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Data Generation Device for an Electronic Musical

[N

Instrument

Tﬂis invention relates to a data generation device

for an electronic musical instrument and, more

5 particulafy, to a data generation device which can be
used for generating, for example, waveform data,
envelope data, tone color parameter data and other
various parameter data and in which the manner of
storing and reading out data is improved and an

10 efficient utilization of a data memory is thereby
realized.

The prior art concept for realizing an efficient
utilization of a data memory was to adopt a compressed
data representation system instead of a normal PCM

15 system as a representation form of data stored in the
data memory. U.S. Patent No. 4,916,996, for
example, discloses storage of tone waveform data which
is™ compressed by employment of the 1linear prediction
coding system (LPC). U.S. Patent No. f,809,577 also

20 discloseg.waveform data compression technique.

-Iguthe prior art data storage device employing data
compression as well as the conventig:al data storage
device for the PCM system data, data is stored at gach

memory address at one to one relation and data =§%ngth
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(data size, i.e., the bit number constituting single
data) of data stored therein is fixed to a certain
number. For example, it is normal for single data
having data length of 16 bits to be stored in an address
of 16 bits. As a special usage of a memory, an address
of 16 bits is divided, for example, into two sections
each having 8 bits and different 8-bit data are stored
respectively in these memory sections. Even in this
case, however, each data to be stored has fixed data
length of 8 bits..

In the prior art devices in which data is stored
with fixed data length, storage cells of a memory are
wasted when used for data whose effective bit number is
smaller than the fixed data length. In a case where,
for example, tone waveform data is stored so that its
maximum amplitude value may be covered with fixed data
length of 16 bits, there occurs a case where the number
of effective bits is only 2 bits or 3 bits at a sample
point at which the amplitude value is relatively small.
In such a case, storage cells of 13 bits or 14 bits for
one address are undesirably wasted. The, storage cells
thus watted reaches an unignorable amount when viewing
_the ~ eptire memory. This constitutgg a factor which
prevents efficient utilization of ra memory and,
therefore, prevents realization of a compact c;néuit

P

design and reduction of manufacturing cost.
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It is, therefore, an object of the invention to
provide a data generation device for an electronic
musical instrument capable of reducing the number of
wasted storage cells and thereby realizing efficient
utilization of a memory.

The data generation device for an electronic
musical instrument, for achieving the above described
object of the invention comprises a memory circuit for
storing plural data having a desired variable data
length, a data length designation circuit for

designating data length of data to be read from the

memory circuit, and a takeout circuit for selectively

taking out necessary data from the memory circuit in
accordance with the designated data length.

Data length of data stored in the memory circuit is
not fixed but is made variable as desired. The data
length of data to be taken out of the memory circuit is
defignated by the data length designation circuit. The
takeout circuit selectively takes out necessary data
from the memory circuit in accordafce with the
designa¥§§ data length.

Stn'ce data.length of data to besgtored in a memory
is nét fixed but made variable as desired, storage cells

]
of the number necessary for effective bits of théﬁgﬂata
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only are occupied and unnecessary storage cells are not
occupied. In other words, empty storage cells can be
utilized for storing other data without being occupied.
Accordingly, efficient use of a memory can be realized,
Further, since data length of data to be taken out of a
memory is designated, necessary data can be selectively
taken out of the memory means in accordance with the
designated data 1length, so that a problem in data
takeout arising from adopting variable data 1length is
solved and necessary data only can be taken out without
any problem.

According to another aspect of the invention, a
data generation device comprises a memory cilrcuit
storing single data of a desired bit number over plural
addresses with a desired bit position in one address
being used as a head position, a reading circuit for
reading out data of all bits over the plural addresses
from the memory circuit for taking out the single data,
a point out circuit for pointing out the position of MSB
or_LSB of the data to be taken out of the data over the
plural addresses which has been read by the reading
circuitl and a takeout circuit for tzking- out, in

WA

response to the position which has been pointed out by

a2iag W

'the point out circuit and the bi] nﬁﬁber of the da{a,

the single data of the desired bit number from the data

over the plural addresses which has been read Eyf the
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reading circuit.

In this case, single data of a desired bit number
is stored over plural addresses with a desired bit
position being used as the head position. Plural data
each having a desired bit number can therefore be stored
efficiently as closely as possible without being
restricted by the address unit. An efficient uilization
of the memory can thereby realized.

According to still another aspect of the invention,
a data generation &evice comprises a memory circuit for
storing first data and second data mixedly, the second
data consisting of plural bits and being divided into
plural sections, each of the sections being stored
separately in said first data, a reading circuit for
reading out the data stored in the memory circuit
address by address, a data separation circuit for
separating the section of the first data and the section
of the second data from the data which has been read out
by the reading circuit, and a reproduction circuit for
reproducing completed second data by assembling
réspective sections of the second data wﬁich has been
separated by the data separation circuit.’

-_ﬂ.p_h‘
. The: second data is separated into plural sections
. e W . - - N - -
and stored separately in the first #ata, so that the
second data is in a hidden state in the first data.

This manner of storing the second data enablgﬁf the
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._sectlon in Fig. 1:

second data to be packed efficiently in a suitable empty
position of the first data, in compliance with various
conveniences such as the bit number of the first data
and the bit number of the address and therefore is
advéntageous for realizing an efficient utilization of
the memory.

Preferred embodiments of the invention will be
described hereinbelow with reference to the accompanying

dravwings.

In the accompanying drawings,

Fig. 1 is a block diagram showing the entire
construction of an electronic musical instrument
incorporating an embodiment of the invention;

Fig. 2 is a diagram showing an example of data
format of data stored in a waveform memory in Fig. 1;

Fig. 3 is a diagram showing an example of memory
format used when data having variable data length of the
format shown in Fig. 2 is stored in the waveform memory
in"Fig. 1;

Fig. 4_ is a block diagram showingagn example of

internaliconstruction of a data takeout and reproduction

aelag W e - - " i:

Y

. Fig. 5 1is a block diagram showing a specific
example of a sample counter and a hidden bit conirol

signal generation circuit in Fig. 4; -
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Fig., 6 is a block diagram showing a specific
example of a data length counter and an address counter
in Fig. 4;

Fig. 7 1is a block diagram showing a specific

5 example of a data position reproduction circuit in Fig.
43
Fig. 8 1is a block diagram showing a specific
example of a hidden bit sepration circuit and a data
adjustment circuit in Fig. 43
10 Fig. 9 1is a block diagram showing a specific
example of a hidden bit reproduction circuit and a data
length register in Fig. 4;
Figs. 10a and 10b are diagrams for explaining
an example of operation of a shifter in Fig. 7; and
15 Figs. 11 and 12 are block diagrams showing an
example of a compressed data demodulation circuit in
Fig. 1.
>
WA,
nTeg ¥ . - .- ﬁ : -
£
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In the electronic musical instrument shown in Fig.
1, the data generation device according to the invention
is employed as a tone waveform generation device. More
specifically, data is stored in a waveform memory 10
constructed of a ROM in a format according to an
embodiment of the invention and data is read from this
waveform memory 10 for reproduction of a +tone by a
method according to the embodiment.

Description of variable data and hidden bit

An example of a data format of data to be stored in
the waveform memory 10 will be described first with
reference to Fig. 2.

Fig. 2 shows a data format of tone waveform data
corresponding to a single tone color. The data format
is divided into frames each of which consists of a data
group for 16 sample points. The data length of these
data 1is not constant but can be any length. In this
embodiment, however, the data for 16 sample points in
the same frame have the same data length. In Fig. 2,
the size, 1i.e., data length, of waveform data belonging
to the *Erame 0 is 11 bits, that of waveform data

belonging to the frame 1 is 10 bits and that of waveform

“laa W - -~

"data belonging to the frame 2 is 12 bfts.

