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This invention relates to a data generation device for an el ectroni ¢ ™*
musi'cal instrunment and, nore particu- lary, to a data generation de%igqﬁ',a
whi.ch cnmbg ;f%%éﬂn reat--Rg—fof exanpl e, waveform data, envel 6
data, t c% or | 5 Fg [ [

, col.or pard dat nd dt her various paraneter data and in
whi ch t ﬂ?hhéﬁ"bfpgf%rrngﬁaﬁﬁdwéédiQg:put data is inproved and an
ef ficiefff itz atiRscdbi¥atentesdnBtony 1s thereby realized. The prior art
concept PP &y) zi g -hneftd pagednfr.utfi | i - zation of a data nenory was to
adopt ajldoMistiastsed rdatth-Fepr pgedt.ati.gn systeminstead of a normal PCM
syst em g3ATE r@prREERIPat..on. form of data stored in the data memory. U S

Patent No. 4,916,996, T0r exanpte;
Data Generation Device for an Electronic Musical

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.

*In the prior art data storage device employing data

T
4
compression as well as the conventional data storage

device for the PCM system data, data is stored at gach

memory address at one to one relation and data lsingth
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di scl oses storage of tone waveform data which is corn- pressed by

enpl oynent of the linear prediction coding system (LPC). U S. Patent No.
4,809,577 al so di scl oses waveform data conpression technique. In the prior
art data storage device enploying data conpression as well as the
conventional data storage device for the PCM system data, data is stored at
each nenory address at one to one rel &#on and data | ength (data size,

i.e., the bit nunber constituting single data) of data stored therein is
fixed to a certain nunber. For exanple, it is normal for single data having
data length of 16 bits to be stored in an address of 16 bits. As a speci al

usage of “a meppLy, op 2gdreps.Of 1upigp

t! Suflbér 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

s 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

10 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,

15 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.

20 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,

25 therefore, prevents realization of a compact cirfuit

&

design and reduction of manufacturing cost.
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vi ded, for exanple, into two sections each having 8 bits and different

8-bit data ar

e stored respectively in these nenory sections. Even in this
case, however
- EP-A-0 258 798 descri bes an apparatus for gener- ating tones by use of a
wavef orm nmenory. The wave- form menor\y
each of which stores data of N bits. Anplitude data of Mbits, where M

each data to be stored has fixed data |l ength of 8 bits.

denotes as [err] of two sanpling

10

15

20

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
designated 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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points are prestored in three storing areas.

Upon ad- dress signals the

data stored in each storing area are sequently read out fromthe waveform

menory. The am plitude data of two sanpling points are reproduced by use
In the prior art devices in which data is stored

storage cells of a nenory are wasted when used for
er than the fixed data | ength.

of three storing areas.
with fixed data | ength,
dat a whose effective bit nunber is small

a case where,

maxi mrum anpl i t ude val ue nay be covered with fixed data |ength of 16 bits,

for exam ple, tone waveformdata is stored so that its

L
orage cells are

In

there occurs a c?se where the r of ef- fectlye bits on| 2 gé{s or

3 bits at a sa%B

10

15

20
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b4 Bsfn?cgyplegugg unnecessary s
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
circuit, and a takeout circuit for tzking- out, in

W,

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 gata

over the plural addresses which has been read ﬁﬁg’the

I

LT
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whi ch tHe anplitude value is relatively small. In such a case, storage

cell's of 13 bits or

entire menory. This constitutes a factor which prevents efficient
utilization of a nenory and, therefore_sprevents realization of a conpact

circuit de-

sign and reduction of manufacturing cost. It is, therefore,

object of the invention to provide a data generation device for an

el ectronic nmusical in- strunent capable of reducing the nunber of wasted

storage cells poghiderepyckeal i zing efficient utilization of a menory.

10

15

20

25

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 cireuit.”

K L

. The: second data is separated into plural sections

—leg W

"and sfored separately in the first @4ta, 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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This object is solved, according to the invention, wth the features of
claiml1l. with specific enbodinents clained in clains 2 to 20. -3- In the
data generation device for an electronic mu- sical instrument according to
the invention, the data length of data stored in the menory circuit is not
fixed but is made variable as desired. -§he data |l ength of data to be taken
out of the nenory circuit is designated by the data | ength designation
circuit. The takeout circuit

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

5 advéntageous for realizing an efficient utilization of
the memory.

Preferred embodiments of the invention will be

described hereinbelow with reference to the accompanying

dravwings.

10 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

15 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;

20 Fig. 4 1is a block diagram showingagn example of
- . internaliconstruction of a data takeout and reproduction

._sectlon in Fig. 1:

aulag W e - - "

- -

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

25 signal generation circuit in Fig. 4; .
22 signal gener:
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selectively takes out necessary data fromthe nenory circuit

i n accordance

with the designated data length. Since data |length of data to be stored in

a nenory is not fixed but rmade vari abl e as desired,

nunber

unnecessary storage cells are not occupﬁgd.
cells can be utilized for storing other
Accordi ngly,

storage cells of the

necessary for effective bits of the data only are occupied and

efficient use

| ength of data to be taken

can be selective-

ly taken

desi gnat ed data Iegg%b, g0

out of a menory is designated,

I n ot her words,
data wi t hout being occupi ed.
of a nenory can be realized. Further,

enpty storage

since data
necessary data

out of the nmenory means in accordance with the

§Bat ;2 BhgRkeH a@rdf @showing

a specific

a specific

a specific

a data

a specific

and a data

explaining
7; and
showing an

cirecuit in

example of a data length counter and an address counter
in Fig. 4;
Fig. 7 1is a block diagram showing
5 example of a data position reproduction circuit in Fig.
43
Fig. 8 1is a block diagram showing
example of a hidden bit sepration circuit and
adjustment circuit in Fig. 43
10 Fig. 9 1is a block diagram showing
example of a hidden bit reproduction circuit
length register in Fig. 4;
Figs. 10a and 10b are diagrams for
an example of operation of a shifter in Fig.
15 Figs. 11 and 12 are block diagrams
example of a compressed data demodulation
Fig. 1.
>
WA,
) “Tag W - 7‘?:
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t akeout *arising from adopting variable data length is solved and necessary
data only can be taken out w thout any problem In a nodification of the

i nvention according to claim1l, single data of a desired bit nunber is
stored over plural

head position.

addresses with a desired bit position being used as the

Pl ural data each having desired bit nunber can therefore

be stored efficiently as closely as posSTble w thout being restricted by

t he address unit.
i zed.

