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pling data are assigned to two-word storing area of the waveform memory. In
this case, one sampling The present invention generally relates to ap-  bit
number is eight bits and the two-word bit num- paratuses for generating
tones by use of a         ber of the waveform memory is equal to sixteen
waveform memory, and more particularly to an   5   bits (because one word
bit number is eight bits), apparatus which generates tones such as tones of
hence, four-bit storing area is remained not to be percussion instruments
by using a waveform mem-    used at each two-word storing area of the ory
efficiently.                                   waveform memory. Therefore,
this method is dis- US-A-4 566 364 discloses an electronic musi-
advantageous in that an utilization efficiency of the cal instrument having
waveshape memories as   10  waveform memory is relatively low. tone
generation means capable of selectively gen-     In addition, the specific
waveform memory por- erating waveshape signals of plural kinds and gen-
tion must be provided for storing noisy tones in the erating a tone signal
corresponding to a selected  conventional waveform memory because the
plural waveshape signal in accordance with a designated   waveform data are
stored for each musical instru- tone pitch. One kind of waveshape signal
consists  is   ment. Hence, the conventional apparatus suffers for example
of a waveshape of one cycle and the    another problem in that the storage
capacity of the waveshape  memories  store  64  kinds  of          waveform
memory must be increased. waveshapes each sampled at 64 sample points to
It is accordingly the primary object of the be stored at 64 addresses of
the memory.           present invention to provide an apparatus for gen- In
such a conventional apparatus for generating   20  erating tones by use of
a waveform memory, in tones such as a rhythm performance apparatus,
which the data storing format is improved so as to each waveform data
corresponding to each percus-   raise the utilization efficiency of the
waveform sion instrument (such as a drum and a cymbal) are  memory.
pre-stored in a waveform memory and the stored        It is another object
of the present invention to waveform data are selectively read out from the
25  provide an apparatus for generating tones in which waveform memory,
whereby such apparatus can       the musical tones can be stored and
reproduced play the rhythm performance. Before such a pro-    with less
storage capacity of the waveform memory cess, a player actually plays the
percussion instru-  and with less distortion rate as well. ments so as to
obtain the tones of the percussion     It is a further object of the
present invention to instruments (percussive tones), and the waveforms   30
provide an apparatus for generating tones which of the percussive tones are
sampled and converted  can be realized with relatively low price by
omitting into amplitude data by use of an analog-to-digital  the specific
waveform memory portion from the converter. The amplitude data are used as
the      waveform memory. above waveform data. For example, the amplitude
According to the present invention there is data of eight bits are obtained
at each sampling   35  provided an apparatus for generating tones by use
point. Usually, such amplitude data of eight bits are  of a waveform
memory, said apparatus pre-storing stored in the waveform memory, the bit
number of   a plurality of amplitude data corresponding to the one word
(the one word bit number) of which is     amplitude of a tone waveform at
every sampling ight bits. Hence, one amplitude data at one sam-  point and
generating tones corresponding to the pling points (hereinafter, referred
to as one sam-   40  stored amplitude data, comprising: pling data) are
assigned to one word storing area    a)waveform memory means for storing
ampli- of the waveform memory.                              tude data of M
bits (where M denotes an In- In the above apparatus, the one word bit num-
tegral number) said waveform memory means ber of the waveform memory must
be increased         consisting of a plurality of one-word storing when the
bit number of one sampling point (one   45  areas each of which is
constructed by N-bit sampling bit number) is increased. In order to
storing positions (where N denotes an integral improve the fidelity
corresponding to the percus-    number such that N < M [err] 1.5 N); sive
tone source, the percussion instruments re-     b) address supplying means
for supplying ad- quire to increase the one sampling bit number. In
dresses indicating each of said one-word storing some cases, it is
preferable that one sampling bit  50  areas to said waveform memory means,
so that number is set to twelve bits, for example. In this   N bits storing
positions are read out; case, it is required to use the waveform memory,
c) tone generating means for generating a tone the one word bit number of
which is set to more      based on read out data, the apparatus being than
twelve bits. Hence, the conventional tone gen-  characterized in that
amplitude data of two sam- erating apparatus suffers a problem in that the
cost  55  pling points are stored in three of said one-word thereof must be
raised.                              storing areas, one data of N bits
within one In order to solve the above problem, it can be    amplitude data
of M bits being stored in a first considered to employ a method in which
one sam-      one-word storing area and other data of N bits 2    3
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within other amplitude data of M bits are stored  dress "1". Next, the
upper four bits of the second in a third one-word storing area, one
remained   amplitude data of twelve bits are stored in the data of (M-N)
bits within said one amplitude data  lower storing portion LB within the
storing area of of M bits and other remained data of (M-N) bits  address
"1", and the lower eight bits of the second within said other amplitude
data of M bits being   5   amplitude data are stored in the storing area of
stored in a second one-word storing area.        address "2". Further
objects and advantages of the present      Similar to the above storing
process, the am- invention will be apparent from the following de-  plitude
data of twelve bits are sequentially stored in scription, reference being
had to the accompanying  the storing areas, each of which can stores the
drawings wherein a preferred embodiment of the   10  data of eight bits. As
a result, the amplitude data of present invention is clearly shown.
two sampling points (i.e., the data of twenty-four In the drawings:
bits) are stored in three storing areas (which can Fig. 1 is a conceptual
diagram for explaining a  store the data of twenty-four bits). In such a
data diagrammatic process for generating different    storing format, it is
possible to eliminate un-used waveforms according to the present invention;
is  storing portions within the storing areas of ad- Fig. 2 is a block
diagram  showing a circuit     dresses "1 ", "4" and "7" etc. constitution
of an embodiment of the present        The waveform memory portion 10 is
originally invention;                                       used for
reproducing the tom-tones, however, it is Fig. 3 is a block diagram showing
an address     possible to generate the noisy tom-tones (e.g., the
generator provided in the apparatus shown in  20  tom-tones including
noises) in the present embodi- Fig. 2;
ment. Fig. 4 is a timing chart for explaining an opera-   In the case where
the waveform data corre- tion of the address generator shown in Fig. 3;
sponding to the tom-tones are generated, the data Fig. 5 is a timing chart
for explaining an opera-  of eight bits are read out from each storing area
12 tion of an adder provided in the apparatus   25   within the waveform
memory portion 10, and this shown in Fig. 2; and
data of eight bits are combined together so as to Fig. 6 is a timing chart
for explaining a latch  reproduce the waveform data of twelve bits at each
operation of a waveform memory provided in the   sampling point as shown in
the middle part of Fig. apparatus shown in Fig 2.                        1.
