accordingly, completion of the key switch operation
1s detected only when the start code i1s present and not
during a period between generation of the start codes.
This arrangement is very convenient for an electronic
musical instrument, because it can effectively prevent
adverse effects by chattering which tends to occur in a
short period of time when the depression of the key has
started or the depressed key is being released. Since
completion of the key switch operation (switching off)
1s not detected in the interval between generation of the
start codes which can be determined as desired, the
chattering of the key switch is not sensed. Although this
arrangement 15 accompanied by some delay in response
in detecting the completion of the key switch operation,
such delay in response is permitted in the case of release
of the key for the reason described above. The inven-
tion therefore provides the most desirable form of de-
tection of the key switch operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram schematically showing the
entire construction of an embodiment of the channel
processor according to the invention;

FIGS. 2(a) through 2(g) are diagram for explaining
symbols used for indicating logical circuit elements;

FIGS. 3(a) through 3(j) are graphical diagrams for
explaining clock pulses used in the above embodiment;

FIG. 4 1s a circuit diagram showing an example of a
circuit for generating various pulses;

FIG. § is a block diagram showing the essential por-
tion of the channel processor of FIG. 1 in detail;

FIGS. 6(a) through 6(f) are timing charts for explain-
Ing consensitiveness to chattering;

F1G. 7 1s a block diagram showing a part of a truncate
circuit of FIG. 1 in detail;

FIG. 8 1s a block diagram showing a part of an elec-
tronic musical instrument to which the channel proces-
sor according to the invention is applied in connection
with an envelope generation circuit; and

FI1G. 91s a graphical diagram showing a typical enve-
lope shape.

DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

FIG. 11s a block diagram schematically showing the
entire construction of an embodiment of thekey switch
detection and processing device including the channel
processor according to the invention. The device in-
cludes a key coder 101 which detects key switches in
operation and thereupon generates key codes KC and a
channel processor 102 which implements assignment of
the key codes KC provided by the key coder 101 to
some of the channels.
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The key coder 101 1s described in the specification of
the appliant’s copending application Ser. No. 712.815
filed on Aug. 9, 1976 ENTITLED "A DEVICE FOR
DETECTING A KEY SWITCH OPERATION™
The key coder 101 is adapted to provide a key code
which consists of a note code NC and a block code BC
as well as a start code SC.

In the channel processor 102, the key code KC deliv-
ered from the key coder 101 is applied to a sample hold
circutt 1 in which it is sampled and held with a timing of
clock pulse &g. This holding period, i.e. the period of
the clock pulse &g, corresponds to an operation time
during which one assignment operation is implemented
in the channel processor 102. In the meantime, the key
code KC 1s also delivered from the key coder 101 in
accordance with this operation time and in synchronism
with a clock pulse ¢4shown in FIG. 3(d). Accordingly.
when a next clock pulse ¢ gis generated, a different kev
code KC has been supplied to the input side of the
sample hoid circuit 1.

A key code memory circuit 2 comprises memory
circuits equal in number to the channels and a gate at
the mput side thereof. The Key code memory circuit 2
may preterably be composed of a circulating shift regis-
ter. If the number of the channels is n and each kev code
has m bits, a shift register of n stages (1 stage having m
bits) 1s employed. A stored (i.e. assigned) key code KC*
1s fed back to the input of the shift register. The kev
codes KC* for the respective channels provided in a
time shared fashion by the memory circuit 2 in response
to a master clock pulse ¢ are used for generation of a
musical tone waveform.

A key code comparison circuit 3 is provided for com-
paring the input key code KC with the stored key code
KC* and produces a result of comparison, i.2. coinct-
dence or no coincidence of these key codes. This com-
parison 1S made for detecting whether the above de-
scribed condition (B) for the assignment is satisfied or
not. The result of comparison is stored in a comparison
result memory circuit 4 and held therein during an
operation time required for a single assignment opera-
tion. The stored result of comparison thereafter is ap-
plied to a set and reset signal generation circuit 5.

The set and reset signals generation circuit 5§ pro-
duces, upon detecting that the conditions (A) and (B)
have both been satisfied, a set signal S and a reset signal
C. These set signal S and reset signal C are applied to
the gate of the key code memory circuit 2 thereby to
control the gate so as to clear the feed back input side of
the memory circuit 2 for enabling it to store a new key
code KC, 1.e. assigning the key code KC to a certain
channel. Availability of an empty channel can be known
by detecting presence or absence of the stored key code
KC* For this purpose, a busy signal BUSY indicating
presence or absence of an empty channel is provided by
the memory circuit 2.

A key code detection circuit 6 detects which key-
board the input key code KC belongs to for discriminat-
ing pedal keyboard tones from manual keyboard (upper
and lower keyboards) tones and assigning the respective
tones to predetermined channeis. The circuit 6 also
produces a key-off examination timing signal X at a
regular interval. The start code SC is detected by the
circuit 6 by regularly intervening in the sequential sup-
ply of thekey codes KC and the detected start code 1s
decoded for generating the key-off examination timing
signal X.
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A kev-on temporary memory circuit 7 has memory
circults (storage positions) corresponding to the respec-
tive channels. When the set signal S 15 produced for
assigning key code KC to a certain channel. the circun
7 memorizes a signal 17 in its corresponding channel.
This storage 1s compulsorily reset by the signal X and.
when the same key code KC 1s applied. a coincidence
detection signal 1s provided by the key code comparison
circutt 3 and a signal 17 1s stored again in the same
channel in response to this coincidence detection signal.

A key-off memory circuit 8 also has memory circuits
(storage posttions) corresponding to the respective
channels. When the signal X 1s produced, the ctrcuit 8
detects a channel in which a signal *“1" is not stored in
the key-on temporary memory circuit 7 and, judging
that the operation of the key switch of the key code
assigned to this channel has finished, stores a key-off
signal D representing release of the key in a memory
circutt (storage position) corresponding to the channel.

A truncate circuit 9 detects, when the key code KC*
has been assigned to all of the channels in the key code
memory circuit 2, a channel in which attenuation of the
tone of a released key has advanced to the fourthest
degree and thereupon produces a truncate channel des-
ignation signal MTCH designating that channel. The
degree of attenuation can be known by a signal supplied
by an envelope generation circuit 103 (F1G. 8). This
truncate channel designation signal MTCH is applied to
the set and reset signals generation circuit 8. When the
conditions (A) and (B) have both been satisfied (i.e.
when the key code KC has not been stored vyet), the
circult § produces the set signal § and the reset signal C.
The stored key code KC* in the specific channel there-
fore 1s reset and a new key code KC from the key coder
101 is stored in the channel.

Before describing the operation of the channel pro-
cessor 102 in detail, symbols used in the accompanying
drawings for indicating logical circuit elements and
time relations between various pulses such as the clock
pulse &4 used in the key coder 101, the clock pulse dpg
used in the channel processor 102 and the master clock
pulse &; will be explained.

FIG. 2(a) represents an inverter, FIGS. 2(b) and 2(c)
AND gates, FIGS. 2(d) and 2(e) OR gates, FIG. 2(f) an
exclusive OR gate and FI1G. 2(g) a delay flip-flop re-
spectively.

An AND gate or OR gate with only a few input lines
1s represented by the symbol shown in FIG. 2(b) or
FIG. 2(d) and one with a relatively large number of
input lines is represented by the symbol shown in FIG.
2(c) or FIG. 2(e). In the symbol shown in FIG. 2(¢) or

FIG. 2(e), one input line is drawn on the input side of

the AND or OR gate and signal transmission lines are
drawn in such a manner that they cross the input hne
with each crossing point of the input line and the signal
transmission line transmitting a signal to the input termi-
nal of the AND or OR gate being marked by a circle.
Accordingly, logical formula of the AND gate shown
in FIG. 2(c) 1s X=A.B-D, whereas the logical formula
of the OR gate shown in FIG. 2(e) is X=A +B+C.
FIG. 3(a) shows the master clock pulse ¢; with a
pulse interval of 1 us. This pulse interval is hereinafter
referred to as a “‘channe] time”. If the maximum number
of tones to be produced simultaneously is 12, the total
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number of the channels is 12. Time slots with a width of 65

l us divided by the master clock pulse ¢ are allotted to
the respective channels of the first to the twelfth chan-
nel. This arrangement is employed because the memory

6

circuits and logical circuits in the present embodiment
are constructed tn dvnamic logic so that they are used 1n
time sharing. As shown in FIG. 3(b). the respective time
slots are referred to as the first channel time . . . twelfth
channel time. Each channel time circulatingly occurs.

The clock pulse &g having a pulse interval of 24 us
which 1s equivalent 1o the operation time required for
effecting a single assignment operation in the channel
processor 102 1s produced at the first channel time
every time the respective channel times have circulated
twice as shown in FIG. 2(C). The clock pulse &4 (FIG.
3(d)) which 1s shifted in phase by 7 1s used for control-
ling timing of operation in the key coder 101. Contents
of the key code KC supplied from the key coder 101 to
the channle processor 102 change every 24 us In re-
sponse to the clock pulse ¢4 so that the same contents of
the key code KC are maintained during the interval of
the pulse &4 (1.e. 24 us). The key code KC the contents
of which have changed in response to the pulse &4 is
sampled at a time point when 12 us have elapsed and
conductor capacitance to be described later has been
charged or discharged, i.e. at a time point when the
pulse ¢p is used for ensuring maintenance of precise
contents of the key code KC.