In this embodiment, each of data for the first to

fourth sample points (sample points 0 to 3) haSﬁgiktra
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one bit of "hidden Dbit" (HBO to HB3) for “hidden
information” in addition to the above described waveform
data. The data having the hidden bits HBO to HB3 for
these sample points have a data length which is one bit
larger than data for other sample points in the same
frame. Without these hidden bits HBO to HB3, 1i.e., as
far as the size of substantial waveform data is
concerned, all data in the same frame have the same
size.

Each of the hidden bits HBO to HB3 does not have
apparent significance when it is kept in a separated
state and contents of information are hidden. When
these hidden bits HBO to HB3 are aggregated together to
form 4-bit information, the contents of the “"hidden
information" are exposed. In this embodiment,
information designating data length is assigned as the
*hidden information". More specifically, as "hidden
information” in a certain frame, information designating
data 1length of waveform data in the next frame Iis
asgigned. Weights of binary code of these hidden bits
are in the order of HB3 (MSB), HB2, HBl1 and HBO (LSB).

In the . example of Fig. 2, the corftents of the
hidden “bits HB3 to HBO in the frame O are ©1010" and

“desighite data length = 10 bits in #We next frame 1.
The contents of the hidden bits HB3 to HBO in the fzame

1 are "1100" and designate data length = 12 bitsj§§'the
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next frame 2. Since there is no preceding frame to the
first frame 0, a suitable method may be employed for
providing information for designating data length of the
first {frame such, for example, as storing information
5 designating the data length of the first frame in a
separate memory such as a tone color data memory.

Description of data storing format

Fig. 3 shows an example of a memory format used ih

a case where data of variable data length composed of

10 .the format bf Fig. 2 is actually stored in the waveform

memory 10. | :

In the example of Fig. 3, the sizef i.e., data

length, of the memory address of the memory 10 is fixed

at 16 bits per one address and each address is .accessed

15 by an address signal. Data for one sample point is not

stored in one address, but plural data of varjiable data

length are stored together as closely as possible in one

address. For example, hidden bif HBO accompanying the

waveform data for the sample point 0 is stored at the

20 LSB (least significant bit) of address A0, the waveform

d;ta for the sample point 0 is stored at 11 bits of

hiéher or upéér orders, hidden bit HBl agcompanying the

waveforA™ data for the sample point 1 is stored at a bit

. whiéhgis one bit higher, and 3:lowe§?order ﬁits of .the

25 waveform' data for the sample pojnt 1 are stored at 3

bits of higher qfder&.of the address A0.  The r;?gining

-\_
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8 higher order bits of the waveform data for the sample
point 1 are stored at 8 lower arder bits of the address
Al. In a similar manner, as shown in Fig. 3, waveform
data and hidden bits for the respective sample points

5 are stored closely togehter in the respective addresses.
In Fig. 3, numerals in the address areas represent
sample point numbers of the waveform data and shaded
portions represent areas where the hidden bits are
stored.

10 For storing data as closely as possible in the
memory in an efficient manner, one data is suitably
divided into plural portions and stored over plural
addresses.

Any coding system may be employed for waveform data

15 to be stored in the waveform memory 10. In the
embodimemnt of Fig. 1, waveform data compressed by the
linear prediction coding system (LPC) is stored in the
waveform memory 10. |

Waveform data to be stored in the waveform memory

20 10_ may be data for wavefarm of one period er data for

waveform of plural periods. As is well known, in a

case where data for waveform of one perfod is stored,

tone wazﬁ}orm data of plrual periods can be obtained by
repea?zdly reading oui-thé wavefornm ﬁgta of one peridd.

25 In a case where data of waveform of plural periods@ is

to be stored, data of full waveform from the staﬁf of
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sounding of a tone to the end thereof may be stored or,
alternatively, data of a full waveform of an attack
portion and data of waveform of plural periods of a
sustain portion may be stored. When the data of full
waveform from the start of sounding of a tone to the end
thereof is stored, waveforms of respective sample points
may be read out once sequentially from the start
address. When the data of full waveform of the attack
portion and the data of waveform of plural periods of
the sustain portion are stored, the data of the full

waveform of the attack portion may be read out once

I3

" sequentially from the start address and thereafter the

data of waveform of plural periods of the sustain
portion may be repeatedly read out. Since the above
described reading control system is well known, detailed
description thereof will be omitted herein. For
convenience of explana;ion, it is assumed that in the
embodiment of Fig. 1, a read address control circuit for
the former reading control system is illustrated.

Description of the entire construction

Referring to Fig. 1, a keyboard 11 has a plurality
of Kkeys for designating tone pitches of tones to be
generatéaﬁ A tone color selection operatér 12 has a
‘plurality of operators for desighatimg tone colors ‘of
tones to be generated. A microcémputer 13 detects

depression and release of keis and a toneﬁ%falor

i
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" are pritfuced on a time shared basis.,
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selection state by scanning the keyboard 11 and the tone
color selection operator 12 and performs an operation
for assigning key depression information to any of a
plurality (8 in this embodiment) of tone generation
channels. The microcomputer 13 produces, for each
channel, a key code KC representing a key which has been
assigned to one of the tone generation channels and a
key-on signal KON representing whether the assigned key
is still being depressed or has been released. The
microcomputer 13 produces also tone color number data TN
representing a selected tone color and touch data TD
representing key touch. The outputs of the
microcomputer 13 are supplied to a tone source circuit
through an interface 14. The interface 14 provides the
key codes KC and the key-on signals KON of keys which
have been assigned to the respective channels at a
predetermined channel time divisional timing and alsco
provides the tone color number data TN of the selected
data and the touch data TD. In the figure, in the tone
source circuit shown on the right side of the interface
14, various processing is performed for 8 channels on a
time shared basis in response to data prdvided from the

WA
interface' 14 and tone waveform signals for 8 channels

L

An F number generation circuit 15 generates, in

response to the key code K¢ supplied from the inéﬁf}ace

_—
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14, an F number fN which is a constant corresponding to
a tone pitch frequency of a tone to be generated. The F
number generation circuit 15 1is constructed, for
example, of a ROM or a table. This F number is
accumulated repeatedly by an accumulator 16 and a carry
signal from a suitably determined digit is provided as a
note clock pulse NCL. This note clock pulse NCL
corresponds to the tone pitch frequency of the tone to
be generated and designates increment of the sample
point at each pulse. This note clock pulse NCL, i.e.,
the sample point increment, constitutes a command given
to the waveform memory 10 for reading out data of one
sample point per one shot of pulse.

A _clock and timing signal generation circuit 17
generates' system clock pulses 91 and $2 and various
other timing signals TMS and supplies these signals to
the respective circuits and, in response to the key-on
signal KON supplied from the interface 14, also
forms and outputs key-on pulses KONP1 and KONPZ and a
key-off pulse KOFP. The system clock pulses ¢ 1 and¢ 2
are two-phase clocks and one period thereof corresponds
to a tiﬂf slot width of one channel. The key-on pulse

KONP1 is a pulse which rises to "1" only once at a time

mtieg W

—slot of a certain channel when the kefgon s:gnal KON has

risen from "0" to "1", 1i.e., at the start of depress1on

of the key. The key-on pulse KONP2 is a pulseﬁgﬁhlch
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rises to "1" only once at the time slot of the channel
in next time division channel cycle after the key-on
pulse KONP1 has risen to "1". The key-off pulse KOFP is
a pulse which, when the key-on signal KON has fallen
from "1" to "0", i.e., upon release of the key, rises to
#1® only once at the time slot of the particular
channel. These pulses are supplied to the respective
circuits for controlling processing which are
synchronized with the key-on and key-off.