Referring now to the drawings, wherein like  30    More specifically, data
[0] stored in the storing reference characters designate like or
correspond-  area of address "0" are combined with data [1]UB ing parts
throughout the several views.            stored in the upper storing
portion UB within the Next, description will be given with respect to
storing area of address "1 " to thereby reproduce the diagrammatic process
for generating different  first sampling data of twelve bits. Next, data
[1]LB waveforms in conjunction with Fig. 1. In this case,  35  stored in
the lower storing portion LB within the one word bit number N is set to
eight, and one     storing area of address "1" are combined with data
sampling bit number M is set to twelve.            [2] stored in the
storing area of address [2] to In a waveform memory portion 10 provided
thereby reproduce second sampling data of twelve with a plurality of
storing areas, the each storing  bits. Similarly, the third sampling data
and the like area 12 can store data of eight bits as one word  40  are
sequentially reproduced. data. These storing areas are disposed in a ad-
In the case where the waveform data corre- dress advance direction. In
addition, each storing  sponding to the noisy tom-tones are generated, the
area of each address can be divided into two       data of eight bits are
sequentially read out from portions, i.e., an upper storing portion UB and
a  each storing area 12 within the waveform memory lower storing portion
LB.                      45  portion 10 so as to reproduce data [0] of
address For example, the plural storing areas are sup-  "0", data [1] of
address "1" and data [2] of ad- plied with the amplitude data, one sampling
bit    dress "2" etc., as shown in the right part of Fig. 1. number of
which is twelve bits. The amplitude data  In this case, each of data [0] to
[2] are identical to are sequentially generated in an order correspond-
the data of eight bits read from each storing area ing to a sampling order
of tom-tone (percussive   50  12 within the waveform memory portion 10.
This tone) waveforms. Thus, the amplitude data are      read-out process is
identical to the usual read-out stored based on a predetermined data
storing for-  process, and this read-out process can be operated mat.
with great ease. More specifically, the lower eight bits of the     Next,
description will be given with respect to first amplitude data of twelve
bits are stored in the   55  the circuit constitution of a rhythm
performance storing area of address "0", and the upper four bits  apparatus
according to the present invention in of the first amplitude data are
stored in the upper  conjunction with Fig. 2. This rhythm performance
storing portion UB within the storing area of ad-  apparatus employs a
manual operating system, 3    5                 EP 0 258 798 B1
6 and it is possible to generate the tom-tones and   tone which is selected
by the tone selecting data 



the noisy tom-tones based on the process shown     TSD. in Fig. 1.
The address generator 20 generates address In Fig. 2, a waveform memory 14
for storing    data AD and control signals [err] and percussive tones is
constituted by a read only   5   SEL based on the start address data SAD,
the key- memory (ROM), and the waveform  memory 14          on signal KON
and the tom-tone selecting signal includes a lot of storing areas, each of
which cor-  TOM. The detailed constitution of the address gen- responds to
each percussive tone. In addition, each  erator 20 will be described later
in conjunction with storing area can store waveform data correspond-   Fig.
3. ing to each percussive tone. Further, the memory  10  The address data
AD are supplied to an adder portion of the waveform memory 14 can be
divided   22 wherein address data ADS for reading out into two portions,
i.e., a non-tom waveform memory   waveform data are generated. When the
value of portion (for storing waveform data of percussive  the tom-tone
selecting signal TOM is "1", the ad- tones other than those of tom-tones)
and a tom     der 22 is supplied with the control signal [err] (as waveform
memory portion (for storing waveform   15  a carry input [err] via an AND
gate 24. On the other data of tom-tones).
hand, when the value of the tom-tone selecting More specifically, one
sampling bit number of  signal TOM is "0", the address data AD are di-
eight bits is assigned to one word storing area and  rectly passed through
the adder 22 and are used the waveform data of eight bits are stored in one
as the address data ADS. word storing area within the non-tom waveform   20
The address data ADS are supplied to the memory portion. On the other hand,
the waveform    waveform memory 14 wherein each waveform data data of
tom-tones are stored in the tom waveform   (each one word data) designating
the percussive memory portion as described in Fig. 1. As de-      tone
corresponding to the depressed rhythm oper- scribed before, the noisy
tom-tones are generated  ator are read out therefrom. This one word data
(of based on the waveform data of tom-tones, there-  25  eight bits)
consist of lower data LB of four bits and fore, there is no specific
waveform memory portion  upper data UB of four bits. In the tom-tone for
storing the noisy tom-tones provided within the  waveform data, the
amplitude data of twelve bits waveform memory 14.