An operation time Tp for a single assignment opera-
tton which 1s equivaient to the interval of the pulse &3
1s divided into former one cycle period Tp; and latter
one cycle period Tpy. The former period Tp) is desig-
nated by pulse Y1-12 as shown in FIG. 2(e) and the
latter pertod Tp2is designated by pulse Y13.24 as shown
in FIG. 3(f). In the former period Tp;, preparatory
operations for the assignment such as comparison in the
key code comparison circuit 3 and detection of the
channel in which the decay has advanced to the further
degree in the truncate circuit 9 are conducted. In the
latter period Tp;, storing operation corresponding 1o
the assignment such as storage of the key code KC 1n
the key code memory circuit 2 is effected.

In the present embodiment, the first channel is aliot-
ted to production of tones of the pedal keyboard and the
second to the twelfth channels are allotted to produc-
tion of tones of the manual keyboards. Accordingly, the
assignment operation concerning the pedal keyboard is
implemented at the first channel time and the assign-
ment operation concerning the manual keyboards is
implemented at the second to the twelfth channel times.
The pulse Y3-121s produced for the former period of the
assignment operation concerning the manual keyboards
and the pulse Yi4-24 15 produced for the latter pertod of
the assignment operation concerning the manual key-
boards (FIGS. 3(g) and 3(h)). The pulse Y 3(FIG. 3(1))
which 15 used in the latter period for the assignment
operation concerning the pedal keyboard is substan-
tially the same as the clock pulse ¢ 4. The pulse Yia.
(FIG. 3()) 1s generated at the end of the assignment
operation time Tp, 1.e. at the twelfth channel time in the
latter period Tpa.

The pulses shown in FIG. 3 are generated by a syn-
chronizing signal generation circuit as shown in FIG. 4.
The synchronizing signal generation circuit comprises a

- senes shift-parallel output type shift register SR, of 24

stages. The shift register SR; has a signal **1"" in one of
the stages and this signal **1” 1s successively shifted
accordance with the master clock ¢;. For achieving
this, ouputs from the first to the twenty-third stages are
all delivered to an OR gate ORL and applied to the
input side through an inverter INV. The outputs from
the second to the twelfth stages constitute the pulse
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Y:_12 and the outputs from the thirteenth to the twen-
tyfourth stages constitute the pulse Y 14-24. Further, the
output of the first stage constitutes the clock pulse dg
and the output of the thirteenth stage constitutes the
clock pulse &4 and the pulse Y 1.

Assignment operation

The operations of the circuits (n the channel proces-
sor 102 will now be described.

FIG. § is a circuit dtagram showing the channel pro-
cessor 102 of FIG. 1 in detail (except the truncate cir-
cuit 9). The sample hoid circuit 1 comprises a plurality
of MOS transistors 11-19 and capacitors 11C-19C cor-
responding to the respective bits N, Ny, N3, N4, B4, By,
B;, K| and K of the key code KC. As clock pulse ¢35
(FIG. 3) 1s applied to the gate of each of the MOS tran-
sistors, the key code KC(N{-K3) from the key coder
101 1s sampied and held in the capacitors 11C-19C. The
key code bits N1-K; held in the capacitors 11C-19C is
continuously applied to the key code memory circuit 2,
the key code comparison circuit 3 and the key code
detection circuit 6 during the single assighment opera-
tion time Tp (FIG. 3).

The key code memory circuit 2 comprises nme 12
stage shift registers 211-219 for respective bits of the
key code N|-K3. The 12 stages of each of these shift
registers define the 12 channels. The shift registers
211-219 are driven and successively shifted by the mas-
ter clock pulse ¢1(FIG. 3) and the output of the final
stage thereof is fed back to the input side thereof. Ac-
cordingiy, the shift register 211-219 constitute, as a
whole, a circulating type shift register of 12 stage (1
stage=9 bits of N|-K;). The respective stage of the
registers 211-219 constitute the memory circuits (stor-
age positions) equal in number to the channels. The key
code (MN|-MK;) already assigned to some of the chan-
nels are stored in the stages of the shift registers 211-219
corresponding to the channels. A stage constituting an
empty channel has no storage of the key code, te. it 1s
empty. The channel to which the stored key code KC*
(MN{-MK) has been assigned can be known by the
timings at which the outputs of the final stages of the
shift registers 211-219 are produced. Alternatively
stated, the channel to which the key code has been
assigned i1s known by the channel time at which the
stored key code MN-MK:; 15 delivered out. The
(stored) key codes KC* (MN|-MK) assigned to the
respective channels are successively delivered out in a
ttme shared fashion at the respective channel times
shown 1n FIG. 3(b) and successively supplied to a cir-
cutt utilizing the key codes (not shown) and also fted
back to the input side of the shift registers 211-219. The
delivered out key code is apphied also to the key code
comparison circuit J.

The stored key codes KC* (MN |-MK ) of the re-
spective channel are applied in a time shared fashion to
the key code comparison circuit 3 twice during the
operation time Tp. The respective channels complete
one circulation 1n the former period Tp) (FIG. 3) and a
next one circulation in the latter period Tpa(FIG. 3). On
the other hand, the contents of the key code
KC(Ni-K:) of the detected key switch in operation
provided by the sample hold circuit 1 do not change
during one operation Time Tp. Accordingly, the com-
parison operation for detecting whether the same key
code as the key code KC of the detected key switch in
operation has already been stored in the key code mem-
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ory circuit 2 or not is accurately implemented during
the former period Tp;.

The key code comparison circuit 3 comprises nine
exclusive OR circuits 311-319 corresponding to the
respective bits N|-K; of the key code. The exclusive
OR circuits 311-319 receive at one of their input termi-
nals the respective bits N|-K1 of the key code of the
detected key switch and at the other input terminals the
respective bits MN |-MK; of the stored key code KC*
[f the key code MN |-MK; assigned to a certain channe!
coincide with the key code N |-K; of the detected key
switch, the outputs of all of the exclusive OR circuits
311-219 at this channel time become a signal 0", If
there 1s no coincidence, any of the exclusive OR circuits
311-319 produces a signal *“1”. Accordingly, an OR
gate 300 to which all outputs of the exclusive OR cir-
cuits 311-319 are applied produces a signal “O" when
there is coincidence and a signal "1 when there is no
coincidence. A coincidence detection signal EQ ob-
tained by inverting the output of the OR gate 300 by an
inverter 301 is a signal 1" when there is coincidence
and a signal “0” when there is no coincidence. The
channel of the key code KC* which coincides with the
key code KC of the detected key switch can be known
by the channel time at which the signal EQ becomes
"1,

The OR gate circuit 300 receives also the output of an
inverter 302. This inverter 302 produces a signal "1~
only when the key code KC is not provided by the key
coder 101. For this purpose, signals for the bits K, K.
representing the keyboard are applied to an OR gate
303 and the output of the OR gate 303 in turn 1s applied
to the inverter 302. Since the signals K |, Kz are both 0"
when the key code KC 1s not applied to the channeli
processor 102, the output of the tnverter 302 is a signal
*1”, This arrangement is provided for preventing gen-
eration of a false coincidence detection signal EQ (= 1)
by the inverter 301 resulting from comcidence between
a code in which the bits N1-K; are all 0" produced
when there 1s no tnput representing the key switch and
code of an empty channel in which the bits MN|-MK -
are all 0",

The coincidence detection signal EQ 1s applied to an
OR gate 401 of the comparison result memory circuit 4
and thereafter i1s supplied to a delay flip-flop 403
through AND gate 402. The AND gate 402 also re-
ceives a reset pulse Yiq (FIG. 3) which has been in-
verted by an inverter 404. Accordingly, the AND gate
402 1s inhibited only when the puise Y415 generated and
in other time gates out the signal from the OR gate 401
to the flip-flop 403. The input signal to the flip-flop 403
is delivered therefrom after being delayed by 1 bit time
(1.e. 1 channel time) by the clock pulse ®,. This outpur
of the flip-tflop 403 is self-heid through the OR gate 401
This self-holding is released by the reset pulse Y.y If
the key code KC* assigned to a certain channel coin-
cides with the key code KC of that channel time in the
tormer period Tpiis *17. Accordingly, the signal 17 is
held in the flip-flop 403 during a period from the chan-
nel time till the end of the latter period Tpa. If no stored
key code KC* coincides with the key code KC of the
detected key switch, the stored contents of the flip-flop
403 are 0", The fact that the storage of the flip-tlop 403
15 a signal "0’ at a time point when the former period
T'py has finished signifies that the condition (B) ot the
assignment has been satisfied. because this fact repre-
sents that the input key code KC has not been assignad
to any of the channels vet. The output of the flip-tlop
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403 15 applied to the set and reset signals generation
circult § as a comparison result memory signal REG.