10

15

20

25

An efficient uilization of the nmenory can thereby real -

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

speci
const
embod

wavef

fically, data is stored in a waveform memory 10
ructed of a ROM in a format according te an
iment of the invention and data is read fron thié

orm memory 10 for reproduction of a tone by a

method according to the embodiment.

Descr

iption 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

data
embod
the s
the s

toe t

for 16 sample points. The data length of these
is not constant but can be any length. In this
iment, however, the data for 16 sample points in
ame frame have the same data length. In Fig. 2,
ize, i.e., data length, of waveform data belonging

he frame O is 11 bits, that of  waveform data
‘-*?,.ht .

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

mdata

L4 Y - N -

belonging to the frame 2 is 12 bf%s.

In this embodiment, each of data for the first to

fourth sample points (sample points 0 to 3) haSﬁgiktra
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-4 - In another nodification of the invention according to claim 18, second
data is separated into plural sections and stored separately in first data,
so that the second data is in a hidden state in the first data. This manner
of storing the second data enables the second data to be packed efficiently
in a suitable enpty position of the fiygt data, in conpliance with various
conveni ences such as the bit nunber of the first data and the bit nunber of
the address and therefore is advantageous for realizing an efficient
utilization of the nenory. Preferred enbodi nents of the invention will be

de- 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

5 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.

10 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

15 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

20 assigned. 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.

25 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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scri bed "herei nbelow with reference to the acconpany- ing draw ngs. In the
acconpanying drawings, Fig. 1 is a block diagramshow ng the entire con-
struction of an electronic nusical instrunment incor- porating an enbodi nent
of the invention; Fig. 2 is a diagram show ng an exanple of data for- mat
of data stored in a waveformnenory in-Riog. 1; Fig. 3 is a diagram show ng
an exanple of nenory format used when data having vari able data | ength of
the format shown in Fig. 2 is stored in the wave- formnenory in Fig. 1;
Fig. 4 is a block diagramshow ng an exanpl e of

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

N ) waveforf™ 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 thé address AO. The_r;ggining

-\_
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internal construction of a data takeout and repro- duction section in Fig.
1; Fig. 5 is a block diagram show ng a specific exam ple of a sanple
counter and a hidden bit control sig- nal generation circuit in Fig. 4;

Fig. 6 is a block diagram showi ng a specific exam ple of a data |ength
counter and an address counter in Fig. 4 Fig. 7 is a block diagram show ng
a specific exam ple of a data position }eproductlon circuit in Fig. 4

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,

X ‘ tong wazﬁ}orm data of plrual periods can be obtained by
repea?@ﬁiy 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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'5'.F'9: 8 is a block diagram showi ng a specific exam ple of a hidden bit
sepration circuit and a data ad- justment circuit in Fig. 4 Fig. 9is a

bl ock di agram showi ng a specific exam ple of a hidden bit reproduction
circuit and a data length register in Fig. 4, Figs. 10a and 1 Cb are

di agrams for explaining an exanple of gperation of a shifter in"Fig. 7; and
Figs. 11 and 12 are bl ock di agranms showi ng an ex- anple of a conpressed -

data denodul ation circuit in Fig. 1. In the electronic nusical instrument
shown in Fig.

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
5 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
10 the sustain portion are stored, the data of the full
waveform of the attack portion may be réad out once

" sequentially from the start address and thereafter the

data of waveform of plural periods of the sustain

portion may be repeatedly read oht. Since the above
15 described reading control system is well known, detailed
description thereof will ©be omitted hereih. For

convenience of explanation, it is assumed that in the
embodiment of Fig. 1, a read address control circuit for
the former reading control system is illustrated.

20  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

25 tones to be generated. A microcémputer 13 detects

depression and release of keis and a toneﬁ%falor
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1, the data generation device according to the invention is enployed as a
tone waveform generation device. Mre specifically, data is stored in a
wavef orm nmenory 10 constructed of a ROMin a fornmat according to an

enbodi nent of the invention and data is read fromthis waveform nenory 10
for reproduction of a tone by a nethod-ageording to the enbodi nent.
Description of variable data and hidden bit An exanple of a data format of
data to be stored in the waveformnenory 10 will be described first with
ref- erence to Fig. 2. Fig. 2 shows a data format of tone waveform data
correspondi ng del e tSiio) | st d by Fcannifiege et kdydromatd ils 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
5 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
10 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
15 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
20 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
interfaézh 14 and tone waveform signals for 8 channelis

-

“are pritfuced on a time shared basis. «

25 An F number generation circuit 15 generates, in

response to the key code K¢ supplied from the inéﬁf}ace
- 7
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divided into franmes each of which consists of a data group for 16 sanple
points. The data length of these data is not constant but can be any
length. In this em bodinent, however, the data for 16 sanple points in the
sane frane have the sane data length. In Fig. 2, the size, i.e., data

| engt h, of waveform data belonging to the franme O is 11 bits, that of
wavef orm data belonging to the frane 5% 10 bits and that of waveform data
belong- ing to the frame 2 is 12 bits. - 6-

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
5 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
10 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
15 generates system clock pulses ¢1 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
20 Key-off pulse KOFP, The system clock pulses ¢ 1 and¢ 2
are two-phase clocks and one period thereof corresponds
to a time slot width of one channel. The key-on pulse