A parameter data generation circuit 18 generates,
in response to the tone color number data TN, touch data
TD and the key code KC supplied from the interface 14,
various parameter data for determining the tone color of
the tone to be generated, performing a touch control and
key scaling. Examples of parameter data generated in
consideration of the selected tone color, Kkey touch and
key scaling are'envelope setting data EVD for setting
envelope, start address data SA for designating waveform
reading start adderss, initial data length data ILENG
for designating the data length of the first frame and
LPC coe;ficient data LPCP for demodulating waveform data
which has been compressed by the 1infar prediction

'u»’..“
coding system to PCM code data.

ey W

An envelope generator 19 forms aff outputs, based
on the key-on pulses KONP1 and KONP2, key-off pulse KOFP

and the envelope setting data EVD, envelope shaggfﬁata

cet Has Been Reﬁaced
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ED for the respective channels on a time shared basis.

A data takeout and reproduction section 20
performs, in response toc the note clock pulse NCL
supplied from the accumulator 16, the sample point
increment for identifying the sample point number of
data to be read from the waveform memory 10 and
jdentifies the address at which the data to be read out
is stored on the basis of the sample point number and
the data length of the data to be read out and thereby
generates an address signal CA. This address signal CA
is a_;elative address in a storage area storing waveform
data corresponding to one tone color. An address signal
CA. which is generated by adding the start address data
SA which is an absolute address to this relative address
signal CA by an adder 21 is converted to an absolute
;d4ress signal AD and this address signal AD is applied
to the address input of the waveform memory 10.

A read address control circuit 22 receives the
start address data SA generated by the parameter data
gegeration circuit 18 and supplies this start address
data SA to the adder 21. In a case where data of a full
waveform from the start of sounding of a tone to the end

.'_*:_s‘ :
thereof is stored in the waveform memory 10 and is read

‘out 651 once, the read address  cemtrol circuit 22

simply functions to supply the start address data SA to

%

the adder 21. In a case where data of a full wgg?%orm
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of an attack portion and data of waveform of plural
periods of a sustain portion are stored in the waveform
memory 10 and the data of the waveform of the attack
portion is read out énce sequentially from the start of
sounding of the tone to the end thereof and thereafter
the data of the waveform of plural periods of the
sustain portion is repeatedly read out, the read address
control circuit 22 performs a more complicated address
control. This address control however is.well known, so
that further description thereof will be omitted.

The waveform memory 10 provides, in response to
the applied address signal AD, data of 16 bits from one
memory address.

The data takeout and reproduction section 20
receives data RD of 16 bits which has been read from the
waveform memory 10 and provides necessary data for one
sample point of variable data length. In a case where
necessary data for one sample point is stored over
plural addresses, the data takeout and reproduction
section 20 connects necessary data among read out data
and provides the connected data.

The data takeout and reproductidn section 20

'S

1y N
further takes out data of "hidden bit" from among the

“data “5¥ 16 bits which has been read#from the waveform

memory 10 ‘and provides a set of data HBO to HB3 of 4
Q‘.

bits by connecting these data of hidden bits and th#reby
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exposes the data length designation data LENG which has
been stored as "hidden information" in the waveform
memory 10. By utilizing this data length designation
data LENG, data for one sample point of variable data
length is taken out of the data of 16 bits which has
been read from the waveform memory 10. In the first
frame, data of variable data length for one sample point
is taken out by utilizing the initial data length data
ILENG supplied from the parameter data generation
circuit 18.

" The waveform data for one sample point which has
been taken out in the above described manner is
data compressed according to the LPC coding system.
Therefore, the LPC coded waveform data which has been
taken out of the data takeout and reproduction section
20 is applied to a compressed data demodulation circuit
23 and demodulated thereby to normal PCM coded waveform
data WD. This waveform data WD is multiplied Dby
envelope shape data ED from the envelope generator 19,
so_that its tone volume amplitude level is controlled in
accordance with the envelope shape.

The reproduction and control of thé waveform data

.‘g'?a_\.‘
to the multiplier 24 is performed for the respective

-

g W

" channels on a time shéré& basis.—- The outpﬁt 'of the

multiplier 24 is accumulated by an accumulator 25
£

for the respective channels during one channeﬁgﬁ%ime
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division cycle whereby tone waveform data for all
channels is obtained. The output of the accumulator 25
is converted to an analog signal by a digital-to-analog
converter 26 and sounded acoustically through a sound
system 27.

Description of the data takeout and reproduction section

20 in detail

Fig. 4 is a block diagram showing an example of the
internal construction of the data takeout and
reproduction section 20. The note clock pulse NCL which
commands reading of data for each sample "~ point is
applied to a sample counter 30, a data length counter
32, an address counter 33, a data position reproduction
circuit 34, a hidden bit reproduction circuit 37 and a
data length register 38.

The sample counter 30 counts the note clock pulse
NCL and produces a sample number SN which designates the
number of a sample point to be reproduced by a relative
number within one frame. A specific example of the
sample counter 30 is shown in Fig. 5. The sample
counter 30 comprises an adder 40, an 8-stage 4-bit shift
register 41 and a gate 42 which gates the’ output of the

x.&.k. A
shift register 41. The output of the gate 42 is

"provided as the sample number SN. +rhis 4-bit sample

number SN identifies a relative sample number © - 15

%

within one frame. The gate 42 is closed by the i;f%ond
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key-on pulse KONP2 and otherwise is in an open state.
The reference characters "8D" in the block of the shift
register 41 denotes that the shift register 41 has 8
stages. The shift register 42 is shift-controlled by
the two phase system clock pulses ¢1 and ¢ 2 in
synchronism with the channel time division timing. The
other shift registers designated by the reference
characters 8D have also 8 stages and are shift-
controlled in the same manner.

According to this construction, the sample counter
30 is cleared once at the inital stage of Kkey depression
by the second key-on pulse KONP2 and thereafter counts
the note clock pulse NCL and thereby generates the
sample number SN designating the number of the sample
point to be reproduced by the relative number 0 - 15
within one frame.

The generated sample number SN is applied to a
hidden bit control signal generation circuit 31. This
circuit 31 recognizes the initial four sample points in
one frame to which the hidden bits HBO to HB3 are
assigned and also recognizes the last sample point in
the frame. A specific example of thfs hidden bit
control glgnal generation circuit 31 is shown in Fig. 5.

"The circuit 31 comprlses a NOR gate 45 to which MSB S3
and the second highest order bit S2 of the 4-bit sayple

number SN are applied and an AND gate 44 to whigpf all
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bits 83, S2, S1 and SO of the sample number SN are
applied. At the initial four sample points in one
frame, the MSB S3 and second highest order bit S2 of the
sample number SN are all "0" so that the output of the

5 NOR géte 43 is "1*" but otherwise the output of the NOR
gate 43 is MOv. The output of this NOR gate 43 is
supplied to the other circuits as a hidden bit control
signal HC1. When this signal HCL is "1", it represents
a sample point to which the one of the hidden bits HBO

10 to HB3 is assigned. At the sample point in the frame,
all bits of the sample number SN are "1" so that the
output of the AND gate 44 is turned to "1" and this
signal is supplied to the other circuits as a frame
¢change signal HC2.