In the set and reset signal generation circuit 5, the
comparison result memory signal REG 15 inverted by
an inverter 31 and supplied to AND gates 52, 33 and 54 5
as a signal REG.

The assignment operation concerning key codes for
the manual kevboards (i1.e. upper keyboard UK and
lower kevboard LK) will first be described. Since the
bit K of the key code of the upper keyboard UK s 0" 10
and the bit K; thereof is 1", signals K; and K> are
applied to an AND gate 62 for detecting the key code of
the upper keyboard UK. And since the bit K of the key
code of the lower keyboard is ““0”, signals K and K3 are
applied to an AND gate 63 for detecting the key code of 15
the lower keyboard LK. By applying the latter period
pulse Yis-24 for the manual keyboards (FIG. 3) to the
AND gate 62, 63, the above described detection is con-
ducted 1n the time assigned to the manual keyboards in
the latter period Tp2. The outputs of the AND gates 62 20
and 63 are applied to an OR gate 64. If the input key
code KC 1s for the manual keyboard, a signal *'1” 1s
provided by the OR gate 64 in the time corresponding
to the pulse Y4-24. The output of the OR gate 64 is
supphied to the AND gates 53 and $4. The operation of 25
the AND gate 54 concerns the truncate operation to be
described later and description will now be made about
the operation of the AND gate 53.

The AND gate 83 produces a signal “!" when the
conditions (A) and (B) of the assignment have both been 30
satisfied. The achievement of the condition (B) can be
detected by the signal REG which is obtained by invert-
ing the comparison result memory signal REG by the
inverter 51, whereas the achievement of the condition
(A) can be detected by a signal BUSY which is obtained 35
by inverting the busy signal BUSY by the inverter 585.
The busy signal BUSY which represents whether the
key codes have been assigned to the respective channels
or not can be obtamed by examining contents of the
respective stages of the shift registers 211-219 of the 40
key code memory circuit 2. If no signal **1” is stored in
any of the shift register 218 and 219 corresponding to
the bits K| and K3 which represent the kind of the key-
board, 1t signifies that a key code has not been assigned
yet tn that channel (i.e. the channel is empty). If a signal 45
“17 s stored 1n either one of the shift registers 218 and
219, 1t signifies that a key code has been assigned to that
channel. Accordingly, the outputs of the shift registers
218 and 219 are applied to an OR gate 201 to cause it to
produce the busy signal BUSY. The output of the OR 50
gate 201 1s produced for each channel in a time shared
fashion. The busy signal i1s **1”" at a channel time corre-
sponding to the channe] to which the key code KC is
assigned (i.e. the key code KC* is stored), whereas it 1s
0" at an empty channel time. Accordingly, the fact 55
that the busy signal BUSY is **0” signifies that the con-
dition {A) has been satisfied. The output of the OR gate
201 1s supplied to a circuit such as an envelope genera-
tion circuit 103 (FIG. 8) as a key-on signal A represent-
ing a channel which will become busy upon assignment 60
of a depressed key.

As a new key has been depressed in the manual key-
board and it has been found that the key code KC of the
new key does not coincide with the stored key code
KC* (1.e. REG=0), the AND gate 83 i1s enabled to gate 65
out a signal 1™ at a channel time corresponding to the
earliest empty channel (in the order of the second chan-
nel . . . the twelfth channel) in the time of the pulse

10
Y 1s-24 1n the latter period. The output signal 1" of the
AND gate 53 causes the set signal S (=1} and the reset

signal C (=1) to be produced through the OR gates 56
and 37. The set signal S instructs that the input kev code
KC should be assigned to a channel corresponding 10
the channel time at which the signal S has been pro-
duced.

When the new assignment has been instructed by the
set signal S, the stored key code KC* of the specific
channel in the key code memory circuit 2 is rewritten to
the tnput key code KC. For this purpose. a gate includ-
ing AND gates 202 and 203, an OR gate 204 and an
inverter 205 1s provided on the input side of the respec-
tive shift registers 211-219. The input gates of the shift
registers 211-219 are all separately provided but the
same reference numerals 202, 203, 204, and 205 are
commonly used throughout all of these shift registers
211-219, for convenience of explanation. The AND
gates 202 receive the signals of the respective bits
Ni-K; of the input key code at one input thereof and
the set signal S at the other input thereof. The AND
gates 203 receive the outputs MN|-MK.: of the shift
registers 211-219 at one input thereof and an inverted
signal of the reset signal C provided through the in-
verter 203 at the other input thereof.

If a new assignment is not instructed, the reset signal
C 1s “0" so that the stored key code MN;_ppi> 18 circu-
tated and held in the shift registers 211-219 through the
AND gates 203. When the set signal S has been gener-
ated, the AND gates 203 are inhibited and the stored
key code MN1-MK. of that channe] is blocked. On the
other hand, the AND gates 202 are enabled and the
respective bits Ni~K3 of the input key code KC are
applied to the shift registers 211-219. The stored key
code in the channel corresponding to the channel time
at which the set signal S has been generated is rewritten
and the input key code KC is assigned to the channel.

As the input key code KC has been assigned at a
timing of generation of the set signal S, the set signal S
1s applied to the OR gate 401 of the comparison result
memory circuit 4 thereby to cause the flip-flop 403 to
store a signal “1” and turn the signal REG into "1™,
This arrangement is provided for preventing the same
key code KC from being assigned to another channel.
Accordingly, the set signal S is produced for one chan-
ne] only in a single operation time Tp and the input key
code KC 1s assigned to one channei only.

The assignment of the pedal key code will now be
described.

The AND gate 61 of the kev code detection circuit 6
detects whether the input key code KC is one for the
pedal keyboard or not. If the input key code KC is one
for the pedal keyboard, the bits K, K3 of the key code
are both ‘1", These signals of the bits K, K> are applied
to the AND gate 61. The pedal keyboard latter period
pulse Y13 (FIG. 3) 1s also applied to the AND gate 61.
Accordingly, if the input key code KC is one forthe
pedal keyboard, a signal 1" 1s produced by the AND
gate 61 at the first channel time in the latter period Tp:.
This output of the AND gate 61 1s applied to the AND
gate 52. As the AND gate 32 1s enabled, a signal *'1” 1s
produced at the first channel (pulse Y3) in the latter
period Tp2 and, consequently, the set signal § and the
reset signal C are produced. The output signal 1" of
the AND gate 52 instructs that the input key code KC
concerning the pedal keyboard should be assigned to
the first channel. The AND gate 52 is not provided with
the signal BUSY so that 1t only detects the condition (B)
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by means of the signal REG. This is because only one
tone of the pedal kevboard 1s assigned in the present
embodiment and the first channel 1s allotted exclusively
for the pedal keyboard tone. Accordingly, if the stored
key code KC* of the pedal keyboard already assigned
to the first channel does not coincide with the input key
code KC (1.e. REG=0), the assignment of the stored
kev code KC* is compulsorily released (1.e. reset by the
signal C) and the new input key code KC is assigned to
the first channel. This assignment operation for the
pedal keyboard is implemented regardless of whether
the key concerning the stored key code KC* of the
pedal keyboard is being depressed or has been released.
Accordingly, existence of an empty channel as in the
condition (A) need not be considered in the assignment
operation concerning the pedal keyboard.

Key-off detection

The start code SC used for detection the completion
of the key switch operation, i.e. key-off is generated
substantially regularly from the key coder 101. The
start code SC (N|-K3) applied to the sample hold cir-
cuit 1 is sampled by the clock ¢ gas in the case of the key
code KC and held in the condensers 11C-19C during
one assignment operation time Tp. Since the bits N(-Ng4
representing the note of the start code SC are all signal
**17, the bits N|-Ng4 are appiied to the AND gate 65 in
the key code detection circuit 6 for detecting the start
code SC. As the start code SC has been detected, the
key-off examination timing signal X (="1"")1s provided
by the AND gate 65 in the latter period Tpz. This exam-
tnation timing signal X is supplied to the key-on tempo-
rary memory circuit 7 and the key-off memory ctrcuit 8.

The key-on temporary memory circuit 7 comprises a
shift register 71 of 12 bits. The respective stages of the
register 71 correspond to the respective channels. This
memory circuit 7 temporarily stores the channel to
which the key code has been assigned (1.e. key-on) dur-
ing the interval between the regularly generated start
codes SC. When a new key has been depressed and the
set signal S(representing new key-on) for assigning the
key code KC has been generated, the set signal S s
applied to the shift register 71 through the OR gate 72
and a signal 1" is stored in the channel. The signal **1”
is delayed by 12 bit times by the clock &\ and delivered
from the final stage of the shift register 71 at the same
channel time. The output signal “1" is applied to an
AND gate 73 and fed back to the input side of the shift
register 71 via an OR gate 72. The AND gate 73 also
recetves a signal obtained by inverting the examination
timing stgnal X by an inverter 74. Normally (when the
key code KC is generated), the output of the inverter 74
s '“1" so that the contents of the shift register 71 are
held. When the examination timing signal X 1s gener-
ated. the AND gate 73 1s inhibited and the storage of the
shift register 71 1s all reset. This is because the examina-
tion timing signal X is generated in the latter pernod
Tp:. Thus, the key-on storage in the key-on temporary
memory circuit 7 1s regularly reset by the signal X, 1.¢.
the start code SC.