- . -’Q.,L‘

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

—leg W

—slot of a certain channel when the ke?zon signal KON ﬂas
25 risen from "0" to "1", 1i.e., at the start of depression

of the key. The key-on pulse KONP2 is a pulseﬁ%ﬁhich
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In this enbodi ment, each of data for the first to fourth sanple points
(sanple points O to 3) has extra one bit of "hidden bit" (HBO to HB3) for
"hidden informa- tion" in addition to the above descri bed wavef orm dat a.
The data having the hidden bits HBO to HB3 for these sanple points have a
data |l ength which is one bit |larger thap.data for other sanple points in
the sane franme. Wthout these hidden biTs HBO to HB3, i.e., as far as the
size of substantial waveformdata |s concerned, all data in the same frane
have the sane size. Each of the hidden bits HBO to HB3 does not have

apparent si gnifi6anc WWhqR igh 1S ofRRY gt theS M HeAlsq® 15103t &naNd chamn@t s of
i nformati on are hidden. en these hlg-

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
5 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.
10 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
15 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
20 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

- ~ S,

coding system to PCM code data.

ey W

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

and the envelope setting data EVD, envelope shaggfﬁata
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den bit's HBO to HB3 are aggregated together to form4-bit information, the
contents of the "hidden informa- tion" are exposed. In this enbodinent,
information des- ignating data length is assigned as the "hidden inforna-
tion". Mre specifically, as whidden information” in a cer- tain frane,
information designating data Iength of_ e- formdata in the next frame is
assi gned. Weights of bi- nary code of these hidden bits are in the order of
HB3 (MSB), HB2, HB1 and HBO (LSB). In the exanple of Fig. 2, the contents
of the hidden bits HB3 to HBOin the frame 0 are "1010" and desi gnate data

'tg“gth fnlghg' ps égg tthgr Pe¥be gggw thahR@1800henRt Tigk bharkdddesikits HB3

A data takeout and reproduction section 20

performs, in response toc the note clock pulse NCL
supplied from the accumulator 16, the sample point

5 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

10 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

15 signal CA by an adder 21 is converted to an absolute

. 2
1

ad4ress 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
20 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
the{eofu*?s stored in the waveform memory 10 and is read
‘out 651 once, the read address  cemtrol circuit 22
25 simply functions to supply the start address data SA to

the adder 21. In a case where data of a full wgg?%orm

“’ﬁff*ﬁﬂ‘iﬁaﬁﬂi“ﬂ‘rﬂn




and designate data length = 12 bits in the next frame 2. Since there is no
preceding frame to the first frame O, a suitable nmethod may be enployed for
providing infor- mation for designating data |length of the first frame
such, for exanple, as storing information designating the data | ength of
the first frame in a separate nenory s as a tone color data nenory.

-7- Description of data storing format "Fig. 3 shows an exanple of a nenory
format used

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
5 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
10 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

15 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

20 section 20 connects necessary data among read out data
and provides the connected data.

The data takeout and reproductidn section 20

) " fnrtheruﬁ?akes out data of "hidden bit" from among the
"data "5Y 16 bits which has been read#from the wavefornm
25 memory 10 ‘and provides a set of data HBO {o HB3 of 4

bits by connecting these data of hidden bits and th#reby
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in a case where data of variable data I ength conposed of the format of Fig.
2 i's actually stored in the waveform menmory 10. In the exanple of Fig. 3,
the size, i.e., data length, of the nenory address of the nenory 10 is
fixed at 16 bits per one address and each address is accessed by an address
signal. Data for one sanple point is nof_ stored in one address, but plural
data of variable data length are stored ?6gether as closely as possible in
one address. For exanple, hidden bit HBO acconpanying the waveform data for
the sanple point 0 is stored at the LSB (least significant bit) of address

AO, the vavef Qi dald iy ddie SURY & RS fio S ad@r NG krlidrs afashi gher

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
5 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
10 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

15 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,

20 so_that its tone volume amplitude level is controlled in
accordance with the envelope shape.

The reproduction and control of thé waveform data

- - 'ﬂ*k

to the multiplier 24 is performed for the respective

-

.

'channeIE' on a time shéreﬁ basis.—- The outpﬁt 'of the
25 multiplier 24 is accumulated by an accumulator¥ 25

for the respective channels during one channeﬁgﬁ%ime
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or, upper orders, hidden bit H81 acconpanying the waveformdata for the
sanple point 1 is stored at a bit which is one bit higher, and 3 | ower
order bits of the waveformdata for the sanple point 1 are stored at 3 bits
of higher orders of the address AO. The remai ning 8 higher order bits of
the waveform data for the sanple pmln_fggfe stored at 8 | ower order bits
of the address Al. In a simliar manner,” as shown in Fig. 3, waveform data
and hidden bits for the respective sanple points are stored closely
togehter in the respective addresses. In Fig. 3, nunerals in the address

areas represeqt v333%hn Plgcl@l NundyERY’ S 13hel NGavaveral Mudana go¢ shaded
por- tions represent areas where the hidden bits are stored.

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
5 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
10 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

15 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
20 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
) . shift ;gzister 41. The output of the gate 42 is
‘providéd” as the sample number SN. #his 4-bit sample
25 number SN identifies a relative sample number O - 156

%

within one frame. The gate 42 is closed by the i;f%ond

-
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For storing data as closely as-possible in the mem ory in an efficient
manner, one data is suitably divided into plural portions and stored over

pl ural addresses. Any coding system may be enpl oyed for waveform data to be
stored in the waveform menory 10. In the enbodi nrermt of Fig. 1, waveform
data conpressed by the linear predictigfycoding system (LPC) is stored in
the waveform nenory 10. Waveform data to be stored in the waveform nmem ory
10 may be data for waveform of one period or data

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

5 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.

10 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

15 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

20 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 this hidden bit

) o conErolhﬁ}gnal generation circuit 31 is shown in Fig. 5.
'The &ircuit 31 comprises a NOR gate €3 to which MSB S3
25 and the second highest order bit S2 of the 4-bit sample

number SN are applied and an AND gate 44 to whigpf all
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faor waveform of plural periods. As is well known, in a case where data for
wavef orm of one period is stored, tone waveform data of pirual periods can

be obtai ned by repeatedly reading out the waveform data of one pe-
a case where data of waveform of plural
full waveformfromthe start of soundi

be stored or,

and data of waveform of plural periods of a sustain por- tion may be

stored. VWhen the data of ful

riod.

periods is to be stored, data of
qglof a tone to the end thereof may

aftematively, data of a f waveform of an attack portion

In

waveformfromthe start of sounding of a tone

to the end thgieef k§,stgped syavghar 86 oF tRepeahpye nampee pPSNnt aremy be
read out once sequentlally fromthe start address. Wen

10

15

20

25

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
NOR géte 43 is "1*" but otherwise the output of the NOR
gate 43 is ;0". 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
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.