15 The data length counter 32 is a counter of modulo
16 which receives the data length designation data LENG
provided by a data length register 38 and accumulates
this data at each timing of the note clock pulse NCL.
This modulc number 16 corresponds to the bit number 16

20 of“one address in the memory 10. Accordingly, the count
value of the data length counter 32 designates a border
of the data of variable data length n the memory
add{ess?&ﬁ

“k** specific exampie of the datastength counter 32

25 is shown in Fig. 6. The data 1length counter 32

*

comprises an adder 45, a selector 46 which rgﬁggves
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result of addition by the adder 45 at "1" input, an 8-
stage 4-bit shift register 47 which receives the output
of the selector 46 and stores it dynamically for each
channel in synchronism with the time division timing and
a gate 48 which gates the output of the shift register
47. The output of the gate 48 is applied to a "0" inputl
of the selector 46. The gate 48 is closed by the second
key-on pulse KONP2 but otherwise is in an open state.
The selector 46 selects and holds result of addition of
the adder 45 applied to the "1" input when the note
clock pulse NCL has been generated ( = "1") and selects
and holds a count applied to its "0" input when the note
clock pulse NCL has not been produced ( = "0"),
According to this construction, the data length
counter 32 is cleared once at the initial stage of key
depression by the second Key-on pulse KONP2 and
thereafter accumulates the data length designation data
LENG each time the note clock pulse NCL has Dbeen
produced. The data length designation data LENG
designates net data length of the waveform data portion
and does not designate data length including the hidden
bits HBO to HB3. For enabling actual data length to be

added at the sample po:nts 1nclud1ng the hidden bits HBO

ey W

.to HB3, the hidden bit control signaﬁ*HCI is applied to

25 a carry-in input Cin of the adder 45 so that 1 additlon
is added for a hidden bit. The count output of tggfdata
This Sheet Has Been R
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length counter 32 is provided from the gate 48 and this
is .supplied to other circuits as a pull out pointer
(takeout pointer) POP. This pull out pointer POP
designates a bit position in the memory address at which
LSB of the data for one sample point to be taken out is
stored.

In the case of Fig. 3, for example, the pull out
pointer POP of the first sample point 0 designates "O",
i.e., LSB 0 in the memory address, by clearing bdy the
key-on pulse KONP2. Upon arrival of a timing of the
next note clock pulse NCL, addition of 1 is made in the
adder 45 due to 11 of the data length data LENG and 1 of
the hidden bit control signal HCi1, so that the pull out
pointer POP becomes 12 and designates bit 12 in the
memory address. Upon arrival of a timing of the next
note clock pulse NCL, "1" is produced at a carry output
Cout of the adder 45 since 12 + 12 = 24 and result of
addition becomes 8. Bit 8 of the memory address
therefore is designated. In this manner, the pull out
pointer POP designates a bit position in the memory
address at which LSB of the data for one sample point is

stored. >

.’xh

LY

The signal of the carry output Cout of the adder 45

-

aciag »

T is ‘provided from the data length ®ounter 32 as an

address incrgment pulse ADINC.

%

F
The address counter 33 performs address %gdﬁting

//
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fof accessing the waveform memory 10 in response to the
address increment pulse ADINC and the note clock pulse
NCL and produces the address signal CA which is a
relative value of the read address. The address |is
counted up by 1 by using the address increment pulse
ADINC produced at the timing of the note clock pulse NCL
as an effective address increment pulse.

A specific example of the address counter 33 is
shown in Fig. 6. The address counter 33 comprises an 8-
stage 1-bit shift register 49 which delays the note
clock pulse NCL, an AND gate 50 which receives the
output of this shift register 49 and the address
increment pulse ADINC, an adder 51 which receives the
output of the AND gate 50 at one input thereof, a gate
52 whiéh gates a result of addition of the adder 51 and
an 8-stage 22-bit shift register 53 which receives the
output of the gate 52 and and stores it dynamically for
each channel in synchronism with the time division

timing. The output of the shift register 53 is applied

" to the adder 51 and added to the ouptut of the AND gate

50. The key-on pulses KONP1 and KONP2 are applied to
the NOR gate 54 and the gate 52 is controlled by the
output 5t 'the gate 654, .

ThHe" timing at which a carry oitpwt is produced from
the adder 45 in the data length counter 32 is delayed by

8 system clocks from the timing of the note clocé%filse
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NCL due to the delay in the shift register 47. For
synchronizing with this timing, the note clock pulse NCL
is delayed by 8 system clocks by the shift register 49.
Accordingly, when the address increment pulse ADINC has
been produced as a result of addition of the data length
designation data LENG at a timing of the note clock
pulse NCL, the ouptut of the AND gate 50 is turned to
B B and the address counter 33 counts up one address.
In the address counter 33, the output of the gate 52 is
provided as the address signal CA.

In the case of Fig. 3, for example, the address
signal CA initially designates "O", i.e., memory address
A0 by clearing by the key-on pulses KONP1 and KONP2 and
the data of 16 bits stored at this address A0 is read
out. Upon arrival of the next timing of the note clock
pulse NCL, the addition ouptut of the adder 45 of the
data 1length counter 32 becomes 12 as was described
before and this addition output is selected by the

selector 46 and applied to the shift register 47 and, 8

system clocks thereafter, POP = 12 is provided. At this

-

time, 12 is further added in the adder 45 and the carry
output Cout therefore becomes "1", * The address

incremeﬁyh pulse ADINC which is "1" and the note clock

-

pulse NCL which has beeh delayed by 8ssystem clocks dre

applied to the AND gate 50 thereby causing the address

&
counter 33 to count up. The address signal CA théggfore
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designates "1", i.e., the memory address Al and the data
of 16 bits stored at this address is read out. On the
other hand, the output of the adder 45 is not selected
by the selector 46, so that the output POP of the data
length counter 32 maintains 12.

As will be readily understood, as regards the data
of the sample number 1 stored over the two addresses A0
and Al, the pull out pointer POP designates the bit 12
at the address A0 at which the LSB of the data ‘is
stored and the address signal CA which is the output of
the address counter 33 designates the next address Al.
In other words, the address signal CA precedes the pull
ouf pointer POP by 1 address. This is because, as will
be described later, the data position reproduction
circuit 34 temporarily holds data of the preceding
address which has been read from the waveform memory 10
in order to reproduce data for one sample point stored
over two addresses and the pull out pointer POP
designates LSB of the data to be taken out to the
tepporarily held data read from the preceding address.

The data position reproduction circuit 34 receives
data BD of 16 bits read which has been read from the

waveform memory 10 and performs (a) a function of

4y W

'reproducing data for one sample ioiﬁ¥ stored over fwo

addresses after assembling it to a set of data and (?) a

function of executing a pretreatment for takigﬁfiout

_ —
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a necessary portion only of the data for one sample
point of variable data length from among data of 16 bits
by executing a processing for aligning the bit position
of the data to LSB of the data of variable d#ta length.
5 A specific example of the data position
reproduction circuit 34, as shown in Fig. 7, comprises a
shifter 55 of 32-bit parallel input and 16-bit parallel
output type. To upper 16 bit inputs of the shifter 55
are directly applied the data RD of 16 bits which bhas
10 been read from the waveform memory 10. This read out
data RD is applied to a "0" input of a selector 56. The
output of the selector 56 is applied to an 8-stage 16-
bit shift register 57 and the output of the shift
register 57 is applied to a "1" input of the selector 56
15 and also to lower 16 bit inputs of the shifter 55. The
note clock pulse NCL and the key-on pulse KONP1 are
applied to a NOR gate 58 and, when the output signal of
the NOR gate 58 is "0", the "0" input of the selector 56
is selected and, when the ocutput signal of the NOR gate

20 58 is "1", the "1" input is selected.