Assume that the examination timing signal X IS pro-
duced substantially regularly in the order of time ty,
Ty, tya. .. At the time tyy, the storage of the respective
channels of the shift register 71 is compulsornily reset
notwithstanding that the key code KC™* 1s stored 1n the
corresponding channels in the key code memory circuit
2. Then, the start code SC (signal X) disappears and the
key code KC is successively supplied to the sample hold
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circuit 1. A signal "1 1s again stored in the specitic
channel of the shift register 71 in response to the set
signal S or an old key-on signal OKN trom an AND
gate 304 of the key code comparison circuit 3. The
AND gate 304 receives the coincidence detection signal
EQ and also the pulse Y3.24 in the latter period Tp-. [f
the key switch of the key code KC* assigned 1o a cer-

‘tain channel remains in operation after the time ty, this

state is detected by the key coder 101 and the kev code
KC of this key switch 1s applied again to the sample
hold circuit 1. Accordingly, if the input key code KC
coincides with the stored key code KC*, the coinci-
dence detection signal EQ is a signal **|™ at the channel
time in the former period Tp; and the latter period Tpa.
The AND gate 304 gate 304 selects the signal EQ 1n the
latter period Tp; which is a period for writing and pro-
duces the old key-on signal OKN which indicates that
the key of the key code KC* assigned to the channel 1s
still being depressed (1.e. the key switch ts still in opera-
tion). The old key-on signal OKN is applied to the shift
register 71 through the OR gate 72 for setting the stor-
age of the specific channel which was once reset by the
examination timing signal X. Accordingly, when the
examination timing signal X i1s generated at the next
time ty2, a signal *“1” is stored in the specific channel ot
the shift register 71. In the above described manner.
even If the storage in the key-on temporary memory
circuit 7 is temporarily cleared by the key-off examina-
tion timing signal X, the signal 1s stored again tn the
channel before next appearance of the signal X so long
as the key remains depressed.

The output TA of the final stage of the shift register
71 is supplied to the key-off memory circuit 8 and ap-
plied to an AND gate 82 through an inverter 81. Detec-
tion of key-off is performed only during the time when
the examination timing signal X 1s produced. Alterna-
tively stated, the key-off detection 1s performed regu-
larly in accordance with application of the start code
SC.

Conditions of the key-off detection are:

(I) The key code KC* of the specific key has already
been assigned (i.e. the key-on signal A 1s **1™), burt

(II) The key code is not stored in the corresponding
chammel of the key-on temporary memory circutt 7 (1.e.
the output signal TA of the shift register 71 1s "0"), and

(IIT) The conditions (I) and (II) have been satistied
when the examination timing signal X 1s produced (1.e.
the signal X 1s “1").

Detection of the conditions (I)-(1II) 1s made by the
AND gate 82.

[f the old key-on signal OKN 1s produced with re-
spect to the key code KC* assigned to a certain channel
at a time point between the time ty; and ty2, a signal "1"
1s held in the channel of the shift register 71. Accord-
ingly, the signal TA 1s *1”" even if the examination signal
X is generated at the ty2, so that the AND gate 82 1s not
enabled. If the key code KC which coincides with the
stored key code KC* is not applied in the interval be-
tween the time t,2 and the time t 3 when the next signal
X is produced, the old key-on signal OKN s not pro-
duced and, accordingiy, the corresponding channel in
the shift register 71 remains in the reset condition (r.e..
signal “0""). Consequently. when the examination timing
signal X 1s generated at the time t,3 (in the latter period
Tpi2, X =signal *17), a signal 1" 1s applied to the AND
gate 82 through the inverter 81 at a channel ume for a
channel in which the signal TA i1s 0", Thus, the AND
gate 82 which also receives the key-on signal A repre-

L
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senting that the key code has already been assigned ts
enabled. The AND gate 82 thereupon produces a signal
“1" at this channel time. This signal 1" 1s stored in the
specific channel of a shift register 84 through an OR
gate 83.

The shift register 84 has 12 stages corresponding to
the respective channels and contents of these stages are
shifted by clock &;. The output of the final stage 1s
supplied as a kev-off signal D to a circuit such as the
envelope generation circuit 103 (FIG. 8) which will
utilize the signal and also fed back to the input side
thereof through an AND gate 85. The contents of the
respective channels circulate in a time shared fashion.
Alternatively stated, when the key concerning the key
code KC* assigned to the channel has been released, the
shift register 84 possesses a signal ‘1" in the specific
channel in accordance with the signal from the AND
gate 82. This signal ‘1" i1s used as the key-off signal D.

As described in the foregoing, if no old key-on signal
OKN is produced in the channel (the signal TA 1s 0" at
the time when the signal x is generated) notwithstand-
ing that the kev-on signal A is generated (1.e. the key
code KC* has been assigned) in the interval between
the generation of the examination timing signal X (start
code SC), e.g. between the time tx7 and the time txj,
key-off i1s detected. Since the AND gate 85 is inhibited
by the reset signal C, the key-off storage in the channel
in which the reset signal C has been generated 1s cleared
in the shift register 84. In the post-stage circuit utilizing
the key-off signal D, the reproduction of the tone in the
channe! is attenuated when the key-off signal D 1s ap-
plied thereto. |

The key-off signal D is also supplied to the AND
gates 58 and 89 of the set and reset signals generation
circuit 5. The AND gate 58 also recetves the old key-on
signal OKN. If a key has been released and the tone of
the key has entered and attenuating state (1.e. D=1) and
then the same key is depressed again, coincidence of the
key code is detected (i.e. OKN=1) at the previously
assigned channel time and the AND gate 58 produces a
signal 1", Thereupon, the set signal S and the rest
signal C are generated and key code is assigned to the
same channel,

The reset signal C which is generated with the set
signal S is used for rewriting the storage of each mem-
ory circuit, whereas the reset signal C which i1s gener-
ated slone (without being accompanied by generation of
the set signal S) 1s used for clearing the storage of the
channel completely. When production of the tone in the
channel has been completed (1.e. attenuation has
ceased), a decay fimish signal DF s provided at that
channel time by the envelope generation circuit (not
shown). This signal DF is applied to an AND gate 39.
The pulse Yi3.24 15 also applied to the AND gate 39, so
that the AND gate 59 (OR circuit §7) produces the reset
signal C at the same channel time in the latter period
Tp:. The stored key code KC* or the key-off signal D
is cleared by this reset signal C and the channel becomes
empty. The reset signal C is also deltvered through a
shift register 86 of 12-stage/1-bit configuration and
supplied to a post-stage circuit (not shown) as a counter
clear signal CC. Further, an initial clear circuit INC 1s
provided for temporarily ressetting the respective cir-
cuits at the time of the switch on of power. The initial
clear circuit INC integrates power voltage Vpp by a
resistor RI and a capacitor CI and produces a clear
signal through an inverter INI at the rise of the power
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voltage V pp. This signal 1s provided through the OR
gate 57 as the reset signal C.

Nonsensitiveness 10 chattering

The following description 1s made about one key
switch only. When a kev swiich 1s closed and opened. 1t
produces chattering at its contacts as shown in FIG.
6(a). CHs designates a period of time during which
chattering takes place upon closing of the key switch
and CHe designates a penod of time during which chat-
terint takes place upon opening of the key switch. The
key coder 101 detects the operation of the key swiich
and produces the key code KC as shown in FIG. 6(b).
In the key coder 101. a first moade signal S; is produced
as shown in FIG. 6(c). This first mode signal S instructs
implementation of paralle] detection of all of the key
switches. Whenever this first mode signal §; 1s gener-
ated, detection of all of the key switches 1s repeatedly
implemented. However, key switch contacts frequently
close and open during the chattering periods CHs and
CHe and, accordingly, closure of the key switch s not
necessarily detected when the signal S| 15 produced.
For example, detection of all of the key switches 1s
made at times t.; and t.; (having width of 24 us respec-
tively) but no key code KC is generated. For another
example, key-on is detected and the key code KC 1s
produced at times t.3, tc4 and t.5 (having width of 24 us
respectively) due to chattering notwithstanding that the
kev has been released.

The key code first produced during time t (having
width 24 us) is assigned to any one of the channels of
the channel processor 102 and the key code KC 15
stored in the key code memory ctrcuit 2. Simulta-
neously, the key-on signal A is produced in that channel
as shown in FIG. 6(e). Thus, the depression of the key
switch is detected. Delay time T p; between the start of
depression of the key and the detection thereof i1s equiv-
alent to one period of the low frequency clock LC at the
maximum. Since the low frequency clock LC with a
period of 200 us-1 ms can be used, response of the de-
tection of the depressed key is sufficiently high. Besides,
once the assignment has been made, key-off is not de-
tected until the start code SC is produced so that the
detection operation is not influenced at all by the fre-
guent closure and opening of the contacts due to chat-
tering.