must be reproduced at each sampling point. This A rhythm operator circuit
16 includes plenty of  reproduction process can be realized by use of a
rhythm  operators (e.g., self-reset push button   30  certain circuit
portion including selectors 26 and switches), each of which corresponds to
each per-  28, latch circuits 30, 32 and 36, and gate circuit 34. cussive
tone. When each rhythm operator is de-        The selector 26 receives the
control signal SEL pressed, the rhythm operator circuit 16 outputs    as a
selecting signal SA. In a first case, the selec- tone selecting data TSD
and a key-on signal KON    tor 26 selects the control signal [err]
(inputted into an corresponding to the depressed rhythm operator.  35
input terminal [err] thereof) when the value of the This key-on signal KON
instructs the rhythm per-   selecting signal SA is "1", and the selector 26
formance apparatus to generate the percussive      selects the control
[err] (inputted into an input termi- tones. The tone selecting data TSD
select the      nal Bo thereof) when the value of the selecting percussive
tone corresponding to the depressed    signal SA is "0". In this first
case, the selector 26 rhythm operator, and this tone selecting data TSD
40  outputs a first latch signal L1 from an output termi- are supplied to a
start address memory 18 as an    nal [err] thereof. On the other hand, in a
second address signal. When the rhythm operator cor-      case, the
selector 26 selects the control signal [err] responding to the tom-tone is
depressed, the      (inputted into an input terminal [err] thereof) when
rhythm operator circuit 16 outputs a tom-tone se-  the value of the
selecting signal SA is "1", and the lecting signal TOM in addition to the
tone selecting   45  selector 26 selects the control signal [err] (inputted
data TSD and the key-on signal KON. This tom-      into an input terminal
B1 thereof) when the value of tone selecting signal TOM is  used for
controlling  the selecting signal SA is "0". In this second case, the
process for reproducing the data of twelve bits  the selector 26 outputs a
second latch signal L2 at each sampling point.
from an output terminal Y1 thereof. The start address memory 18 is
constituted by   so  The selector 28 receives the control signal SEL the
ROM, for example. This start address memory    as the selecting signal SA.
The selector 28 selects 18 stores each start address data corresponding to
and outputs the upper data UB of four bits each storing area within the
waveform memory 14.   (inputted into an input terminal A thereof) from an
Start address data SAD are read out from the start  output terminal Y when
the value of the signal SA address memory 18, and the start address data
55  is "1". On the other hand, the selector 28 selects SAD are supplied to
an address generator 20. This  and outputs the lower data LB of four bits
(inputted start address data SAD designate the start address  into an input
terminal B thereof) from the output of the storing area corresponding to
the percussive  terminal Y when the value of the signal SA is "O". 4    7
EP 0 258 798 B1                   8 The latch circuit 30 latches the lower
data LB  to one cycle of the clock signal CA.This output of four bits and
the upper data UB of four bits   pulse KONP1 resets the ring counter 50,
hence, the 



based on the latch signal L2, and the latch circuit  ring counter 50 counts
the clock signal [err] after the 30 outputs the data of eight bits to the.
latch circuit  reset time so as to generate the control signal[err] 36.
5   [err] shown in Fig. 4. The control signals The latch circuit 32 latches
and outputs the       [err] are supplied to an OR gate 52 wherein output
data of four bits from the selector 28. When  the control signal[err] shown
in Fig. 4(g) is gen- the tom-tone waveform data are read out from the
erated. waveform memory 14, the latch circuit 32 sequen-     In addition,
the output pulse KONP1 resets a tially outputs the data [1]UB, [1]LB,
[4]UB, [4]LB, ...  10  flip-flop 54, a trigger input terminal T of which is
The gate circuit 34 receives the tom-tone se-  supplied with the control
signal Co. Hence, the flip- lecting signal TOM as an enable signal EN. When
flop 54 outputs control signals SEL1 and SEL2 the value of this enable
signal EN is "1" (i.e., when  shown in Figs. 4(h) and 4(i) respectively
from out- the tom-tone waveform data are read out from the  put terminals
Q1 and Q2 thereof. This control signal waveform memory 14), the gate
circuit 34 is turned   15  SEL1 is outputted as the control signal SEL
shown on and the output data of the latch circuit 32 are  in Fig. 2.
supplied to the latch circuit 36 via the gate circuit  Meanwhile, the
output pulse KONP1 is supplied 34.
to the delay circuit 48 wherein the output pulse The latch circuit 36
latches the output data of  KONP1 is delayed by a half cycle of the clock
eight bits from the latch circuit 30 and the output  20  signal CA (shown
by a cycle CA/2 in Fig. 3). Hence, data of four bits from the gate circuit
34 based on  the delay circuit 48 outputs an output pulse KONP2 the control
signal Co so that the latch circuit 36 can  (shown by a dotted line in Fig.
4(a)) to the selector output data of twelve bits. When the tom-tone     42
as a selecting signal SB. waveform data are read out from the waveform
The selector 42 selects the input terminal B memory 14, the latch circuit
36 outputs the am-   25  and outputs the start address data SAD to an adder
plitude data of twelve bits. On the other hand, when  56 when the value of
the selecting signal SB is "1". the waveform  data other than the tom-tone
The delayed output pulse KONP2 is supplied to the waveform data are read
out from the waveform      gate circuit 58 as a disable signal DIS, whereby
the memory 14, the gate circuit 34 is turned off, hence,  gate circuit 58
is turned off. In this case, the value the amplitude data of eight bits
from the latch   30  of the start address data SAD from the selector 42
circuit 30 are only outputted via the latch circuit 36.  is not changed in
an adder 56, and the start ad- Meanwhile, the latch operation for the
output data  dress data SAD are supplied to a register 60 via of the
waveform memory 14 will be described later  the adder 56. Then the start
address data SAD are in conjunction with Fig. 6.
loaded in the register 60 at the timing of the control The amplitude data
of eight bits or twelve bits  35  signal Co. As shown in Fig. 4(k), the
start address from the latch circuit 36 are supplied to a digital-to-  data
SAD (shown by data SAD + 0) are outputted analog converter (DAC) 38 wherein
the amplitude   from the register 60 as the address data AD in a data are
converted into an analog signal. This ana-  first period (between times to
and t2) and this start log signal is supplied to a sound system 40. As a
address data SAD are supplied to the input termi- result, the sound system
40 generates the percus-  40  nal A of the selector 42. The time base of
the sive tone corresponding to the depressed rhythm   timing charts shown
in Figs. 4(j) and 4(k) are operator. Thus, the manual rhythm performance
shown as four times of the time base of the timing can be played by the
player.                      charts shown in Figs. 4(a) to 4(i). Next,
description will be given with respect to   Meanwhile, a selector 62
receives an output the address generator 20 in detail in conjunction   45
signal of an AND gate 64, which is supplied with with Figs. 3 and 4.