..&_L.
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To a control input of the shifter 55 is applied the
pull out pointer POP from the data length counter of
Fig. 6. This pull out pointer POP designates a bit
which corresponds to the LSB of the data to be taken aout
as 16 bit parallel output data from 32 bit parallel
input data in the shifter 55. When, for example, POP is
0, the LSB of the 32 bit parallel input data is
determined as the LSB of the 16 bit parallel output data
and 16 bit data including this bit and higher bits is
taken out. When POP is 1, the next bit to the LSB of
the 32 bit parallel input data is determined as the LSB
of the 16 bit parallel output data and 16 bit including
this bit and higher bits is taken out. When POP is 12,
the thirteenth bit from the LSB of the 32 parallel! input
data is determined as the LSB of the 16 bit parallel
output data and 16 bit data including this bdit and
higher bits is taken out.

In the 32 bit parallel input of the shifter 55, 16
high order bits are the data RD which is currently read
ouf and 16 low order bits which are supplied from the
shift register 57 are data which have been read from the
immediat::y preceding address. Data which have been

read from the two addresses are loaded side by side in

wiag. W

'the shifter 55 and, in a case whe}e.&gta for oné samﬁle

point is stored in two addresses, necessary data for ,one

sample point can be taken out of 32 bit parallel g;fa of
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the two addresses stored in the shifter 55.

Since the pull out pointer POP designates LSB of
data of variable data length, a processing for aligning
the bit position of data to the LSB of the data of
variable data length can be performed by designating, by
the pull out pointer POP, the input bit position of data
to be taken out as LSB of 16 bit parallel output data.
By this method, a pretreatment for taking out a
necessary portion only of data of variable data length
for one sample point from 16 bit data can be.realized.

Referring to Fig. 3, for example, the address
signal CA becomes "O0" by clearing the address counter 33
of Fig. 6 when the first key-on pulse KONP1 has been
produced and data is thereby read from the address AQ.
The selector 6566 selects data RD read from the address A0
in response to the output "0" of the NOR gate 58 and the
selected data RD is loaded in the shift register 57. In
the next cycle, the selector 56 selects the output of
the shift register 57 in response to the output "1" of
the NOR gate 58 and storage of the read out data RD from
the address A0 is held. The pull out pointer POP at
this time is "0" so that 16 low order bifs of the input

'u&'ﬁ
data in the shifter 55, i.e., the read out data from the

"address A0 held in the shift registef”57, is directly

selected and taken out. This data includes the data¥for

the sample point O in its 12 low order bits. Ini§§1her
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wards, the data for the sample point 0 to be taken out
first 1is taken out in its entirety with its LSB being
aligned with the LSB of the 16 bit output. This
arrangement is schematically illustrated in Fig. 10a.
Then, upon generation of the note clock pulse NCL,
the pull out pointer POP becomes "12" upon lapse of 8
system clocks thereafter as described above and the
address signal CA changes to address Al (see Fig. 6).
Since, however, the note clcok pulse NCL applied to the
NOR gate 58 has not been delayed, the address signal CA
has not changed when the output of the NOR gate 58 turns
to "0" by this note clock pulse NCL and, therefore, the
read out data RD from the address A0 is selected by the
selector 56 and stored in the shift register 57.
Accordingly, when the read address of the waveform
memory 10 has changed to Al 8 system clocks thereafter
and the read out data RD from the address Al is applied
to 16 high order bits of the shifter 55, preceding read
cut data from the address A0 is supplied from the shift
register 57 to 16 low order bitis. In this manner, read
out data from two consecutive addresses are arranged in
paraliel in the input of the shifter 55. > At this time,

the pulI‘ out pointer POP is "12" designating the LSB

" positidn of the data for the séﬁbl@fpoint ‘1 at the

preceding address A0Q. Therefore, data of 16 bits with
its LSB corresponding to the LSB of the data %ggf the

This Sheet Has Been Reﬂ
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sample point 1 is taken out of the shifter &5. This
data includes the data for the sample point 1 in its
entirety in 12 low bits. In this manner, the data for
the sample point 1 stored separately at two addresses
are provided as a set of data with its LSb being aligned
with the LSB of the 16 bit output. This arrangement is
schematically shown in Fig. 10b.

Thus, 16-bit data D1 in which the object data to be
taken out and having variable data length is arranged in
the order of its bit positions sequentially from LSB is
provided by'the shifter 55. Since this 16-bit data D1
may contain unnecessary data on its higher bit side, the
object data for one sample point of variable data length
only has not been taken out yet. For taking out this
data only, further processing is required.

Reverting to Fig. 4, the data D1 produced from the
shifter 5§55 of the data position reproduction circuit 34
is applied to a data adjustment circuit 36 through a
hidden bit separation circuit 35. The hidden bit
segaration circuit 35 separates the hidden bits HBO to
HB3 when the data D1 contains them and takes out net
waveform data only and supplies this net waveform data

« AN
as data’D2 to the data adjustment circuit 36. The data

"adjustiteht circuit 36 is provided fer taking out the

ocbject data for one sample point having variable data

length only from the data D2. A 1-bit potentialﬁggﬁden

-

A



10

15

20

25

-3 2~

bit signal HB (this is a signal which has possibility of
being one of the hidden bits HBO to HB1) which has been
separated by the hidden bit separation circuit 35 is
applied to a hidden bit'reprOduction circuit 37. Ths
hidden bit reproduction circuit 37 reproduces, in
response to the potential hidden bit signal HB supplied
from the hidden bit separation circuit 37, a set of 4-
bit hidden bits HBO to HB3 and thereby exposes the 4-bit
hidden information HD which has been stored separately
in the form of the hidden bits HBO to HB3. As described
above, in this embodiment, data 1length designation
information for the next frame is stored as the hidden
information HD. The reproduced hidden information HD,
i.e., data length designation information for the next
frame, is supplied to a data length register 38.

A specific example each of the hidden bit
separ#tion circuit 35 and the data adjustment circuit 36
is shown in Fig. 9.

In this embodiment, data length, i.e., size, of net
wayeform data is variable data length in the range of 2
bits to 15 bits. Accordingly, maximum data length of
effectiv:L data is 16 bits when it includes a hidden bit

and , 15 bits when it does not include a hidden bit.

wles W

'Therefore, the maximum data length of’ihe effect:ve data

of the data D1 which may include & hidden bit is 16 b1ts

and, for this reason, this data D1 is taken outﬁpﬁ 16

cet Has Been Replaced
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bit data. The maximum data length of the effective data
of the data D2 after separation of the hidden bit is 15
bits.

In Fig. 8, the hidden bit separation circuit 35 is
made of a selector 59 to which lower 15 bits of the data
D1 are applied to its "O0" input and upper 15 bits are
applied to its "1" input. The selector 59 receives the
above described hidden bit control signal HCl (see Fig.
5) at its selection control input and selects "1" input
when HC1 is "1"” and selects "0" input when HCl is ™O".
When, therefore, data for the first four sample points
in the frame including the hidden bits HB1 to HB3 is to
be taken out, the upper 15 bits of the data Dl are
selected by "1* of HC1l and one of the hidden bits HBO to
HB3 located at the least significant one bit is
excluded. The 15-bit data is sufficient for securing
effective bits of the above described net waveform data.
When, on the other hand, data for a sample point which
does not include the hidden bits HBO to HB3 is to be
taken oui, lower 15 bits of the data D1 are selected by
*0" of HCL. This 15-bit data also is sufficient for
securing effective data of the above ’described net
waves orm da ta.