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
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 in the memory

N T
address.
“X*" specific example of the data<tength counter 32
is shown in Fig. 6. The data length counter 32
E o4

comprises an adder 45, a selector 46 which rgﬁggves
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the datta of full waveform of the attack portion and the data of waveform of
pl ural periods of the sustain portion are stored, the data of the ful

wavef orm of the attack portion may be read out once sequentially fromthe
start address and thereafter the data of waveform of plural periods of the
sustain portion may be repeatedly read out. Since the above described
readi ng control systemis well known, ®&ai | ed description thereof will be
omt- ted herein. For convenience of explanation, it is as- sunmed that in

t he enmbodi nent of Fig. 1, a read address control circuit for the forner

Lgﬁgipgcf?g;rgLsa¥iteg¥igdhgkyggr gegheDgaﬁE}phgogtotlmh?nSﬂEtrean 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

5 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

10 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

15 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

20 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 aiﬁihe sample points includiné the hidden bits HBO

"o HB3." the hidden bit control signaf’HCl is applied to

25 a carry-in input Cin of the adder 45 so that 1 addition

4
is added for a hidden bit. The count output of tg??data
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Referring to Fig. 1, a keyboard 11 has a plurality of keys for designating
tone pitches of tones to be gener- ated. A tone color selection operator 12

has a plurality

-9- of operators for designating tone colors of tones to

be generated. A m croconputer 13 detects depression and rel ease of keys and
a tone col or selection state by scan- nbﬁg t he keyboard 11 and the tone

col or -sel ection oper- ator 12 and perf 0l

de-

an operation for assigning key

pression information to any of a plurality (8 in this em

10

15

20

25

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

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. >

WA

LY

The signal of the carry output Cout of the adder 45

-

ailag W

address incrgment pulse ADINC.

3

#
The address counter 33 performs address %gdﬁting

//
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bodi ment) of tone generation channels. The mcrocom puter 13 produces, for
each channel, a key code KC rep- resenting a key which has been assigned to
one of the tone generation channels and a key-on signal KON rep- resenting
whet her the assigned key is still being de- pressed or has been rel eased.
The microconputer 13 produces. also tongygol or nunber data TN representing a
sel ected tone color and touch data TD representing key touch. The outputs
of the mcroconputer 13 are sup- plied to a tone source circuit through an
interface 14. The interface 14 provides the key codes KC and the key- on

signal s KON ofg ﬁk%e‘@ys%?at\h% RARMR A5 Heab iy 11078 of GsRgfinsee twharvml s at

a predeterm ne hannel
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
5 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-
10 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
15 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
20 ' towthe 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
25 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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time dirvisional timng and al so provides the tone col or nunber 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
per- formed for 8 channels on a time shared basis in re- sponse to data
provided fromthe interface 14 and tone2saveformsignals for 8 channels are
produced on a tine shared basis. An F nunber generation circuit 15
generates, in re- sponse to the key code Kc supplied fromthe interface 14,
an F nunber FN which is a constant corresponding to a tone pitch frequency
of a tone to NElgeraret ech fhee dre lrmynbiar tdenashetfiton regictiar 15#%.s  For

constructed, for exam

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
5 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
o B and the address counter 33 counts up one address.
In the address counter 33, the output of the gate 52 is

10 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
15 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
20 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
25 applied to the AND gate 50 thereby causing the address

&
counter 33 to count up. The address signal CA théggfore
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pl.e, of a ROMor a table. This-F nunber is accunul ated repeatedly by an
acc¢umul ator 16 and a carry signal froma suitably determned digit is
provi ded as a note cl ock - 10 - pulse NCL This note clock pulse NCL
corresponds to the tone pitch frequency of the tone to be generated and
designates increnent of the sanple point _at each pulse. This note clock
pul se NCL, i.e., the sanple point i ncré%fent, constitutes a conmand gi ven
to the waveform nmenory 10 for reading out data of one sanple point per

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
5 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
10 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
out pointer POP by 1 address. This is because, as will
be described later, the data position reproduction
15 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

20 tepporarily held data read from the preceding address.
The data position reproduction circuit 34 receives
| data RD of 16 bits read which has been read from the
) wavgfor;rdmemory 10 and performs (a) a -function of
'reproszggng data for-bne-sample iéiﬁi stored over two
25 addresses after assembling it to a set of data and (?) a

function of executing a pretreatment for takigﬁfiout

_ —
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one shot of pulse. A clock and timng signal generation circuit 17 gen-
erates systemclock pulses [err] 1 and [err] 2 and various other timng
signals TM5 and supplies these signhals to the re- spective circuits and, in
response to the key-on signal KON supplied fromthe interface 14, also
forms and out- puts key-on pul ses [enjzfmd [err] and a key-off pul se KOFP.
The system clock pulses [err] and [err] are two-phase cl ocks and one period
thereof corresponds to a tinme slot width of one channel. The key-on pul se
KONP1 is a pulse which rises to 1 * only once at a tine slot of a certain

channel when Hhe keyus@ary 9pak tEl han1ki sen theodaltar kbir. eoneat samplet art
of depression

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.

prn - - .- " : -
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of . the key. The key-on pulse KONP2 is a pulse which rises to [err] only
once at the time slot of the channel in next time division channel cycle
after the key-on pulse KONP1 has risen to [err]. The key-off pulse KOFP is
a pulse which, when the key-on signal KON has fallen from[err] to [err],

I .e., upon rel ease of the key, rises to_ 1" only once at the tine slot of
the particul ar channel. These pul ses ar%asupplled to the respective
circuits for controlling processing which are synchroni zed with the key-on
and key-off. A paraneter data generation circuit 18 generates i n response

to the tone col or mher TN, uc - ta,T, nd .t he k co e KC
supplied fromthe n%teai'f co 3rol antuq or} q:%e s%lera}' %5 18 appli 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
5 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
10 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
15 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
20 ouf and 16 low order bits which are supplied from the
shift register 57 are data which have been read from the
immediate&y preceding address. Data which have been
read f;ZE the two addresses are loaded side by side in
" the sﬁ??%er 55 and, iﬂ’a case whe}e.&gta for hné samﬁle

25 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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14, various paraneter data for determning the tone color of the tone to
be ‘generated, performng a touch control and key scaling. Exanples of
paranmeter data generated in consideration of the selected tone color, key
touch and key scaling are envel ope setting data EVD for setting envel ope,
start address data SA for des- ignating %aveforn1reading start adderss,
initial data length data | LENG for deS| ating the data length of the flrst
frame and LPC coefficient data LPCP for denodu- | ati ng wavel orm data whi ch
has been conpressed by

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

5 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

10 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.