the tom-tone selecting signal TOM and the control In Fig. 3, the start
address data SAD are sup-  signal SEL2, as a selecting signal SB. In
addition, plied to an input terminal B of a selector 42 within  data having
a value of " + 1 (data " + 1 ") and data the address generator 20, and the
key-on signal   having a value of " + 2" (data  + 2") are supplied to KON
is supplied to a synchronizing differentiation   50  respective input
terminals A and B of the selector circuit 44. A clock source 46, which can
vary the  62. The selector 62 selects the input terminal A clock frequency
thereof, generates and outputs a  and outputs the data "+1" to the gate
circuit 58 clock signal CA to the synchronizing differentiation  when the
selecting signal SB has the value "0". On circuit 44, a delay circuit 48
and a ring counter 50.  the other hand, the selector 62 selects the input
The synchronizing differentiation circuit 44 dif-  55  terminal B and
outputs the data "+ 2" to the gate ferentiates the key-on signal KON in
synchronism  circuit 58 when the selecting signal SB has the with the clock
signal CA so as to output an output  value "1 ". In the above first period
when the value pulse KONP1 having a pulse width corresponding    of the
control signal SEL2 is "0" after the delayed 5    9                 EP 0
258 798 B1                    10 output pulse KONP2 is generated from the
delay     the address data ADS so as to generate tones, the circuit 48, the
value of the selecting signal SB is  tone pitches of the generated tones
are determined "0" and the selector 62 selects and outputs the    based on
a read-out speed corresponding to the 



data " + 1 " to the gate circuit 58.               frequency of the clock
signal CA. Therefore, it is At a time [err] when the value of the delayed
5   possible to control the tone pitches by changing output pulse KONP2
becomes "0", the selector 42    the frequency of the clock signal CA
according to selects the input terminal A and outputs the start  needs.
address data SAD (supplied from the register 60)       Next, description
will be given with respect to to the adder 56. At this time, the gate
circuit 58 is  the process for outputting the amplitude data of turned on,
hence, the output data "+ 1" from the   10  eight bits or twelve bits,
which are obtained by selector 62 is passed through the gate circuit 58
latching the output data of the waveform memory and supplied to the adder
56 wherein the data         14 shown in Fig. 2, in conjunction with Fig. 6.
"+ 1" is added with the start address data SAD.        The selector 26
outputs the first latch signal L1 Therefore, the adder 56 outputs data SAD
+1 to     which is obtained by selecting pulses [err] the register 60
wherein the data SAD + 1 are loaded   15  (shown by hatching in Fig. 6)
respectively from the therein at a timing of the control signal Co. As a
control signals [err] and disposing the se- result, the register 60 outputs
the data SAD +1 at a  lected pulses [err] into one pulse train. time [err]
when the value of the control signal [err]  Similarly, the selector 26
outputs the second latch shown in Fig. 4(j) changes from "0" to "1 ".
Hence,  signal L2 which is obtained by selecting pulses P12 e register 60
outputs the data SAD +1 in a sec-  20  and [err] (which are different from
the pulses [err] ond period between times [err]                        and
[err] in respective control signal [err] and After the time [err] the
output data of the register  disposing the selected pulses [err] into one
60 differs depending on the case where the value   pulse train. of the
tom-tone selecting signal TOM is "1" or "0".  In the case where the non-tom
waveform data In the case where the value of the tom-tone select-  25  are
read out from the waveform memory 14 (, ing signal TOM is "1", the selector
62 selects and  which includes the case where the noisy tom-tone outputs
the data "+2" at every time when the       waveform data are read out from
the waveform value of the control signal SEL2 becomes "1" as     memory 14
as shown in Fig. 1), the waveform shown in Fig. 4(j). Thus, as shown in
Fig. 4(k), the  memory 14 sequentially outputs the data [0] of the register
60 sequentially outputs the data SAD+3,  30  address "0", the data [1] of
the address "1", the SAD + 4, SAD + 6, ... at every periods.
data [2] of the address "2", ... based on the ad- On the contrary, in the
case where the value of  dress data ADS as shown in Fig. 6(A). On the other
the tom-tone selecting signal TOM is "0", the se-  hand, in the case where
the tom-tone waveform lector 62 always selects and outputs the data
data are read out from the waveform memory 14, " + 1", as shown by (1) in
Fig. 4(j), even when the   35  the waveform memory 14 sequentially outputs
the value of the control signal[err] is "1". As a result,  data [0], [1],
[1], [2], [3], [4], [4], ... based on the the register 60 sequentially
outputs the data      address data ADS as shown in Fig. 6(B). SAD + 2, SAD
+ 3, SAD + 4, ... at every periods.       More specifically, in the case
where the non- The output data of the register 60 are supplied  tom
waveform data are read out from the waveform to the adder 22 (shown in Fig.
2) as the address   40   memory 14, the gate circuit 34 is turned off,
hence, data AD. In this case, the adder 22 outputs the    the waveform
memory 14 outputs the amplitude address data ADS as the address data AD
when       data of eight bits to the DAC 38 via the latch the value of the
signal TOM is "0". On the other   circuits 30 and 36 in series. In this
case, the data hand, the adder 22 performs the addition operation  [0]
shown in Fig. 6(A) are latched in the latch when the value of the signal
TOM is "1"  as shown   45  circuit 30 in response to the pulse [err] of the
latch in Fig. 5. Fig. 5 shows the address data AD and    signal L2. This
output data [0] of the latch circuit 30 ADS by omitting the start address
data SAD there-  are latched in the latch circuit 30 at the timing of from.