Tie 15-bit net waveform data D2#%which has excluded
the hidden bit is applied to the data adjustment cirfuif

36. As was described previousl#, this data %%f'may

i
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contain not only the object wavéform data for one sample
point but also waveform data for next sample point,

If the object waveform data for one sample point is
taken out with its data length remaining variable in
taking this data only from the data D2, inconvenience
will arise in subsequent data processing. The data
adjustment circuit 36 therefore adjusts the taken out
data to the data size of 15-bit fixed data length. For
this purpose, the data adjustment circuit 36 takes out
the object waveform data for one sample point from the
data D2 first and, when the taken out waveform data for
one sample point does not satisfy the data size of 15-
bit fixed data Iength, executes processing for expanding
the sign bit to all empty high order bits and thereby
adjusts the size of the entire data to the fixed data
length of 15 bits while taking out the object waveform
for one sample point only.

In the data adjustment circuit 36 of Fig. 8, the
data D2 is applied to a sign bit takeout circuit 60 for
taking out a sign bit SB. .The data length designation
data LENG is decoded by a decoder 61 and one output line
corresponding to MSB of the data of variable data length

W,

in 15 output lines of the decoder 61 becomes a signal

“ries ¥ C -

' nie, By this ouptut of fhe decod@r #1, the éosition~of

the sign bit SB to be taken out in the sign bit takeout
circuit 60 is designated. When, for example, %gérdata
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length is 10 bits, the tenth bit of the data D2 is the
MSB of the data of variable data length, i.e., the sign
bit. This signal is taken out in respones to "1" of the
tenth output line Qf the decoder 61.

In the data adjusting circuit 36 in Fig., 8, a bit-
by-bit independent selector 62 selects the object
waveform data for one sample point only and excludes a
part of data for other sample point to expand the sign
bit SB instead of it. Since the data of LSB 0 in 14 low
order bits of the data D2 (the MSB may be excluded
because the MSB cannot be any other bit than the sign
bit and this sign bit can be identified by an output of
a sign bit takeout circuit 60) is always data of the
object waveform data for one sample point, this data is
not applied to the selector 62 but may be applied
directly to an output register 63. Data of the other
bits excluding the LSB of the 14 low order bits of the
data D2 are applied to bit-by-bit A inputs 1A to 13A of
the selector 62. A signal representing the sign bit SB
prgvided by the sign bit takeout circuit 60 is applied
commonly to bit-by-bit inputs 1B to 13B of the selector
62. The bit-by-bit selection control in the selector 62

W : o . .
is achieved by signals supplied on 13 signal lines from

-

"a sel®tt signal generation circiiits64. The select

signal generation circuit 64 provides, in response to

*

the output signal of the decoder 61, a selection qj%rol

5

|
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signal "1" in correspondence to all of higer order bits
from the bit position of the sign bit SB.

Assume, for example, that the sign bit SB is the
bit 1 which is the second lowest bit in the data D2. In
this case, signals on the 13 signal lines of the select
signal generation circuit 64 become "1" and the bit-by-
bit 1independent selector 62 select the sign bit SB of
the B-inputs 1B to 13B at all of the bits. In a case
where the sign bit SB is the bit 2 which is the third
lowest bit in the data D2, a signal on one 1low order
signal line of the select signal generation circuit 64
becomes "0" and signals on the 12 high order signal
lines become "1" and the bit-by-bit independent selector
62 selects the waveform data of the A input 1A at the
bit 1 and the sign bit SB of tﬁe B inputs 2B to 13B at
the bits 2 to 13, In a case where the sign bit is the
bit 3 which is the fourth lowest bit in the data D2,
signals on two low order signal lines of the select
signal generation circuit 64 become "0" and signals on
11 high order signal lines become "1" and the bit-by-~bit
independent selector 62 selects waveform data of the A
inputs 1A and 2A at the bits 1 and 2 an® selects the

'-ri"-“t . ]
sign bit SB of the B inputs 3B to 13B at the bits 3 to

13, “Similarly, as the bosition'bfgéhe sign bit SB is

shifted, the mode o¢f Dbit-by-bit selection is also

shifted and, as a result, the object waveform dgéj?for

I
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one sample point is selectively taken out and data of
other sample point is excluded to expand the sign bit SB
instead of it.

The 15-bit data consisting of the LSB of the data
D2, the 13-bit output data of the selector 62 and the
sign bit SB which has been taken out of the sign bit
takeout circuit 60 is applied to the output register 63
and is loaded therein at a timing of rising of the
system clock pulse ¢2, This timing of rising of the
system clock pulse ¢2 occurs within one time slot of
the time division channel timing, so that the loading of
the data is made when the data in the time division
channel timing has sufficiently risen. The ouptut of
this output register 63 is provided as waveform data CWD
for one sample point which has been taken out.

The hidden bit reproduction circuit 37 in Fig. 9
includes an AND gate 66 which receives a signal obtained
by delaying the note clock pulse NCL by an 8-stage 1-bit
shift register 65 and the hidden bit control signal HC1,
an_ OR gate 67 which receives the second key-on pulse
KONP2 and the output of the AND gate 66, a selector 68
which is controlled by the output the OR gate 67 and an

A
8-stage 4-bit shift register 69 which receives the

“cilag W

‘output ~of the selector 68. The oupffut of the shift

register 69 is applied directly to a "0" input of the
kl.

selector 68. To the MSB of 4 bits of "1" input ggf’the
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selector 68 is applied a signal of the LSB of the data
D1, 1i.e., the potential hidden bit signal HB. To the
remaining 3 low order bits of the 4 bits of the "1"
input of the selector 68 is applied data obtained by
shifting the output of the shift register 69 by one bit
to the lower order bit side.

According to this construction, when the second
key-on pulse KONP2 has become “"1", the "1" input of the
selector 68 is selected in response to the ouptut "1" of
the OR gate 67. As the data D1, data for the sample
point O which has been read out from the address A0 by
address clearing by the first key-on pulse KONP1 which
was produced one cycle before is provided while the
hidden bit HBO stored with respect to the sample point O
is provided as the potential hidden bit HB. Since the
output of the shift register 69 may take any value
initially, explanation will be made by designating this
output by x (x may be either 0 or 1). By the above
arrangement, 4-~bit data having contents of HBO, x, x, X
(in the order from the MSB is loaded in the shift
register 69 through the "1" input of the selector 68.
In the next cycle, the output of the OR gate 67 becomes

»

"0”, so that the data HBO, X, X, X loaded in the shift

‘regisier 69 is held by the shift regisfer 69 through the

*0" input of the selector 68.

T

Then, when the note clock pules NCL ha%égﬁeen
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produced and data for the sample point 1 has been given
as the data D1, the output of the AND gate 66 is turned
to "1" due to HC1 which is *"1" and the delay output "1"
of the note clock pulse NCL (since the delay by the
shift register 65 is synchronized with HCl, see Fig. 5)
and, as a result, the output of the OR gate 67 is turned
to "1" and the "1" input of the selector 68 is thereby
selected. At this time, the hidden bit HB1 which.has
been stored with respect to the sample point 1 is
provided as the potential hidden bit HB, the 4-bit data
of HB1, HBO, %X, x (in the order from the MSB), is loaded
in the shift register 69 through the "1" input of the

selector 68. In the next cycle, the ocutput of the OR

‘gate 67 becomes "0" and the data HBl, HBO, x, x which

has been lpoaded in the shift register 69 is held therein
through the "0" input of the selector 68,

Then, when the next note clock pulse NCL has been
produced and the data for the sample point 2. has been
provided as the data D1, the hidden bit HB2 which has
been stored with respect to the sample point 2 is
provided as the potential hidden bit signal HB, so that
the data HB2, HBl1, HBO, x is loaded afd held in the

WA
shxft register 69 in the same manner as described above,

wrlag W

When the next note clock pu@%e NCL ‘- has been

produced and the data for the sample point 3 has been

provided as the data D1, the hidden bit HB3 whx# has
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been stored with respect to the sample point 3 is
provided as the potential hidden bit HB and the data
HB3, HB2, HBl1, HBO is loaded and held in the shift
regster 69 in the séme manner as described above.