15 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

20 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

d * '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
25 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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t he Ilnear predi ction coding systemto PCM code data An envel ope generator
19 Torns and outputs, based on the key-on pul ses KONP1 and KONP2, key- off
pul se KOFP and the envel ope setting data EVD, en- vel ope shape data ED for
t he respective channels on a tine shared basis. A data takeout and
reproduction section 20 per- forns, inJgsponse to the note clock pulse NCL
supplied fromthe accumul ator 16, the sanple point increnent for

i dentifying the sanple point nunber of data to be read fromthe waveform
menory 10 and identifies the ad- dress at which the data to be read out is

stored on the Qasis,of thBe aawml eoPOkRk BaWBEe BBUnthe datBel capeh ot
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.

s 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

10 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.

15 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

20 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,

- . WA )

the puﬁI out pointer POP is "12" designating the LSB

-

weLag W Co. - - N - -

" positidn of the data for the sample#point 1 at the
25 preceding address AO. Therefore, data of 16 bits with
its LSB corresponding to the LSB of the data %ggf the-
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the data to be read out and thereby generates an ad- dress signal CA This
address signal CAis a relative address in a storage area storing waveform
data corre- sponding to one tone color. An address signal CA which is
generated by adding the start address data SA which is an absol ute address
to this relative address signal CA by agjadder 21 is converted to an
absol ute address sig- nal AD and this address signal ADis applied to the
ad- dress input of the waveform nenory 10. A read address control circuit
22 receives the start address data SA generated by the paraneter data gen-
eration circuidadi endesiuppli eiss tiakestaut atidtless siat &t SA t551 he Hdder 21.
In a case where data of a full wave-
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
5 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
10 the order of its bit positions sequentially from LSB is
provided by'the shifter 55. Since this 16-bit data Dl
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
15 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
20 separation circuit 35 separates the hidden bits HBO to
HB3 when the data DI contains them and takes out net
waveform data only and supplies this net *wavefarm data
AN
as data’D2 to the data adjustment circuit 36. The data
"adjustiteht circuit 36 is provided fer taking out the
25 object data for one sample point having variable data

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

-

i



farn1fron1the start of sounding of a tone to the end there- - 12- ot is
stored in the waveform nenory 10 and is read out only once, the read
address control circuit 22 sinply functions to supply the start address
data SA to the adder 21. In a case where data of a full waveform of an
attack portion and data of waveform of 85ural periods of a sustain portion
are stored in the waveform nenory 10 and“the data of the waveform of the
attack portion is read out once sequentially fromthe start of sounding of
t he

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
5 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
10 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
15 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
20 waveform data is variable data length in the range of 2
bits to 15 bits. Accordingly, maximum data length of

effective data is 16 bits when it includes a hidden bit
- . D% 1. ’

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

- wles W

Therefore, the maximum data length of’ihe effect:ve data
25 of the data D1 which may include a hidden bit is 16 bits

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

et Has Been Replaced
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tane to the end thereof and thereafter the data of the waveform of pl ural
periods of the sustain portion is re- peatedly read out, the read address
control circuit 22 perforns a nore conplicated address control. This ad-
dress control however is well known, so that further de- scription thereof
will be omtted. The waveform nmenory 103provi des, in response to the
applied address signal AD, data of 16 bits fromone nenory address. The
data takeout and reproduction section 20 re- ceives data RD of 16 bits

whi ch has been read from-the waveform nenory 10 and provi des necessary data

for one sanpl gioigdtf viaNd aldh niad @dendldhg ) of dare 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
5 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
10 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 HC1 and one of the hidden bits HBO to
15 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
20 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

) ' waveform%data.

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

-7
Poed

36. As was described previously, this data %%? may
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where nécessary data for onwe sanple point is stored over plural addresses,
the data takeout and reproduc- tion section 20 connects necessary data
anong read out data and provides the connected data. The data takeout and
reproduction section 20 fur- ther takes out data of "hidden bit" from anong
the data of 16 bits which has been read fron1the wavef orm mem ory 10 and
provides a set of data HBO to HB3 of 4 “BACs by connecting these data of

hi dden bits and thereby ex- poses the data | ength designation data LENG

whi ch has been stored as "hidden information' in the waveform nenory 10. By

i1 zing hi ScHRt 8 henatoE! 18! LRTeHR! abERGrn ahea" Rbr OBReBHR Fe PO

of vari abl e data
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
5 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
10 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
15 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
20 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

- . AN,
in 15 output lines of the decoder 61 becomes a signal

- .eTag W . - - - - .
nie, By this ouptut of the decoder #1, the position of
25 the sign bit SB to be taken ocut in the sign bit takeout

circuit 60 is designated. When, for example, %gérdata
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I s. taken out of the data of 16 bits which has been read - 13 - fromthe
waveform menory 10. In the first frame, data of variable data |length for
one sanple point is taken out by utilizing the initial data | ength data

| LENG supplied fromthe paraneter data generation circuit 18. The waveform
data for one sanple point which has beeyss aken out in the above descri bed
manner i s data conpressed according to the LPC codi ng system Therefore,

t he LPC coded waveform data which has

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 of the decoder 61.