The start code SC is regularly produced as shown by
FIG. 6(d). The storage in the key-on temporary mem-
ory circuit 7 (FIG. 5) is once reset at time t:7 (having
width of 24 us) but the storage is made again by time t.g
when the next start code SC 1s generated since the key
code KC is applied by this time t.s. The key switch
becomes OFF in the interval between time t 3 and time
t-o when a next start code SC is generated. If the key
code KC is applied in this interval, the key-on 1s stored
in the key-on temporary memory circuit 7 so that key-
off is not detected. No key code KC is produced at all
in the interval between the time {9 and time :1c10 When a
next start code SC is generated. Accordingly, key-off is
detected in the key-off memory circuit (FIG. §) and the
key-off signal D(FIG. 6(f)) is stored in that channel.

Delay time T ps between the actual key-off and the
detection thereof is within a range of one to two perods
of the start code SC. This is somewhat longer than the
delay time T py of the key-on detection. It will be appre-
ciated, however, that the key-off detection does not
require such a high response characteristic as in the
key-on detection and, accordingly, this time delay 1s
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sufficient for the purpose of key-off detection. Since the
delay ume Tp; 1s longer than the chattering period
CHe. the frequent closure and opening of the contacts
due to chattering are never sensed. The interval of the
start code SC should preferably be longer than the
chattering pertod. For example. if a key switch with the
chattering period of about 5 ms is used, the interval of
the start code sc should preferably be about 8 ms. In this
case, the period of the low frequency clock LC is set at
about 1 ms. If a key switch with a shorter chattering
period s used, the interval of the start code SC may be
made shorter than the above described example. If, for
example, the chattering period is about 3 ms, the inter-
val of the start code SC may be set at about 4 ms and the
low frequency clock LC at about 500 us. In this case,
the delay time T p: becomes about 500 us at the maxi-
mum, and the response characteristic of key-on detec-
tion will thus be improved.

Truncate controi operation

In the present embodiment, the truncate control oper-
ation 1s implemented with respect to the manual key-
board. When the twelfth key has been depressed while
eleven tones are all being reproduced in the second to
the twelfth channels assigned to the manual keyboard,
one of the eleven tones which has attenuated to the
furthest degree 1s detected and production of the tone is
cut short for assigning production of the twelfth tone to
that channel. This control operation i1s the truncate
control operation.

For effecting the truncate control operation, the fol-
lowing three conditions must be satisfied:

(1) All of the eleven tones are being produced;

(2) Any one of the tones is attenuating; and

(3) The twelfth key has been depressed.

FIG. 7 shows an example of a truncate circuit 9. In
the truncate circuit 9, the channel in which the tone
which has attenuated to the furthest degree is assigned
1s detected by an amplitude comparison circuit 91 and a
minimum amplitude memory circuit 92. A truncate
channel designation circuit 93 detects the above condi-
tions (1) and (2) and produces a truncate channel desig-
nation signal MTCH at a channel time at which the
truncate operation should be performed. The above
condition (3) 1s detected by the set and reset signals
generation circuit § (FIG. 5).

In the present embodiment, the tone which has atten-
uated to the furthest degree i1s detected by examining
amplitude values of an evelope shape. The digital type
electronic musical instrument includes an envelope gen-
eration circuit 103 as shown in FIG. 8. A reading con-
trol circuit 104 is driven by the key-on signal A and the
key-off signal D supplied by the channel processor 102
(FIG. §) so as to successively read the envelope shape
from an envelope memory 108. A typical example of the
envelope shape stored in the envelope memory 105 is
shown 1n FIG. 9. The envelope shape such as shown in
FIG. 9 1s divided into a plurality of sample points along
a time axis and amplitude values at the respective sam-
ple points are stored at corresponding addresses in the
enveiope memory 105. As the envelope memory 108, a
read-only memory capable of storing the amplitude
values of the envelope shape at the respective sample
points in the form of a binary digital value is convenient
for utilization of the envelope amplitude values in the
truncate circuit 9. However, a memory storing the am-
plitude values in analog may also be used. In that case,
the analog values are converted to digital values by an
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analog-to-digital converter and thereafter are supplied
to the truncate circuit 9.

The reading control circuit 104 operates in a time
shared fashion for the twelve channels in accordance
with the master clock ;. When the key-on signal A is
applied, the circuit 104 operates at that channel time to
read the amplitude values successively from the mem-
ory 105. An attack portion of the envelope shape uas
shown (n FIG. 9 1s obtained by this reading out opera-
tton. As the envelope amplitude has reached a sustain
level, application of the attack clock is stopped and a
constant amplitude value is continuously read out. A
sustain portion of the envelope shape shown in FIG. 9 is
thereby obtained. As the key-off signal D is applied.
amplitude values are successively read from the mem-
ory 105 In accordance with a decay clock and a decav
portion of the envelope shape shown in FIG. 9 s ob-
tained. The envelope shape is formed in the above de-
scribed manner. In the decay portion, the amplitude
values gradually decrease with time. Such envelope
shape is read from the memory 105 with respect to each
of the channels in a time shared fashion. Accordingly. a
tone being produced in a channel in which the envelope
amplitude value 1s the smallest in one cycle of the re-
spective channel times (i.e. 12 channel times) can be
considered as a tone which has attenuated to the fur-
thest degree.

As the reading control circuit 104, a counter capable
of operating for the twelve channels in time division or
a suitable type of a shift register may be used. The enve-
lope amplitude values read at the respective channel
times in a time shared fashion from the memory 105 are
supplied to the truncate circuit 9 (FIG. 7) and utilized
for the truncate control operation as will be described
later. The envelope amplitude values are also applied 0
a weighting circuit 107 for controlling the amplitude
envelope of a musical tone. The key code KC* assigned
in the channel processor 102 is applied to a tone genera-
tion circuit 106 and the circuit 106 produces in a time
shared fashion a musical tone signal having a tone pitch
designated by the key code and being provided with a
desired tone colour. This musical tone signal is applied
to the weighting circuit 107 and a musical tone signal
controlled in the emplitude envelope is produced by the
circuit 107.

The envelope amplitude value G produced by the
envelope generation circuit 103 is applied to the ampli-
tude comparison circuit 91 (FIG. 7) of the truncate
circuit 9. The amplitude comparison circuit 9 compares
the amphtude values of the respective channels and
detects a channel tn which the amplitude value is the
smallest of all. The envelope amplitude value G is a
binary digital value. The comparison may be made bv
applying signals of all bits of this amplitude value G to
the comparison circuit 91. Normally, however, no such
comparison to a minute detail is necessary so that 1t will
suffice iIf several more significant bits among plural bits
(n bits) constituting the amplitude value data are com-
pared. In the amplitude comparison circuit 91 shown in
FIG. 7 three bits G, Gn— 1 and G, -> among the enve-
lope amplitude value G of n bits (where n is a positive
integer) are applied. Gn represents the most significant
bit MSB, G, _ the bit which is one digit less significant
than the MSB and G, - the bit which is one digit less
significant that the bit G, _ |, respectively. Thus. the
comparison of the envelope amplitude values are made
with respect to three most significant bits.
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The mintmum amplitude memory circuit 92 memo-
ries the detected minimum amplitude value. The com-
parison circuit compares this stored minimum ampl-
tude value MG with the input amplitude value G. This

18
Logic (2):
If the less significant bit G,_) 1s G, 1 <MG, -
when G,=MG,, the amplitude value G 1s G<MG.
Accordingiy, logical formulas in this case are as fol-

comparison is sequentially made channel by channel. If 5 lows:

the input amplitude value G is smalier than the stored
amplitude value MG at a certain channel time, the stor-
age in the memory circuit 92 1s immedtately rewritten,
the input amplitude G being newly stored. As the com-
parison for each channel goes on. the stored minimum
amplitude value MG 1s properly rewritten. Accord-
ingly, a channel 1in which a correct minimum amplitude
value exists can be known only when comparison has
been completed with respect to all of the channel, ie.
when comparison of the amphtude value G of the
twelfth channel with the stored amphitude value MG
has finished. Consequently, the former one cycle of the
first to the twelfth channel times 1s used only for the
sequential comparison for the respective channels.

The comparison operation will now be described In
detail.

The comparison of the mput amplitude value G with
the stored amplitude value MG 1s performed bit 1o bit.
The memory circuit 92 comprises delay flip-flops 92a,
92b and 92c corresponding to the bits G,_3, G- and
G,. The contents stored in the circuit 92 are self-held
through AND gates 921, 922 and 923 and OR gates 924,
925 and 926. The comparison circuit 91 compares the
input amplitude value G with the stored amplitude
value MG and produces an output GM=1 when G 1s
smaller than MG, whereas it produces an output
GM =0 when G is equal to or greater than MG, AND
gates 91a-91c, 91d-91f and 921g-91: and OR gates 911,
912 and 913 are provided for the respective bits so as to
compose logical circuit capable of detecting the condi-
tion G <MG. Logic (1)

The magnitudes of the amplitudes G and MG are
compared bit to bit. Logical formulas are as follows:

G,_ ‘MG, _;—AND gate 9le

where G,, G,_; and G,_7 are signals obtained by in-
verting G,, G,—1, and G, -3 by inverters 914, 915 and
916, respectively. Accordingly, when G,, G,—-) and
G2 are 0" and MG, MG, _; and MG, _> are 1",
the outputs of the AND gates 91h, 91e¢ and 91b are a
signal “1'". This signifies that

G,<MG,
Gp- 1 <MG,_

GH—Z(MGH—-Z*

If the most significant bit i1s G,(0) <MG,(1), the con-
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dition G <MG is satisfied and the output signal “1” of (,

the AND gate 91b becomes the output CM(=1) of the
comparison circuit 91 through the OR gate 913, the
AND gate 919 and the OR gate 910. If the comparison
result output CM 1s “1”, that signifies G <MG.