Thereafter, in this particular frame, the data
HB3, HB2, HB1, HBO is held in the shift register 69 even
when the note clock pulse NCL has been produced, since
the hidden bit control signal HCl is "0" so that the
output of the AND gate 66 does not become “"1".

Thus, the 4-bit hidden bits HBa, HB1, HBO are
reproduced and held in the shift register 69. These
hidden bits are supplied to the data length register 38
as the hidden information HD designating data length of
the next frame.

Referring to Fig. 9, the data length register 38
includes an 8-stage 4-bit shift register 70 and a
selector 71. To a "10" input of the the selector 71 is
applied the initial data length data ILENG and to a *01"
input of the selector 71 is applied the above described
higden information, 1i.e., data designating the data
length of the next frame, Further, to a "00" input of
the selector 71 is applied the output *of the shift

AN
regxster ‘70. To high order bits of a 2-bit control

" input™™df the selector 71 is appliedsthe first key-on

pulse KONPl and to low order bits of this control input

is applied the output of the AND gate 72. To %gg? AND
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gate 72 are applied a frame change signal HCZ from the
AND gate 44 in Fig. 5 and the note clock pulse NCL.

According to this construction, when the Kkey-on
pulse KONPl is "1", the selector 71 selects the initial
data length data ILENG of the "10" input and loads it in
the shift register 76. In the next cycle, the selector
71 selects the "00" input and holds the 1loaded data
ILENG. The output of the shift register 70 is provided
as the data length designation data LENG to the
respective circuits as described previously. In the
first frame, therefore, the initial data length data
ILENG produced by the parameter data generation <circuit
18 is used as the data length designation data LENG.

In this frame 0, as described above, the hidden
information HD designating data length of the next frame
is supplied to the selector 71.

Then, upon changing of the frame, the output of the
AND gate 72 is turned to "1" and the selector 71 selects
the hidden information HD at the "01" input and loads it
in the shift register 70. In the next cycle, the
selector 71 selects the "00" input and holds the loaded
data HD. In this manner, in the second’and subsequent

'-"’_"A
fra@es, the hidden information HD designating the data

‘lengiﬁfﬁﬁich has been stored as hidde# information with

the waveform data of the preceding frame is used as the

. -
data length designation data LENG. ﬁff
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Instead of generating the second key-on pulse KONP2
from the first circuit 17, the seocnd key-on pulse KONP2
may be generated by delaying the first Kkey-on pulse
KONP1 by 8 system clock pulses by the 8-stage 1-bit
shift register 73 in Fig. 9.

An example of the compressed data demodulation circuit

In a case where the waveform data CWD which has
been taken out and reproduced by the data takeout and
reproduction circuit 20 is compressed by the linear
prediction coding system (LPC), the compressed data
demodulation circuit 23 shown in Fig. 1 employs an LPC
demodulation circuit. In this case, the compressed data
demodulation circuit 23 can be constructed of an LPC
demodulation circuit as shown in Fig. 11 or 12. 1In the
figures, reference characters 78 and 79 designate
limiters, 80 to 84 adders, 85 to 92 multipliers, 83 te
100 8-stage shift registers and a0, al, b0, bl, a0 to a3
LPC coefficients, respectively. Fig. 11 shows an
example of an LPC demodulation circuit of two stages and
Fig. 12 shows an example of an LPC demodulation circuit
of one stage.

The method of storing and reading data in and from

‘o &&t

the‘ memory according to the invention 1is preferable

wrileg W

‘because it enhances saving of the* memory capacity

further when it is used in combination with such data

compression technique. In this case, thedgfaata
Py
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compression method is not limited to the LPC system but
any other system such as DPCM, ADCP and delta modulation
may be employed. Further, the present invention can be
of course applied to a case where the data compression
technique is not employed.

Other embodiments

In the above described embodiment, the present
invention 1is applied to generation of tone waveform
data. The present invention can also be applied to
generation of various data in an electronic musical
instrument such as generation of envelope shape data for
determining the tone volume level, generation of
envelope shape data for performing wvarious controls,
generation of filter coefficient data, generation of
other +tone color setting data and generation of after-
touch data and press data of a sequencer.

In the above described embodiment, it is necessary
in the data takeout and reproduction section 20 to
perform multi-stage processing stages including sample
counting, data length counting, address counting, data
position reproduction and hidden bit reproduction and
these multi-stage processing stages are performed at a

AN
timgng of one sample. For this requirement, time for

wilan W

" one sample may have'io -be suf%icﬂ%ntly fong. For

solving this problem, processing over plural samp}ing

timings in the same channel timing may be advantag;ﬁhs}y

—
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executed by a pipe line processing method whereby time
for one sample can be shortened and the data reading
speed can be increased.

In the above described embodiment, there are three
aspects of the invention, namely, (1) the aspect of the
invention according to which desired plural data of
variable data length are stored and one of the plural
data is accurately taken out, (2) the aspect of the
inventioa according to which single data is stored over
plural addresses and read out data are connected
together to accurately reproduce the single data, and
(3) data for single information is divided into plural
data and the divided plural data are stored between
other data in dispersed form as hidden information and
this hidden information is accurately reproduced from
among read out data, and these three aspects of the
invention are combined together in this embodiment.
Howver, even 1if one of these aspecits is carried out
singly, the benefit of efficient utilization of the data
memory device resulting in achievement of a more compact
circuit design and reduction in the manufacturing cost
will be obtained. The invention, therefore, need not

W
necessariiy be <c¢arried out in the form in which these

-

" three ™“4dspects are combined together but each of thése

aspects of the invention may be carried out alone.

2
)

In the case of carrying out the aspect (1) gégfthe
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invention, the data length designation data need not be
stored 1in the form of hidden bits but may be stored in
the same manner as ordinary data. In that case, the
memory storing the data length designation data may bDe
the same memory storing proper data (a part of the
storage area of this memory is utilized) or a different
memory. For example, the data length designation data
mey be stored in a cash memory in a tone source circuit.
The data length designation data may also be stored in a
compressed form. Instead of storing data length in a
memory, data length may be designated by other suitable
desingation means. In the above desérihed embodiment,
data length is designated frame by frame. Alternatively,
data length may be for each individual data. The length-
of frames need not be constant but may be different from
one another. In that case, data designating the length
of a frame to which a particular data length is applied
may be stored or designated together with the data
length designation data. The data length designation
data need not be 4 bits but may be other suitable bits.
In carrying out the aspect (2) of the invention,
data length need not be variable but may Be fixed. Such

'.R?l.\\
fixgd data length 1is advantageous in a case, for

ey W

" example, where the fixed data bit number for one sample

exceeds the bit number of one address. In that case,

data must be stored over plural addresses fog%féach

e

heet Has Been Repllaced

T



-46-

address. When the fixed data bit number for one sample
point is smaller than the bit number of one address, the
capability of storing the data over plural addresses
is advantageous in that the data can be stored as
closely as possible. In that case, data will be stored
over plural addresses at a freguency of once per several
samples. The number of addresses over which data for
one sample is stored need not be 2 but may be 3 or more.
The hidden bit or data length designation data is not
always necessary. The manner of reading data from
plural addresses over which data for one sample is
stored is not limited to that of the above described
embodiment according to which data is sequentially read
out address by address and read out data of preceding

- address is temporarily stored in a buffer, but data of
plural addresses may be read out on a time shared basis
at the same sample timing.