5 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

10 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

15 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

20 provided 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
is achfg%ed by signals supplied on 13 signal lines from
"a sel®tt signal generation circiiits64. The select

25 signal generation circuit 64 provides, in response to

*

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

5
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been taken out of the data takeout and reproduction sec- tion 20 is applied
to a conpressed data denodul ation circuit 23 and denodul ated thereby to
normal PCM cod- ed waveformdata WD. This waveformdata WD is mul- tiplied
by envel ope shape data ED fromthe envel ope generator 19, so that its tone
volume anplitude level is controlled inggccordance with the envel ope shape.
The reproduction and control of the waveformdata to the multiplier 24 is
performed for the respective chan- nels on a tine shared basis. The out put
ofthe multiplier 24 is accunul ated by an accunul ator 25 for the respec-
tive channel s sdignailg oY’ dmrovalir dspondincs de @idl e fvhdrgeyy dioder Vieiviesss or m
data for all channel is ob-
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
5 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
10 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
15 bit 1 and the sign bit SB of the 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 laowest bit in the data D2,
signals on two low order signal lines of the select
signal generation circuit 64 become "0" and signals on
20 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 . . i
sign bit SB of the B inputs 3B to 13B at the bits 3 to
©13. “®imilarly, as the bosition'bfgéhe sign bit SB’is
25 shifted, the mode of bit-by-bit selection 1is alseo

¥

shifted and, as a result, the object waveform dg@f'for

- —
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talned The out put of the accunulator 25 is converted to an anal og signal
by ‘a digital -to-anal og converter 26 an sounded a ally through a sound
system 27. Description of the data takeout and reproduction section 20 in
detail Fig. 4is a bl ockdi agram showi ng an exanple of the internal

construction of the data takeout and rgproduc- tion section 20. The note
cl ock pulse NCL which com. nands reading of data for each sanpl e point

applied to a sanple counter 30, a data |ength counter 32, an address
counter 33, a data position reproduction circuit 34, a hidden bit

reproduction ShQCUEEmE?eaBgiﬁtd?Eask?QgQQvE?gi%Eﬁ@n3§ut and data of

10

15

20

25

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

‘e &\‘
8-stage 4-bit shift register 69 which receives the

“ciag W

output —of the selector 68. The ouptut of the shift

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

X

selector 68. To the MSB of 4 bits of "1" input ggf’the
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- 14- The sanple counter 30 counts the note clock pul se NCL and produces a
sanpl e nunber SN which desig- nates the nunber of a sanple point to be
reproduced by a relative nunber within one frane. A specific exam ple of
the sanple counter 30 is shown in Fig. 5. The sam ple counter 30 conprises
an adder 40, an 8-stage 4-bit shift Hggéuer 41 and a gate 42 which gates
the output of the shift register 41. The output of the gate 42 is provided
as the sanple nunber SN. This 4-bit sanpl e nunber

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

5 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

10 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

15 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

20 (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
‘registel 69 is held by the shift register 69 through the

25 *0" input of the selector 68,

T
4

Then, when the note clock pules NCL ha%égﬁeen
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SN |dent|f|es a relative sanple nunber 0 - 15 within one frame. The gate 42
is closed by the second key-on pul se KONP2 and otherwise is in an open
state. The reference characters "8D' in the block of the shift register 41
de- notes that the shift register 41 has 8 stages. The shift register 12 is
shift-controlled by the t phase systen glock pul ses [err] 1 and [err] 2 in
synchronismw th the channel tine diviston timng. The other shift

regi sters designated by the reference characters 80 have al so 8 stages and
are shift-controlled in the same manner. According to this construction,

Lhe sanpl € Coyfyyciy 'éndc'deﬁraEQoqn%{]‘tséﬁﬁé Bo e o 38 Pedey dRREESSi on
y the second key-on pulse KONP2 and thereafter
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
5 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
10 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 output of the OR
‘gate 67 becomes "0" and the data HB1, HBO, x, x which
15 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

20 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

- < *h
shxft register 69 in the same manner as described above,

ﬁﬁbn the next note clock pu@%e NCL ‘- has been
25 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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counts the note clock pulse NCL and thereby generates the sanpl e nunber SN

desi gnating the nunber of the sanple point to be reproduced by the relative

nunber 0 -15 within one franme. The generated sanple nunber SN is applied to

a hidden bit control signal generation circuit 31. This cir- cuit 31

recogni zes the initial four sanple poipjg_in one frame to which the hidden

bits HBOto HB3 are assigned and al so recogni zes the |ast sanple point in
the frame. A specific exanple of this hidden bit control signal gen-
eration circuit 31 is shown in Fig. 5. The circuit 31 com prises a NOR

gate 43 to whidedSE & éd wihkh Sacespgedt gtesthor deamid S ioft t e 4kdi t

sanpl e nunber SN are
provided as the potential hidden bit HB and the data
HB3, HB2, HB1, HBO is loaded and held in the shift
regster 69 in the séme manner as described above.

5 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,

10 Thus, the 4-bit hidden bits HB3, HB1, HBO are
reproduced and held in the shift register 69. Theée
hidden bits are supplied to the data length register 38
as the hidden information HD designating data length of
the next frame.

15 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

20 hidden information, i.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

'-‘&’_‘\
register 70. To high order bits of a 2-bit control
" input™“0f the selector 71 is appliedsthe first key<on

25 pulse KONP! 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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applied and an AND gate 44 to which all bits S3, S2, Si - 15- and SO of
the sanple nunber SN are applied. At the initial four sanple points in one
frame, the MSB S3 and second hi ghest order bit S2 of the sanple nunber SN
are all "0" so that the output of the NOR gate 43 is "1" but otherw se the
out put of the NOR gate 43 is "0". The gwgput of this NOR gate 43 is
supplied to the other cir- cuits as a hidden bit control signal HClL. Wen
this signal HCL is "1", it represents a sanple point to which the one

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
5 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
10 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
15 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
20 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
i ' fra@es,;M}he hidden information HD designating the data