More specifically, the data AD the value of  the control signal [err].
Next, the data [1] shown in which sequentially varies as "0", "1", "3",
"4", "6",  Fig. 6(A) are latched in the latch circuit 30 in "7", ... are
supplied to the adder 22 wherein the  50   response to the pulse [err] of
the signal L2, and the data AD are added with the data "1" at a timing of
latched output data [1] of the latch circuit 30 are the control signal
C2+3. As a result, the adder 22  latched in the latch circuit 36 at the
timing of the outputs the data ADS, the value of which sequen-   control
signal Co. Thereafter, the same latch opera- tially varies as "0", "1",
"1", "2", "3", "4", "4",  tion is repeatedly performed. As a result, the
latch "5", "6", "7", "7", ... at a timing of the control  55  circuit 36
outputs the amplitude data of eight bits, signal [err]
which sequentially varies such as [0], [1], [2], [3], Incidentally, when
the waveform data are read   as shown by (err) in Fig. 6. out from the
waveform memory 14 in response to 6    11                EP 0 258 798 B1
12 On the other hand, in the case where the tom-   thermore, one sampling
bit number M is not limited tone waveform  data are read out from  the
to twelve bits, and one word bit number N of the waveform memory 14, the
gate circuit 34 is turned  waveform memory 14 is not limited to eight bits.
In off depending on the value of the tom-tone select-  this case, there is
a relation between the above bit 



ing signal TOM. Hence, the latch circuit 36 outputs   5   numbers M and N
for the efficient utilization of the the amplitude data of twelve bits.
waveform memory 14, i.e., N < M S 1.5N. And the More specifically, the
selector 28 (which re-   subject matter of the present invention is that
the sponses to the control signal SEL) selects the     data storing format
is determined such that the upper data UB of four bits in a period when the
amplitude data of two sampling points are stored in output data of the
waveform memory 14 represent  10  every three storing areas of the waveform
memory. the data [0] and [1] shown in Fig. 6(B). In addition,  Hence, any
combination between the bit numbers the selector 28 selects the lower data
LB of four   M and N can be selected within the meaning of the bits in a
period when the output data of the       above relation. Plus, when the bit
numbers M and waveform memory 14 represent the data [1] and       N are set
as N = 2 (M - N) (e.g., when M equals to [2] shown in Fig. 6(B). For this
reason, the upper  is  twelve and N equals to eight), the unused storing
data [1]UB of four bits within the data [1] are    areas can be eliminated
and the utilization effi- latched in the latch circuit 32 in response to
the  ciency of the waveform memory reaches 100%. pulse [err] of the first
latch signal L1. Next, the lower data [1]LB of four bits within the data
[1] are  Claims latched in the latched circuit 32 in response to the   20
pulse [err] of the first latch signal L1. Similarly, the  1. An apparatus
for generating tones by use of a data [4]UB, [4]LB, [7]UB, [7]LB, ... are
sequentially  waveform memory, said apparatus pre-storing latched in the
latch circuit 32.                       a plurality of amplitude data
corresponding to In parallel with the above latch operation of the   the
amplitude of a tone waveform at every latch circuit 32, the data [0] are
latched in the latch   25  sampling point and generating tones corre-
circuit 30 in response to the pulse [err] of the         sponding to the
stored amplitude data, com- second latch signal L2. Next, the data [2] are
prising: latched in the latch circuit 30 in response to the
a)waveform  memory means (10, 14) for pulse P32 of the second latch signal
L2. Similarly,       storing amplitude data of M bits (where M the data
[3], [5], [6], ... are sequentially latched in  30  denotes an integral
number) said waveform the latch circuit 30.
memory means consisting of a plurality of In parallel with the latch
operations of the latch    one-word storing areas (12) each of which is
circuits 30 and 32 described heretofore, both out-        constructed  by
N-bit storing  positions put data of the latch circuits 30 and 32 are
latched     (where N denotes an integral number such in the latch circuit
36 in response to the control  35   that N < M S 1.5 N); signal Co. As a
result, the latch circuit 36 sequen-      b) address supplying means (18,
20, 22 and tially outputs the amplitude data of twelve bits as       24)
for supplying addresses indicating each shown by (BOUT) in Fig. 6. More
specifically, the         of said one-word storing areas to said output
data of the latch circuit 36 sequentially re-      waveform memory means,
so that N bits present the data [0] plus [1 ]UB, the data [2] plus   40
storing positions are read out; [1 ]LB, the data [3] plus [4]UB, the data
[5] plus [4]-   c) tone generating means (38, 40) for gen- LB, ... It is
obvious that the above output data of      erating a tone based on read out
data the the latch circuit 36 are identical to the data of
apparatus being characterized in that am- twelve bits shown in the middle
part of Fig. 1.           plitude data of two sampling points are Above is
the description of a preferred embodi-  45   stored in three of said
one-word storing ment of the present invention. For instance, one
areas (12), one data of N bits within one rhythm tone is generated at one
tone generating           amplitude data of M bits being stored in a timing
in the present embodiment, however, it is         first one-word storing
area and other data of possible to employ a time division multiplex sys-
N bits within other amplitude data of M bits tem and simultaneously
generate plural tones at  50       are stored in a third one-word storing
area, the same time. In addition, the rhythm performance        one
remained data of (M-N) bits within said is played by the manual operation
in the present         one amplitude data of M bits and other embodiment,
however, it is possible to provide a          remained data of (M-N) bits