If the most significant bit i1s G,{(1)>MG,(0), it signi-
fies G > MG. If, on the other hand, G,(! or 0)=MGn (1
or 0) comparison results of the less significant bits must
be examined.

65

“'hen G”:MG”: 1+
CM>MG,—AND gate 91
lil""#hE'ﬂ Gﬂz MGH":Ou

CM>»G,—AND gate 91)

In the above formulas, CM:; represents a result of
comparison of the less significant bit G, _; which is the
output of the OR gate 912. Accordingly, when
Gr-1<MG,_, the comparnson result CM»> is a signal
“1'. If the less significant bit G, 1s equal to MG, _ .
the further less significant bit G, > must be examined.

Logical formulas are:

When Gn_]r-'MGn_ =1,
CM MG, _1—AND gate 91d
When GH_I=MGH_.|ﬂG~

CM G, 1—AND gaile 911

CM| 1in the above formulas represents a result of
comparison of the further less significant bit G,_>
which 1s the output of the OR gate 911. Accordingly,
when G, 1 21 MG,_2, the comparison result CM 1s a
signal “1"". Since there is no further less significant bit to
be compared when G, _>=MG,_>, a signal “0" 15 al-
ways applied to the AND gates 91a and 91c so that the
comparison result CM; in this case will be 0",

If the conditions of the logic (1) or (2) above has been
satisfied, the OR gate 913 produces a signal *1°
(CMi=1) and this signal “1"” 1s supplied to the AND
gates 917 and 919. The fact that the signal CM; is “17
signifies that the input amplitude value G is smaller than
the stored amplitude value MG.

One comparison operation is conducted for each
assignment operation time Tp. For this purpose, the
reset pulse Yi4is applied to a delay flip-flop 92d through
an OR gate 927. The signal ts delayed by one bit time
and a signal *“1” is applied to AND gates 917 and 918
from the delay flip-flop 92d at the first channel time.
The AND gate 918 always receives a signal 1 at the
other input thereof and, accordingly, the AND gate 918
produces a signal **1” which is applied to an AND gate
931 through an OR gate 910. Since, however, the for-
mer period manual puise Y;-i2 is applied to the AND
gate 931, the AND gate 931 1s inhibited at the first
channel time. This enables the truncate operation to be
conducted with respect only to the manual keyboard.
Since the output of the AND gate 931 i1s a signal 0",
the output of an inverter 929 is a signal 1" and a signal
*1” 15 held in the thp-flop 92d through an AND gate
928.

At the second channel time, the signal CM 1s still 17
and the pulse Y3.121s also a signal *“1’'. The output of the
AND gate 931 at this channel time, however, depends
upon the contents of the key-off signal D which 1s an-
other input of the AND gate 931. If the tone assigned to
the corresponding channel s attenuating, the kev-off
signal D 1s *1"", whereas 1t 1s 0" 1f the tone 1s not attenu-
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ating. Accordingly, the above described condition (2)
of truncate operation is detected by the AND gate 931.
If the tone assigned 10 the second channel is attenuating,
the AND gate 931 produces a minimum value detection
signal Z {=1). This signal Z is applied to0 AND vates
92e, 92t and 92g of the minimum ampiitude memory
circuit 92 1o cause the respective bit signals G,_»,
Gp -1 and G, of the input amplitude value G to be se-
lected by the AND gates 92e, 92f and 92g and stored in
flip-flops 92a-92c. AND gates 921-923 and 928 are
inhibited and the previously stored contents MG are
thereby cleared while contents of a flip-flop 92d be-
come "0, In the foregoing manner, the minimum value
detection signal Z 1s compulsorily produced regardless
of a result of comparison at a channel time when the
key-off signal D is first produced in one cycle of the
respective channel times. The envelope amplitude value
of that channel is stored in the memory circuit 92 as the
minimum amplitude value. The AND gates 917 and 918
thereafter are inhibited by the output signal **0” of the
flip-flop 92d so that a signal CM3 which is a true result
of comparison is applied as the comparison result output
CM to the AND gate 931 through the AND gate 919
and the OR gate 910.

Companson with respect to all of the channels is
sequentially conducted while the pulse Y3.)2 is present.
The signal CM becomes 1" whenever the input ampli-
tude value G which 1s smaller than the stored amplitude
value MG 1s detected, and the detection signal Z is
produced if the tone of the detected amplitude is attenu-
ating. The signal Z therefore has possibility of being
produced several times and the envelope amplitude
value in the channel in which the signal Z is lastly gen-
erated 1S the true minimum amplitude value. A [2-
stage/ 1-bit shift register 932 is provided for detecting
this true minimum amplitude value, 1.¢. the channel in
which the tone has attenuated to the furthest degree.
The detection signal Z is applied to the shift register
932, sequenually shifted by the clock &y and delivered
from the final stage of the shift register 932 after being
delayed by 12 stage times (12 channel times). The out-
put of the final stage Z|; of the shift register 932 is
applied to an AND gate 933, whereas the outputs of the
first stage Z| through the eleven stage Z|; are all sup-
plied 1o an OR gate 932a and further to the AND gate
933 via an inverter 932b. By being delayed by 12 chan-
nel rimes In the shift register 932, the channel of the
input of the shift register 932 coincides with the channel
of the final stage output. The fact that the shift register
932 has a signal 1" signifies that the detection signal Z
was 1", Since the signals of the first stage Z, through
the eleventh stage Z| are results of later comparison
than the signal of the final stage Z;;, if a signal 1"
present in the stages Z,-Z ;1 when the signal of the final
stage Z121s "*1”, the signal **1" of the stage Z; 15 not the
last detection signal Z, whereas the signal ‘1" of the
stage Z)21s the last detection signal if the signal "1™ is
not present in the stages Z;-Z;|. The output of the
inverter 932b 1s a signal 1" only when the signal **1”" is
not present in the stages Z;-Z|. The contents in the
stages £|-Z ) correspond to the remaining eleven chan-
nels. Accordingly, when the result of detection in the
second channel which was made first in the former
period Tp; (regardless of whether Z i1s 0" or "17) is
delivered from the final stage Z1 of the register 932 art
the second channel ttime in the latter period Tp> the
results of detection In the remaining third through
twelfth channels are respectively stored in the stages
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L:-£11. Accordingly, the signal from the final stage
Z 2 and the output of the inverter 932b both become 1
simultaneously only at a single channel time in the latter
pertod Tpy This channel time corresponds to the chan-
nel of the tone which has attenuated to the furthest
degree.

An AND gate 934 is provided for detecting the con-
dition (1) of the truncate operation. The AND gate 934
receives the busy signal BUSY (FIG. 5) inverted bv an
inverter 935 and the latter period manual pulse Y-_;-.
The busy signal BUSY represents that the key code is
assigned to the channel (the tone is being reproduced)
when it 1s “1”, whereas it represents an empty channel
when it is “0’". Accordingly, if all of the eleven tones are
being reproduced in the channels for the manual kev-
boards, the signal BUSY is *“!’" during presence of the
pulse Y;_; and the output of the AND gate 934 is "0"".
[f there is even one channel in which no tone is being
reproduced, the inverted busy signal BUSY is 1" and
the AND gate 934 produces a signal **1**, The signai 1"
1 stored in a delay flip-flop 936 and self-held therein
through an AND gate 937 and an OR gate 938. This
seif-holding is sustained until the AND gate 937 is inhib-
ited by the AND gate 937. Accordingly. if the condition
(1) has been satisfied, the flip-flop 936 holds the signal
0" during the latter period Tp;. If the condition (1) has
not been satisfied, the flip-flop 936 holds a signal 1"
during the latter period Tp3.

The output of the flip-flop 936 is applied to the AND
gate 933 through an inverter 939. If the condition (1)
has been satisfied, a signal ““1”’ is produced by the AND
gate 933 at a single channel time in the latter period Tp»
at which the tone has attenuated to the furthest degree.
Thas signal ts supplied to the set and reset signals gener-
ation circuit § as a truncated channel designation signal
MTCH. If the condition (1) is not satisfied, the AND
gate 933 1s inhibited and, accordingly, no truncate chan-
nel designation signal MTCH is produced even if a
channel in which the tone has attenuated to the furthest
degee has been detected.