‘lengiﬁfﬁﬁich has been stored as hidde# information with

25 the waveform data of the preceding frame is used as the
: . 27
data length designation data LENG. ﬁff
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of. the hidden bits HBOto HB3 is assigned. At the sanple point in the
frame, all bits of the sanple nunber SN are "1" so that the output of the
AND gate 44 is tuned to "1" and this signal is supplied to the other
circuits as a frame change signal HC2. The data |length counter 32 is a
counter of nodulo 16 which receives the data | ength designation data LENG
provided by a data | ength register 38 accu- nulates this data at each
timng of the note clock pulse NCL This nodul o nunmber 16 corresponds to the
bit nunber 16 of one address in the nenory 10. Accord- ingly, the count

value of ‘the data benqLl,cQynkeheFa:dha thd"3ke3nd RYISH BlIkiexdibd Of

vari abl e data Iengg
from the first circuit 17, the seocnd key-on pulse KONP2

may be generated by delaying the first Xkey-on pulse
KONP1 by 8 system clock pulses by the 8-stage 1-bit
5 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

10 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

15 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

20 Fig. 12 shows an example of an LPC demodulation circuit
of one stage.

The method of storing and reading data in and from

- ' WA

the‘ memory according to the invention 1is preferable

wrieg W

‘because it enhances saving of the* memory capacity

25 further when it is used in combination with such data
compression technique. In this case, thedgfaata
F
T




the nenbry address. A specific exanple of the data |l ength counter 32 is
shown in Fig. 6. The data length counter 32 conprises an adder 45, a

sel ector 46 which receives result of ad- dition by the adder 45 at "1"

i nput, an 8-stage 4-bit shift register 47 which receives the output of the
sel ector 46 and stores it dynamcally fgg each channel in synchro- nism
with the tinme division timng and a gat 8 48 whi ch gates the output of the
shift register 47. The output of the gate 48 is applied to a "0" input of
the selector 46. The gate 48 is closed by the second key-on pul se KONP2 but

otherwi se is t h ct | e It of
addition of t'he cfgs;%%rﬁ Hetnol"q SHACHAMiAR S AoPURe AP Y den T

any other system such as DPCM, ADCP and delta modulation
may be employed. Further, the present invention can be
of c¢ourse applied to a case where the data compression

5 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

10 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

15 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

20 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

. wiea W - - - " - -
one sample may have to be suffic#éntly long. For
25 solving this problem, processing over plural sampling

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

——
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applled to the "1" input when the note clock pul se NCL - 16- has been
generated (= "1") and sel ects and holds a count applied to its "0" input
when the note clock pul se NCL has not been produced ( = "0"). According to
this construction, the data |ength coun- ter 32 is cleared once at the
initial stage of key depres- sion by thggsecond key-on pul se KONP2 and
thereafter accunul ates the data | ength designation data LENG each tine the
note cl ock pul se NCL has been produced.

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
5 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
10 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
15 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
20 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
necﬁssafﬁ?y be ‘carried out in the form in which these
" three ™ %4spects are combined togethér but each of these
25 aspects of the invention may be carried out alone.

In the case of carrying out the aspect (1) gégfthe
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The data | engt h desi gnation data LENG desi gnates net data |l ength of the
wavef orm data portion and does not designate data |ength including the

hi dden bits HBO to HB3. For enabling actual data length to be added at the
sanpl e points including the hidden bits HBO to HB3, the hidden bit control
signal HCl is applied to a carry-n in-_put Cn of the adder 45 so that 1
addition is added for a hidden bit. The Tount output of the data |ength
counter 32 is provided fromthe gate 48 and this is supplied to other
circuits as a pullout pointer (takeout pointer) POP. This pull out pointer

roraFor Tona SRS A 0 4o IS eSS o R e
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

5 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

10 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-

15 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

20 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

nd b '.k.h\
fixgd data length 1is advantageous in a case, for

- iy W e - - > - -
example, where the fixed data bit nusber for one sample
25 exceeds the bit number of one address. In that case,
data must be stored over plural addresses fog%féach
/_
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In_thé‘case of Fig. 3, for exanple, the pull out pointer POP of the first
sanple point O designates "0", i.e., LSB O in the nenory address, by

clearing by the key-on pul se KONP2. Upon arri val

note clock pulse NCL, addition of I is made in the adder 45 due to 11
the data |l ength data LENG and 1 of the_ jgdden bit control signal HCIL,

that the pull

out pointer POP becones 12 and designates bit 12 in the

of a timng of the next

of
SO

menory address. Upon arrival of a timng of the next note clock pul se NCL,
"1" is produced at a carry output Cout of the adder 45 since 12 + 12

and result of ;adehelslsQN D@FheROTRE &.ixBldl aR 1@l blilte nERERTY £39dH9%S sl el ore
Is des- ignated. In this manner, the pull out pointer POP desig-

10

15

20

25

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
v AN

eithr félated or not related to proper data to be

ey W

"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

This Sheet Has Been Replaced ' )

(MR

I

24



nates a bit position in the nmenory address at which LSB of the data for one
sanpl e point is stored. - 17 - The signal of the carry output Cout of
the adder 45 is provided fromthe data | ength counter 32 as an ad- dress
i ncrement pul se ADINC. The address counter 33 perforns address counting for
accessing the waveformnenory 10 in response to the address increnent pul se
ADI NC and the note clock pulse NCL and %t oduces the address signal CA which

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
5 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
10 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
15 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
20 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

- . AN
limited to 4 bits,

iy W s . - - : - -
The present invention can be app¥ied not only to a
25 completed electronic musical instrument but also to a
3

moduled part of an electronic musical instrument§§§’The
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is.a relative value of the read address. The address is counted up by 1 by
using the address increment pulse ADI NC produced at the timng of the note
cl ock pulse NCL as an effective address increnent pulse. A specific exanple
of the address counter 33 is shown in Fig. 6. The address counter 33
conprises an 8-stage 1 -bit shift regls r 49 which del ays the note cl ock
pul se NCL, an AND gate 50 which recei Ve The output of this shift register
49 and the address increnent pulse ADINC, an adder 51 which receives the
out put of the AND gate 50 at one I nput thereof, a gate 52 which gates a

T LS Sl e o Mg S Y A WY ST S
keyboard or swltch means for selecting a tone Dbut
generates a tone by inputting code information. The
invention can also be applied to a device which has no

5 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.