within said oth- rhythm pattern memory and thereby control the
er amplitude data of M bits being stored in read-out operation of the
waveform memory in ac-  55      a second one-word storing area. cordance
with the rhythm pattern pre-stored in the rhythm pattern memory. In this
case, it is possible  2. An apparatus according the claim 1, further to
automatically play the rhythm performance. Fur-     comprising: 7    11
EP 0 258 798 B1                   12 On the other hand, in the case where
the tom-  thermore, one sampling bit number M is not limited tone waveform
data are read out from  the         to twelve bits, and one word bit number
N of the waveform memory 14, the gate circuit 34 is turned  waveform memory
14 is not limited to eight bits. In off depending on the value of the
torn-tone select-  this case, there is a relation between the above bit ing
signal TOM. Hence, the latch circuit 36 outputs   5   numbers M and N for
the efficient utilization of the 



the amplitude data of twelve bits.                 waveform memory 14,
i.e., N < M [err] 1 .5N. And the More specifically, the selector 28 (which
re-   subject matter of the present invention is that the sponses to the
control signal SEL) selects the     data storing format is determined such
that the upper data UB of four bits in a period when the    amplitude data
of two sampling points are stored in output data of the waveform memory 14
represent  10  every three storing areas of the waveform memory. the data
[0] and [1] shown in Fig. 6(B). In addition,  Hence, any combination
between the bit numbers the selector 28 selects the lower data LB of four
M and N can be selected within the meaning of the bits in a period when the
output data of the       above relation. Plus, when the bit numbers M and
waveform memory 14 represent the data [1] and      N are set as N = 2 (M -
N) (e.g., when M equals to [2] shown in Fig. 6(B). For this reason, the
upper  is  twelve and N equals to eight), the unused storing data [1]UB of
four bits within the data [1] are    areas can be eliminated and the
utilization effi- latched in the latch circuit 32 in response to the
ciency of the waveform memory reaches 100%. pulse [err] of the first latch
signal L1. Next, the lower data [1]LB of four bits within the data [1] are
Claims latched in the latched circuit 32 in response to the   20 pulse
[err] of the first latch signal L1. Similarly, the  1. An apparatus for
generating tones by use of a data [4]UB, [4]LB, [7]UB, [7]LB, ... are
sequentially  waveform memory, said apparatus pre-storing latched in the
latch circuit 32.                       a plurality of amplitude data
corresponding to In parallel with the above latch operation of the  the
amplitude of a tone waveform at every latch circuit 32, the data [0] are
latched in the latch   25  sampling point and generating tones corre-
circuit 30 in response to the pulse [err] of the         sponding to the
stored amplitude data, com- second latch signal L2. Next, the data [2] are
prising: latched in the latch circuit 30 in response to the
a)waveform  memory means (10, 14) for pulse P32 of the second latch signal
L2. Similarly,      storing amplitude data of M bits (where M the data [3],
[5], [6], ... are sequentially latched in  30  denotes an integral number)
said waveform the latch circuit 30.
memory means consisting of a plurality of In parallel with the latch
operations of the latch    one-word storing areas (12) each of which is
circuits 30 and 32 described heretofore, both out-       constructed  by
N-bit storing  positions put data of the latch circuits 30 and 32 are
latched     (where N denotes an integral number such in the latch circuit
36 in response to the control  35   that N < M [err] 1.5 N); signal Co. As
a result, the latch circuit 36 sequen-     b) address supplying means (18,
20, 22 and tially outputs the amplitude data of twelve bits as      24) for
supplying addresses indicating each shown by (BOUT) in Fig. 6. More
specifically, the        of said one-word storing areas to said output data
of the latch circuit 36 sequentially re-    waveform memory means, so that
N bits present the data [0] plus [1]UB, the data [2] plus   40   storing
positions are read out; [1]LB, the data [3] plus [4]UB, the data [5] plus
[4]-  c) tone generating means (38, 40) for gen- LB, ... It is obvious that
the above output data of      erating a tone based on read out data the the
latch circuit 36 are identical to the data of        apparatus being
characterized in that am- twelve bits shown in the middle part of Fig. 1.
plitude data of two sampling points are Above is the description of a
preferred embodi-  45   stored in three of said one-word storing ment of
the present invention. For instance, one         areas (12), one data of N
bits within one rhythm tone is generated at one tone generating
amplitude data of M bits being stored in a timing in the present
embodiment, however, it is         first one-word storing area and other
data of possible to employ a time division multiplex sys-        N bits
within other amplitude data of M bits tem and simultaneously generate
plural tones at  so      are stored in a third one-word storing area, the
same time. In addition, the rhythm performance       one remained data of
(M-N) bits within said is played by the manual operation in the present
one amplitude data of M bits and other embodiment, however, it is possible
to provide a         remained data of (M-N) bits within said oth- rhythm
pattern memory and thereby control the            er amplitude data of M
bits being stored in read-out operation of the waveform memory in ac-  55
a second one-word storing area. cordance with the rhythm pattern pre-stored
in the rhythm pattern memory. In this case, it is possible  2. An apparatus
according the claim 1, further to automatically play the rhythm
performance. Fur-     comprising: 7    13                EP 0 258 798 B1
14 a) selecting means (16) for selecting one of  4. An apparatus according