The truncate channel designation signal MTCH s
applied to the AND gate 54 of the set and reset signals
generation circuit 5 (FIG. §). The AND gate 54 also
receives a signal REG obtained by inverting a compari-
son resuit memory signal REG of the comparison result
memory circuit 4 and a signal representing that the
iInput key code KC provided by the OR gate 64 of the
key code detection circuit 6 is one for the manual key-
boards. If a twelfth key is newly depressed in the man-
ual keyboard in which all of the eleven tones are being
reproduced, the coincidence detection signal EQ be-
comes "0 due to generation of the key code KC of that
key. The inverted signal REG therefore becomes 1"
and the output of the OR gate 64 becomes a signal !"
in the latter period. The condition (3) of the truncate
operation thereby is satisfied and a signal "1 1s pro-
duced by the AND gate 54 at a channel time at which
the truncate channel designation signal MTCH is gener-
ated. The set signal S and the reset signal C are pro-
duced n response 1o this signal 1" for clearing the old
key code KC* stored in the specific channel and caus-
ing a new key code KC to be stored in the same channel
of the key code memory circuit 2. Further, a signal 17
(tndicating key-on) is stored in the same channel of the
key-on temporary memory circuit 7 whereas the keyv-off
storage in the key-off memory circuit 8 is cleared. In
this manner. reproduction of the tone which has attenu-
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ated to the furthest degree 1s stopped and reproduction
of a new tone 1s assigned to the same channel.

As for the pedal keyboard in which only one tone 1s
nroduced, when a new key 1s depressed, production of
the previously assigned tone is immediately cancelled
and the new key is assigned. No truncate operation 1s
therefore required for the pedal keyboard.

If however, the key assignment operation 15 to be
implemented without making distinction between the
pedal keyboard and the manual keyboards, the above
described truncate operation must be conducted with
respect to all of the twelve channels.

4

10

The truncate control operation applicable to the pres-

ent invention 1s not limited to the above described ex-
ample but other devices may be employed. For exam-
ple, a device disclosed in the 1ssued U.S. Pat. No.
3,882,751 according to which the tone which has atten-
unated to the furthest degree 1s detected by counting
lapse of time after the release of the key or a device
disclosed in Japanese Patent Application Open-laying
Gazette No. 21813/1976 (corresponding to U.S. patent
application Ser. No. 601,945) according to which the
most attenuated tone is detected by counting how many
other kevs have been released after the relase of the key.

What is claimed 1s:

1. For use in combination with a key coder producing
key codes representing key switches in operation and
also producing a start code every time detection of all
key switches in operation has been completed at least
one time;

a channel processor comprising:

a main memory circuit including a pilurality of chan-
nels for storing the key codes provided by the key
coder;

a key-on temporary memory circuit having a pitural-
ity of storage locations each corresponding to a
respective one of said plurality of channels in
which the key codes are stored in said main mem-
ory circuit, said key-on temporary memory circuit
storing, when the key code provided by the key
coder coincides with a key code already stored mn
said main memory circuit, a key-on signal in the
storage location corresponding to the channel con-
taining said already stored key code;

a memory reset ctrcuit for compulsorily resetting all
contents stored in said key-on temporary memory
circuit upon each application to said reset circuit of
said start code; and

a detection circuit for detecting cease of the opera-
tion of a key switch by sensing, at the end of a
period between two consecutive start codes, the
absence of a key-on signal 1n a temporary memory
circuit storage location corresponding to a channel
in which the main memory circuit still contains a
key code.

2. A channel processor as defined in claim 1 which

further comprises:

a comparison circuit for detecting whether or not the
input key code from the key coder coincides with
a key code already stored in said main memory
circuit;

a circutt for watching the contents of said main mem-
ory circuit and for detecting an empty channel 1n
which no key code is stored;

a control circuit for causing the input key code to be
stored in the empty channel of said main memory
circutt when the input key code has not already
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been stored in said main memory circuit and an
empty channel 1s available:

means for successively reading out and recirculating
back into the main memory circuit all of the key
codes stored in the channels thereof;

a holding circuit for holding the key codes provided
by the key coder during two cycles of recirculation
of the key codes stored in said main memory cir-
cuit:

a circuit for temporarily storing the result of detec-
tion made by said comparnison circunt during the
first cycle of the two c¢ycle period during which the
key codes are held by said holding circuit and
thereafter supplying the result of detection to said
control circuit; and

a circult producing a signal for operating said control
circuit during the second cycle of the two cycle
period.

3. A channel processor as defined in claim 1 further

comprising:

a key-off memory circuit having a plurality of storage
locations each corresponding to a respective one of
said plurality of channels in which key codes are
stored in said main memory circult, said key-off
memory circult being connected to said detection
circuit so as to store a key-off signal in each storage
location corresponding to a channel in said main
memory circuit which still contains a key code but
for which the detection circuit has detected that
the corresponding key switch has ceased opera-
tion.

4. A channel processor according to claim 1 wherein

said detection circuit comprises:

means for reading out data from the storage locations
of said key-on temporary memory circuit in syn-
chrontsm with read-out of key codes from the cor-
responding channels of said main memory circuit,

an assigned channel detecting circuit for detecting
whether the channel read out of the main memory
circuit contains a key code and for producing a
“busy” signal if the channel does contain a key
code, and

gate means, enabled by said start code, for providing
a key-off signal for each channel for which a
“busy’ signal is produced by said assigned channel
detecting circuit but for which no key-on signal 1s
read out from the corresponding storage location
of said key-on temporary memory circuit.

§. In a channel processor for a time-shared poly-
phonic keyboard electronic musical instrument, said
processor having a key code memory with a plurality of
channels that are read out sequentially during respec-
tive time slots of a repetitive time sharing cvycle, each
channel being capable of storing a key code identifying
the musical tone to be generated during the correspond-
ing time slot, the improvement for detecting when a key
has been released, comprising:

a key coder for supplying consecutive key codes
corresponding to each key of said keyboard which
is depressed, and for supplying a start code each
time said consecutive key codes for all of the de-
pressed keys have been produced at least once,

a key-on temporary memory having a plurality of
storage locations each associated with one of said
key code memory channels,

correspondence detection means, operative between
consecutive occurrences of said start code, for
entering a key-on signal into each storage location
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of said key-on temporary memory for which the
associlated key code memory channel I1s stornng a
key code corresponding tc a key code supplied by
sald key coder for a key that 1s currently depressed,

a memory reset circult for clearing said key-on tem-
porary memory at each occurrence of said start
code,

a key-off memory having a plurality of storage loca-
tions each associated with one of said key code
memory channels, and

key-off detector means enabled by said start code, for
entering a key-off signal into each storage location
of said key-off memory for which the associated
channel 1n said key code memory contains a key-
code but for which no key-on signal is stored in the
associated storage location of said key-on tempo-
rary memory.

6. A channel processor as defined in claim 5 further

COMPprising:

a tone generator for generating tones in a time-shared
fashion 1n accordance with the key codes read out
from said key code memory,

an envelope generator for providing to said tone
generator a signal which establishes the amplitude
envelope of each generated tone,

decay enable means, connected to said key-off mem-
ory and enabled by readout of a key-off signal
therefrom, for causing said envelope generator to
provide to said tone generator a signal which estab-
lishes the decay portion of the tone amplitude en-
velope, and

decay completion means, actuated by said envelope
generator when said decay portion is completed,
for deleting from said key code memory the key
code for the decay completed tone and for deleting
from the key-off memory the key-off signal in the
associated storage location.

7. A channel processor as defined in claim 5 further

Comprising: |

signal hold means for providing to said key-off detec-
tOT means, 1n response to occurrence of each start
code, an enable signal having a time duration corre-
sponding to at least one time sharing cycle, said
key-off detector means entering data into all stor-
age locations of said key-off memory during each
occurrence of said enable signal.

8. In a channel processor for a polyphonic keyboard
electronic musical instrument, the improvement com-
prising:

a key coder for sequentially and repetitively provid-
ing key codes corresponding to each depressed key
and providing a start code after the key codes for
all depressed keys have been provided at least
once,

a keyv-code memory having a plurality of channels to
which key codes can be assigned,

first means, operative between successive oOCcur-
rences of said start code, for entering each key
code from said coder into an available channel of
satd key code memory if the same code is not al-
ready contained in said key code memory, and

second means, enabled by said start code for detect-
Ing whether any channel of said memory contains a
key code for which the key coder has not provided
the same key code since occurrence of the last
previous start code.

9. A channel processor according to claim 8 wherein

sald second means comprises:
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a key-off memory having a plurality of storage loca-
tions each corresponding to a respective channel of
sald key code memory, and

ioad means. enabled by said start code. tor entering u
key-off signal into each storage location of said
key-off memory for which the corresponding key
code memory channel contains a key code the
equivalent of which has not been provided by said
key coder since occurrence of the last previous
start code.

10. A channel processor according to claim 9 wherein
said electronic musical instrument includes a time-
shared tone generator, the channels of said key code
memory being read out to said tone generator succes-
sively during corresponding time slots of a repetitive
time-sharing cycle, said tone generator thereby produc-
ing musical tones on a time-shared basis in accordance
with the received key codes, and

decay means, cooperating with said tone generator.
for modifying the amplitude envelope of the tone
generated in each time slot for which the corre-
sponding storage location of said key-off memory
contains a key-off signal.