In carrying out the aspect (3) of the invention,
contents of hidden information stored by hidden bits are
not limited to the information designating data length
as in the above described embodiment but may be any type
of information. Contents of hidden information may be
either ;;:Iated or not related to proper data to be

"stored.'” For example, data of the PEM system may be
stored as proper data to be stored in floating—pgint

representation and its exponential section data g&i’ be
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stored by means of hidden bits. Alternatively,
compressed data may be stored as proper data to be
stored and data relating to data compression may be
stored by means of hidden Dbits. Further, filter
coefficients of a digital filter and other parameters
may be stored by means of hidden bits. Control data
relating to tone volume or control data relating to
pitch may also be stored by means of hidden bits. A
unit of hidden information is not limited to one bit in
a dispersed position but hidden information may be
stored in a dispersed form by plural Bits as a unit or
different numbers of bits may be used as a unit of
hidden information such as one bit at one address and
two bits at another address. A hidden bit may be
ununiformly stored such that it exists at one address
and does not exist at another address. A hidden bit may
also be stored regularly every certain number of
addresses or may be stored regularly throughout all
addresses. Proper data to be stored is not limited to
data of variable data length as used in the above
described embodiment but may be data of fixed data
length. The bit number of hidden information is not
nmited":&hi 4 bits.

The present invention can be appfied not only to a
completed electronic musical instrument but also to a

moduled part of an electronic musical 1nstrument£?f The
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invention can also be applied to a device which has no
keyboard or switch means for selecting a tone but
generates a tone by inputting code information. The
invention can also be applied to a device which has no
tone signal generation unit or a loudspeaker for
acoustically sounding a tone but generates data relating
to forming or controlling of a tone signal. Thus, it
will be ©understood that the term "electronic musical
instrument” covers a broad range of devices.

As described 1in the foregoing, according to the
invention, data length of data to be stored in a memory
is not fixed but made variable as desired, so that
storage cells of the number necessary for effective bits
of the data only are occupied and unnecessary storage
cells is not occupied. Accordingly, empty storage cells
can be utilized for storing other data without being
wastefully occupied, which will contribute to efficient
use of a memory. Further, since data length of data to
be taken out of a memory is designated, cbject data only
canp be selectively taken out of the memory in accordance
with the designated data length, so that necessary
object data only can be taken out without:ﬁqy problem in

WA
spite of the fact that the data has variable data lenth.

-

K3

-
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Claims

1. A data generation device for an electronic musical
instrument comprising:

memory means for " storing plural data having a

5 desired variable data length;

data length designation means for designating data
length of data to be read from the memory means; and

takeout means for selectively taking out necessary
data from the memory means in accordance with the

10 designated data length.

2., A data generation device as defined in claim 1
wherein
said memory means has a plurality of memory
addresses of fixed data length, the data having desired
15 . variable data length is stored at the memory addresses,
and each of the memory addresses is accessed by an
address signal; and
said takeout means comprises address generation
means for generating the address signal, in response to.
20 a data readout command, by determining an address for
reading necessary data from said memory means in

L4 -“&L‘

acco;dance with the designated data length, data stored
. 2Ty W .. - - N - ’ -

in said memory means being read out*from said memory
means by the generated address signal, and data

25 adjustment means for taking out data of a bit é@ﬁ&ber
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corresponding to the designated data length from output
data of said memory means which has been read out by the

address signal.

3. A data generation device as defined in claim 2
wherein said data adjustment means adds, when the bit
number of the data which has been taken out is less than
a predetermined reference bit number, data bit or bits
which are deficient for the reference bit number and
thereby ultimately takes out data having fixed data

length corresponding to the reference bit number.

4. A data generation device as defined in claim 1
wherein the data length of data to be stored in said
memory means is such that a common data length is used
for plural data belonging to the same data group among
plural data groups and said data length designation
means designates data length for each of the data

groups.

5. A tone generation device as defined in claim 1

whé&rein said data length designation means stores

information designating data length of data stored in
>

said memgry means, reads out the information designating

data length of certain data prior to taking out the data

-
from said memory means, and thereby designates data

length of the data in taking out the data from gaid

e
memory means. ﬁﬁf
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6. A data generation device as defined in c¢laim 5
wherein the information designating the data length is

stored in a part of storage area of said memory means.

7. A data generation device as defined in <c¢laim 5
wherein the information designating the data length is
stored in a memory circuit other than said memory

means.

8., A data generation device as defined in claim 1
wherein data to be stored in said memory means is tone

“*

waveform data.

9. A .data generation device as defined in claim 1
wherg&n.'data to be stored in said memory means is

envelope shape data.

10. A data generation device as defined in claim 1
wherein data to be stored in said memory means is
parameter data for controlling a tone to be generated by

a tone generating system.

-~

11, A dhta generation device for an electronic musical
. >

instrumggg comprising:

‘- memory means for storing single d?ta of a desired
bit number over plural addresses wifﬁ a deéired bit
‘position in one address being used as a head pOS1t10n,

proint out means for pointing out the pos1t£§§ of
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MSB or LSB of the data to be taken out of the data over
the plural addresses; and

takeout means for taking out the single data from
the data over the plural addresses in response to the
position which has been pointed out by said point out

means.

12. A data generation device as defined in claim 11
wherein the bit number of said data is larger than the

bit number of -one address of said memory means.

13. A data generation device as defined in c¢claim 11
wherein the bit number of said data is smaller than the

bit number of one address of said memory means.

14, A :data generation device as defined in claim 11
wherein said takeout means adds, when the bit number of
the data of the desired bit number which has been taken
out by said takeout means is less than a predetermined
reference bit number, deficient data bits to enable data
of fixed data length having the reference bit number to

be ultimately produced.

>

15. A . adata generation device as defined in claim 11

_whefeLg.,said takeout means includes reading means for
£

0"
i

reading out all bits of plural addreéses over which said
single data stored, wherein said takeout means arranges

the 811 bits serially and takes out necessary segight of
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bits in response to the position pointed ocut by said

point out means.

16. A data generation device as defined in claim 11
wherein said memory means stores plural data having a
desired variable data length, vherein the data
generation device further comprises data length
designation means for designating data length of data to

be taken out from the memory means.

17. A data generation device as defined in claim 16
wherein said memory meaﬁs stores other data bits
representing data 1length to be taken out, said other
data bits are separately stored one another, wherein the
data generation device further comprises combining means
for combining said other data bits, wherein said
designation means designates data length based on said

combined data bits.

18. A data generation device for an electronic musical
iqftrument comprising:
memory means for storing first data and second data
migedly. said second data consisting of Plural bits and
being divided into plural sections, each of the sections

-

reading means for reading out the data stored in

%

said memory means address by address; ﬁgf

i
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data separation means for separating the section of
the first data and the section of the second data from
the data which has been read out by said reading means;
and

reproduction means for reproducing completed second
data by assembling respective sections of the second
data which has been separated by said data separation

means.

19. A data generation device as defined in claim 18
wherein a portion of the separated second data consists

of one bit.

20. A data generation device as defined in claim 18
wherein a portion of the separated second data consists

of plural bits.

A
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