to claim 1, wherein a first or a second tone corresponding to a     said M
equals to twelve and said N equals to single  tone  waveform  stored  in
said        eight. waveform memory means; b) address generating means (20,
22 and   5   Patentansprlche 24) for generating a first address when said 



selecting means select said first (normal)   1. Vorrichtung zur Erzeugung
von Thnen unter tone and generating a second address when       Verwendung
sines Wellenformspeichers, bei said selecting means selects said second
der sine Vielzahl von Amplitudendaten, die der (noisy) tone; and
10      Amplitude einer Tonwellenform an jedem Ab- c) tone generating means
(26 to 36) for         tastpunkt entsprechen, vorgespeichert und generating
selected first or second tone;       Tone entsprechend den gespeicherten
Ampli- d) wherein said amplitude data of two sam-      tudendaten erzeugt
werden, mit pling points are reproduced based on said         (a)
Wellenformspeichermitteln (10, 14) zur first address in such a manner that
said one   15  Speicherung von Amplitudendaten mit M data of N bits read
out from said first one-       Bits (wobei M eine ganze Zahl bedeutet),
word storing area and said one remained            welche
Wellenformspeichermittel aus einer data of (M-N) bits read out from said
sec-         Vielzahl von Einwortspeicherbereichen (12) ond one-word
storing area are combined             bestehen, von denen jeder N-Bit
Speicher- together to thereby reproduce said one am-   20    platze
aufweist, (wobei N sine ganze Zahl plitude data of M bits, and further said
other      ist, so da3 gilt: N<MS1,5N); data of N bits read out from said
third one-       b) Adressenbereitstellungsmitteln (18, 20, word storing
area and said other remained          22 und 24), urn Adressen
bereitzustellen, data of (M-N) bits read out from said sec-         die
jeweils die Einwortspeicherbereiche den ond storing area are combined
together to  25      Wellenformspeichermitteln anzeigen, sodas thereby
reproduce said other amplitude             N-Bit Speicherpl~tze ausgelesen
werden; data of M bits when said selecting means           c)
Tonerzeugungsmitteln (38, 40), um auf selects said first tone, said one and
other        der Grundlage der ausgelesenen Daten ei- amplitude data being
sequentially outputted        nen Ton zu erzeugen, so that said first tone
is generated; and  30   welche Vorrichtung dadurch gekennzeichnet e)
wherein said second tone is generated        ist, dafl Amplitudendaten
zweier Abtastpunkte based on said second address in such a          in drei
Einwortspeicherbereichen (12) gespei- manner that data stored in each
storing area    chert werden, wobei sin Datenwert mit N Bits are
sequentially  read  out from  said         innerhalb eines
Amplitudendatenwertes mit M waveform memory means and said each   35
Bits in einem ersten Einwortspeicherbereich, sampling point of the second
tone is gen-       ein anderer Datenwert mit N Bits innerhalb erated based
on the read data of one N-bit      eines anderen Amplitudendatenwertes mit
M word when said selecting means selects          Bits in einem dritten
Einwortspeicherberelch, said second tone.                               ein
Obriger Datenwert mit (M-N) Bits innerhalb 40      des einen
Amplitudendatenwertes mit M Bits 3  An apparatus according to claim 1
further com-     und ein Obriger Datenwert mit (M-N) Bits inner- prising
reproducing means consisting of            halb des anderen
Amplitudendatenwertes mit a) first read-out means (26, 30) for reading    M
Bits in einem zweiten Einwortspeicherbe- out said word data of N bits from
said first    reich gespeichert werden. or third one-word storing area;
45 b) second read-out means (26, 28 and 32)     2. Vorrichtung nach
Anspruch 1, die des weiteren for reading out remained data of (M-N) bits
folgendes aufweist: corresponding to said word data read out by        a)
Auswahlmittel (16) zum Auswihlen sines said first read-out means from said
second         ersten oder sines zweiten Tones, der elner one-word storing
area; and              50         einzigen, in den
Wellenformspeichermitteln c) combining means (36) for combining said
gespeicherten Tonwellenform entspricht; word data from said first read-out
means           b) Adressenerzeugungsmittel (20, 22 und and corresponding
remained data from said          24) zur Erzeugung einer ersten Adresse,
second read-out means to thereby repro-            wenn  die  Auswahimittel
den  ersten duce said amplitude data of M bits at each   55   (normalen)
Ton auswfhlen, und zur Erzeu- sampling point.
gung einer zweiten Adresse, wenn die Aus- wahimittel den zweiten
(rauschenden) Ton auswAhlen; und    15                EP 0 258 798 B1
16 I~~~Hl 11111 I111 III 110 c) Tonerzeugungsmittel (26 bis 36) zur Er-
Revendicatlons                                 S zeugung des ausgewahiten
ersten oder zweiten Tones;                              1. Dispositif
generateur de sons utilisant une me- d) wobei die Amplitudendaten zweier
Ab-         moire de formes d'onde, ledit dispositif memo- tastpunkte auf
der Grundlage der ersten   5     risant au prealable une pluralit4 de
donnees Adresse in einer solchen Weise reproduziert     d'amplitude
correspondant a l'amplitude d'une werden, daB der eine aus dem ersten Ein-
forme d'onde de son a chaque point d'echan- 



wortspeicherbereich ausgelesene Datenwert      tillonnage et produisant des
sons correspon- mit N Bits und der Ubrige aus dem zweiten       dant A la
donnee d'amplitude memorisee, Einwortspeicherbereich ausgelesene Daten-  lo
comprenant: wert mit (M-N) Bits kombiniert werden, um         a) un moyen
de m6morisation de formes den Amplitudendatenwert mit M Bits zu re-
d'onde (10, 14) pour memoriser des don- produzieren, wobei ferner der
andere aus          n6es d'amplitude de M bits (ob M d~signe dem dritten
Einwortspeicherbereich ausge-         un nombre entier) ledit moyen de
memori- lesene Datenwert mit N Bits und der Ubrige   15   sation de formes
d'onde etant constitu6 aus dem  zweiten Einwortspeicherbereich