11. In a time shared polyphonic electronic musical
instrument having a channel processor in which the key
codes identifying depressed keys are assigned to avail-
able channels and are supplied sequentially during re-
spective channel-related time slots of a repetitive time-
sharing cycle, and further including a time shared tone
generator which produces notes in accordance with the
key codes supplied by said channel processor, and an
envelope generator which provides digital envelope
amplitude signals to said tone generator for use thereby
to estabiish the ampilitude of each generated tone, the
improvement coOmMprising:

a truncate system operative when all available chan-
nels are occupied and another key is depressed. for
asecertaining the channel containing the decaying
note of least amplitude and for trucating the pro-
duction of that note so as to free the corresponding
channel for assignment to the newly depressed key.
comprising;:

a memory for storing a minimum value envelope
amplitude signal,

an amplitude comparator for comparing, during a
first repetitive time-sharing cycle, the value of the
envelope amplitude signal supplied by said enve-
lope generator for the note generated in each chan-
nel-related time slot with the minimum value am-
plitude signal stored in said memory and for replac-
ing the compared value into the said memory if the
compared value 1s Jower than the previously stored
minimum value and if the note in the associated
channel is decaying, and

a truncate channel designation circuit, cooperating
with said amplitude comparator and enabied when
notes are being generated in all channels, for desig-
nating the signal channel which contains the decay-
ing note of minimum amplitude.

12. A truncate control system according to the claim

11 wherein said truncate designation circuit comprises:

a shift register having a number of positions corre-
sponding to the number of available channels and
shifted in umison with said time slots of said repeti-
tive time-sharing cycle,

means for entering into satd shift register signals indi-
cating which channels, during said first time-shar-
Ing cycle, contained decaving notes of amplitude
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lower than the value previously contained in said
memory,
means. cooperating with said channel processor, for
ascertaining that all available channels are produc-
Ing tones, and

means, operative during the time sharing cycle fol-
lowing said first cycle and cooperating with said
shift register. for producing a single truncate chan-
nel designation signal during the single time slot
associated with the channel containing the decay-
ing note of mmimum envelope amplitude.

13. A truncate control system according to claim 12
wheremn said channel processor provides a “decay”
signal during each time slot for which the correspond-
ing generated tone 1s decaying, wherein said compara-
tor produces a “‘lower amplitude™ signal for each chan-
- nel in which the envelope amplitude 1s of lower value
than the minimum value previously stored in said mem-
ory, wherein said means for entering comprises an
AND-gate, enabled by said “decay” signal, for entering
into channel-corresponding positions of said shift regis-
ter the “lower amplitude™ signals produced by said
comparator during said first cycle, and wherein said
truncate channel designation signal producing means
comprises an AND gate enabled when, during said
following time sharing cycle, only the shift register
position corresponding to the current time slot contains
a “‘lower amplitude” signal and all other shift register
positions do not contain such a signal.

14. A truncate control system according to claim 11
wherein said amplitude comparator and said memory

utilize only the most significant bits, but less than all of

the bits, of the digital envelope amplitude signals pro-
vided by said envelope generator.

15. An electronic musical instrument comprising an
overflow control circuit which Is composed of a key code
data assignor having means for generating time-divided
key codes from a key code generator corresponding 1o a
plurality of channels and generating an overflow signal
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Jrom the key code generator, an envelope generator con-
trolled by the key code data assignor to provide envelope
data of each of the plurality of channels, a comparison level
memory for storing as comparison level data A the time-
divided envelope data of a desired channel from the enve-
fope generator, a comparator supplied with the time-
divided envelope data in parallel with the comparison level
memory to compare the next time-divided envelope daia
identified as comparison level data B with the comparison
level A outputted from the comparison level memory,
means for storing the comparison level data B in the com-
parison level memory when A > B, means for selecting and
outputting in a time divisional manner a signal of a mini-
mum level provided from the comparator at the end of one
period of all channel detection, a minimum level channel
detector for detecting a channel of the minimum level with
the time-divided output and means for applying the output
from the detector to the envelope generator with the arrival
of the overflow signal from the key code data assignor to
cause a highspeed release.

16. In an electronic musical instrument in which key
codes are stored in channels of a key code memory and are
repetitively provided of a time shared tone generator in time
shared fashion during respective channel-reiated time slots
of consecutive cycle periods, a truncation system, effective
when all channels are occupied and a new key is depressed,
for entering the key code associated with said newly de-
pressed key into said key code memory in the channel
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corresponding 10 the lime slot containing the generated
tone of most advanced decay, the assignment being accom-

plished in an assignment operation time eguivalent 10 (wo

consecutive cycle periods, a former cyvcle period and a larter
cycle period, said truncation system comprising.

first means for comparing during each successive rime
slot of said former cycle period the extent of decayv of
each decaying note being generated by said tone gen-
erator, and for producing a truncate signal during
each time slot for which the extent of decay is greater
than the extent of any tone generated during all prior
time slots of said former cycle period, the final trun-
cate signal thereby being produced during thar time
slot of the former cycle time containing the tone of
most advanced decay,

delay means, cooperating with said first means and
recerving said truncate signals, for producing during
the latter cycle period a single truncate signal during
the single time slot containing the tone of most ad-
vanced decay, and

load means, cooperating with said delay means and
responsive to said single truncate signal, for loading
the key code associated with said newly depressed key
into the channel of said memory means corresponding
to said single time slot containing said single truncate
sighal.

17. An electronic musical instrument according to claim

16 wherein said first means comprises.

a minimum value storage means,

a comparator for comparing the contents of said mini-
mum value storage means with a signal indicative of
the extent of decay of each decaying tone and for
producing a truncate signal if such extent is less than
the stored minimum value, and for then entering the
new decay extent indicative signal into said minimum
value storage means in place of the previous contents
thereof, and wherein;

said delay means produces said single truncate signal by
delaying for a time equal 1o one cycle period the last to
occur of said truncate signals.

18. In an electronic musical instrument of the type hav-

ng:

a time shared tone generator which generates musical
tones in accordance with key codes supplied thereto in
respective channel-related time slots of repetitive time
division cycle periods,

a key coder that produces key codes representing selected
notes, and

a Kkey code memory means for storing the key codes
designating tones to be generated in channels corre-
sponding to said time slots and for repetitively supply-
ing said stored key codes to said tone generalor, the
improvement for entering a new Key code into said Key
code memory means comprising.

means, cooperating with said key coder, for providing the
produced key code for an assignment operation time
corresponding to two consecutive time division cycle
periods, a former cycle period and a latier cycle per-
104G,

60  first comparison means, operative during consecutive
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time slots of said former cycle period, for comparing
said provided key code with those key codes stored in
said memory means to asceriain whether said pro-
vided key code corresponds to an already stored key
code or is a presently unstored key code, said firs!
means providing, in the event that said provided key
code corresponds to an already stored key code. a
registration signal which becomes true during that
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time slot related to the channel conraining said al-
ready stored Key code, said registration signal being
talse at the end of said former cycle period if a new
key code is provided. and

load means, operative during said latter cycle period and
effective in the event of a false registration signai at
the end of said former cycle period, for loading said
new key code into said key code memory means in an
available channel during said latter cycle period.

19. An electronic musical instrument according to claim

I8 further comprising:

second comparison means, operative during said former
cycle period, for ascertaining a set of potentially avail-
able channels in said key code memory means and for
producing signals at each of the time slots correspond-
ing to such potentially available channels, and

delay selection means, cooperating with said second
comparison means, for producing during the latter
cycle period a load signal during a single time slot
corresponding to a certain one of said potentially
available channels, said load means loading said new
key code into said certain one channel in response to
occurrence of said load signal.

20. An electronic musical instrument according 1o claim

19 wherein said second comparison means compares the

amplitude of tones generated during successive time slots of

said former cycle period, and produces signals indicating
successively lower amplitudes, and wherein said delay se-

3

[0

15

20

25

30

L

435

50

535

28 i

lection means produces said load signal during the time
slot corresponding to the last of said successively lower
amplitude (ndicating signals.

21. For use in combination with a kev coder produc-

ing key codes representing key switches in operation,

a channel processor comprising:

a recirculating memory circult including a plurality of
channels for storing key codes provided by the Aey
coder;

a circulit for watching the contents of sard memory clircuit
and for detecting an empty channe! in which no key
code Is stored;

a control circuit for causing the input key code to be
stored in the empty channel of said main memory
circuit when the input key code has not already been
stored in said memory circuit and an empty channe! is
available;

a holding circuit for holding the key codes provided by
the key coder during rwo cycles of recirculation of the
key codes stored in said main memory circuit;

a circuit for temporarily storing the result of detection
made by said detecting circuit during the first cycle of
the two cycle period during which the key codes are
neld by said holding circuit and thereafter supplying
the result of detection to said control circuit; and

a circult producing a signal for operating said control

circuit during the second cycile of the two cycle period.
| % x X L
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