d'une pluralit6 de zones de m6morisation ausgelesene Datenwert mit (M-N)
Bits kom-         d'un mot (12) dont chacune est constitute biniert werden,
um den anderen Amplitu-           par des positions de memorisation a N
bits dendatenwert mit M Bits zu reproduzieren,         (ob N designe un
nombre entier tel que N < wenn die Auswahlmittel den ersten Ton aus-  20
M S 1,5 N); wShlen, wozu der eine und der andere Am-          b) un moyen
de delivrance d'adresse (18, plitudendatenwert sequentiell ausgegegeben
20, 22, et 24) pour delivrer des adresses werden, so daB der erste Ton
erzeugt wird;        indiquant chacune desdites zones de me- und
morisation d'un mot audit moyen de memo- e) wobei der zweite Ton auf der
Grundlage   25    risation de formes d'onde, de sorte que des der zweiten
Adresse in einer solchen Weise        positions de m6morisation de N bits
sont erzeugt wird, daB die in jedem Speicherbe-        lues; reich
gespeicherten Daten sequentiell aus         c) un moyen gen~rateur de sons
(38, 40) den Wellenformspeichermitteln ausgelesen          pour produire un
son base sur la donn6e werden und jeder Abtastpunkt des zweiten   30
lue, le dispositif 6tant caracterise en ce que Tones auf der Grundlage der
ausgelesenen          les donnees d'amplitude de deux points Daten mit
einem N-Bit-Wort erzeugt wird,          d'6chantillonnage sont. memorisees
dans wenn die Auswahlmittel den zweiten Ton            trois desdites zones
de memorisation d'un auswahlen.                                        mot
(12), une donn6e de N bits, h I'interieur 35        d'une donnee
d'amplitude de M bits, etant 3. Vorrichtung nach Anspruch 1, die des
weiteren        m6morisee dans une premiere zone de me- Reproduziermittel
aufweist, die folgendes auf-       morisation d'un mot, et une autre donn~e
weisen:                                              de N bits, A
I'interieur d'une autre donn~e a) erste Auslesernittel (26, 30), um das Da-
d'amplitude de M bits, etant m6moris~e tenwort mit N Bits aus dem ersten
oder  40        dans une troisierne zone de m~morisation dritten
Einwortspeicherbereich auszulesen;        d'un mot, la donnee restante de
(M - N) bits b) zweite Auslesemittel (26, 28, und 32), um      dans ladite
une donnee d'amplitude de M den Obrigen Datenwert mit (M-N) Bits aus-
bits et l'autre donnee restante de (M - N) zulesen, der dem Datenwort
entspricht, das        bits dans ladite autre donnee d'amplitude von den
ersten Auslesernitteln aus dem   45       de M  bits etant memorisees dans
une zweiten Einwortspeicherbereich ausgelesen         deuxieme zone de
memorisation d'un mot. wird, und c) Kombinationsmittel (36) zurn
Kombinieren  2. Dispositif selon la revendication 1, comprenant des
Datenwortes von den ersten Auslese-         de plus: mitteln und einem
entsprechenden Ubrigen   50     a) un moyen de s6lection (16) pour selec-
Datenwert von den zweiten Auslesernitteln         tionner l'un d'un premier
ou d'un second zu kombinieren, um dadurch den Amplitu-           son
correspondant A une forme d'onde uni- dendatenwert mit M Bits an jedern
Abtast-         que memoris6e dans ledit moyen de me- punkt zu
reproduzieren.                           morisation de formes d'onde; 55
b) un moyen generateur d'adresses (20, 22, 4. Vorrichtung nach Anspruch 1,
bei der M gleich        et 24) pour produire une premiere adresse zwdlf und
N gleich acht ist.                        lorsque ledit moyen de selection
selection- ne ledit premier son (normal), et pour pro- 9    17          .
EP 0 258 798 B1                   18       I ||||| 1||1||  l||| *C   L  M
Ss duire une seconde adresse lorsque ledit           moyen ladite donnee
d'amplitude de M bits moyen de selection selectionne ledit se-          a
chaque point d'echantillonnage. cond son (bruyant) ; et c) un moyen
g6nerateur de sons (26 A 36)    4. Dispositif selon la revendication 1,
dans lequel pour produire le premier ou le second son   5  ledit M est egal
a douze a ledit N est egal a s6lectionne;
huit. d) dans lequel lesdites donnees d'amplitude 



de deux points d'echantillonnage sont re- produites en se basant sur ladite
premiere adresse de telle manibre que ladite une  to donnee de N bits, lue
dans ladite premiere zone de m6morisation d'un mot, et ladite une donnee
restante de (M - N) bits lue dans ladite deuxieme zone de m6morisation d'un
mot sont combin~es ensemble pour  i6 produire par ce moyen ladite une
donn~e d'amplitude de M bits, et en outre que ladite autre donnee de N bits
lue dans ladite troisieme zone de memorisation d'un mot et ladite autre
donnee restante de (M - N) bits  20 K...-   lue dans ladite deuxieme zone
de memori- sation sont combin6es ensemble pour pro- duire par ce moyen
ladite autre donn~e d'amplitude de M bits lorsque ledit moyen de s~lection
sllectionne ledit premier son,  25 lesdites une et autre donnees
d'amplitude 6tant sorties de maniere sequentielle de sorte que ledit
premier son est produit ; et, e) dans lequel ledit second son est produit
en se basant sur lesdites secondes adres-  30 ses de telle maniere que les
donndes me- morisees dans chaque zone de memorisa- tion sont lues de fagon
sequentielle dans ledit moyen de m~morisation de formes d'onde et que
chaque point d'echantillonna-  35 ge du second son est produit en se basant
sur la donnee lue d'un mot de N bits lors- que ledit moyen de s~lection
selectionne ledit second son. 40 3  Dispositif selon la revendication 1,
comprenant de plus un moyen de reproduction constitue de : a) un premier
moyen de lecture (26, 30) pour lire ladite donn6e de mot de N bits  45 dans
ladite premiere ou ladite troisieme zone de memorisation d'un mot; b) un
second moyen de lecture (26, 28 et 32) pour lire la donnde restante de (M -
N) bits correspondant a ladite donnee de mot  50 lue par ledit premier
moyen de lecture dans ladite deuxieme zone de memorisation d'un mot ; et,
c) un moyen de combinaison (36) pour combiner ladite donnee de mot issue
dudit  55 premier moyen de lecture et la donnee res- tante correspondante
issue dudit second moyen de lecture pour produire par ce 10    