10 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

15 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

20 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:ﬁny problem in

- . -kl\
spite of the fact that the data has variable data lenth.

wiZog W S - -
-
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and and stores it dynamcally for each channel in syn- chronismwth the
tine division timng. 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 pul ses
KONP1 and KONP2 are applied to the NOR gate 54 and the gate 52 is
controll ed by the output of the gate 54 gjhe timng at which a carry out put
I s produced fromthe adder 45 in the da%a | ength counter 32 is delayed by 8
system clocks fromthe timng of the note clock pulse NCL due to the del ay
in the shift register 47. For syn- chronizing with this timng, the note
clock pulse NCL is delayed by 8 syQleims ocks by the shift register 49. Ac-
cordi ngly, when the address increnent pul se ADI NC

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

i N ‘“&.LK

acco;danée 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

i



has been produced as a result of addition of the data | ength designation
data LENG at a timng of the note clock pulse NCL the ouptut of the AND
gate 50 is turned to "1" and the address counter 33 counts up one ad-
dress. In the address counter 33, the output of the gate 52 is provided as
the address signal CA In the case of Hg. 3, for ‘exanple, the address
signal CAinitially designates "0", i.e., nenory address AO by clearing by
t he key-on pul ses KONP1 and KONP2 and the data of 16 bits stored at this
address A0 is read out.

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
5 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

10 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
15 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

whérein said data length designation means stores

20 information designating data length of difa stored in

- . said memgry means, reads out the information designating

data length of certain data prior to taking out the data
Thag . - frj’ - ~
from said memory means, and thereby designates data

length of the data in taking out the data from gaid
25 memory means. ﬁﬁ{
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Upon arrival of the next timng of the note clock pulse NCL, the addition
ouptut of the adder 45 of the data | ength counter 32 becones 12 as was
descri bed before and this addition output is selected by the selector 46
and applied to.the shift-register 47 and, 8 systemclocks thereafter, POP =
12 is provided. At this time, 12 is fuesither added in the adder 45 and the
carry output Cout therefore becones "1". The address increnment pul se ADI NC
which is "1" and the note clock pul se NCL which has been del ayed by 8
system cl ocks are applied to the AND gate 50 thereby causing the address
counter 33 to count up. The address signal CA therefore designates "1",
I.e., the nmenory address Al and the data of 16 bits

: 6. A data generation device as defined in claim 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
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

“*

10 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
15 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
. >

instrumegpt comprising:

20 - memory means for storing single data of a desired
. - - é_'(’ '. -
bit number over plural addresses with a desired bit

wsieg W

‘position in one address being used as a head position;

proint out means for pointing out the positﬁ?ﬁ of
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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 nmaintains 12. As will be readily understood, as
regards the data of the sanple nunber 1 stored over the two addresses AO
and Al, the pull out pointer POP designg%es the bit 12 at the address A0 at
which the LSB of the data ‘s stored and?fhe address signal CA which is the
out put of the address counter 33 designates the next address Al. In other
words, the address signal CA precedes the pull out pointer POP by 1
address. This is because, as will be described later, the data position

reproduction GidEUf 1SR 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

5 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.

10 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
15 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.

>

- 20 - 15. A . adata generation devfce as defined in claim 11
_whefeLg.,said takeout means includes reading means for
reading out all bits of plural addreégés 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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34 tenporarily holds data of the precedi ng address which has been read from
the waveform nenory 10 in order to reproduce data for one sanple point
stored over - 19 - two addresses and the pull out pointer POP designates
LSB of the data to be taken out to the tenporarily held data read fromthe
precedi ng address. The data position repgpduction circuit 34 receives data
RD of 16 bits read which has been read fromthe waveform nenory 10 and
perfornms (a) a function of re-

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
5 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
10 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
15 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
20 migedly. said second data consisting of Plural bits and
being divided into plural sections, each of the sections
' being™%fored separately in said firstedata; i
reading means for reading out the data stored‘ in

e

said memory means address by address; ﬁgf
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produci ng data for one sanple point stored over two ad- dresses after
assenbling it to a set of data and (b) a function of executing a
pretreatnment for taking out a nec- essary portion only of the data for one
sanpl e point of variable data |length fromanong data of 16 bits by ex-
ecuting a processing for aligning the bgg_position of the data to LSB of
the data of variable data |ength. A specific exanple of the data position
reproduction circuit 34, as shown in Fig. 7, conprises a shifter 55 of
32-bit parallel input and 16-bit parallel output type. To upper 16 bit

i nputs of the shifidert%edag adiifoRC te)andP Flore & elplad adding RRAeOfs el ibint 2 fwhi ch

has been read fromthe waveform nenory 10. This read out data RD is applied
the first data and the section of the second data from
the data which has been read out by said reading means;
and
5 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
10 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.

—sileg W e -
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tqQq 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 and also to |lower 16 bit

i nputs of the shifter 55. The note clock pul se NCL and the key-on pul se
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 set®2Tor 56 is sel ected and, when the
out put signal of the NOR gate 58 is "1" the "1" input is selected. 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 corre- sponds to the LSB of the data to be taken out as 16 bit

Abstract

Data Generation Device for an Electronic

Musical Instrument

Data of desired variable data length is stored in a

5 memory. When desired data is to be taken out of the
memory, data length of the data to be taken out is
designated and necessary data is selectively taken out

of the memory in accordance with the designated data
length. Single data may be stored over plural

10 addresses. In that case, MSB or LSB of data to be taken
out of the data stored over the plural addresses is
pointed out and desired data of a desired bit number Iis

taken out in accordane with the pointed out position and

the bit number of the data. In the memory, first data

15 and second data may be mixedly stored. The second data
consists of plural bits and is divided in plural
sections, each section Being separately stored in the

first data. The first data and the second data are
separated {from the data which has been read from the

20 memory and the respective sections of the second data

- - AR
are A assembled together to reproduce completed second
. acleg W - - - - -
data. This storage and reproduction.é% data contributes
to an efficient utilization of the memory.

(Figure 3) .‘g;s‘-‘

—_—
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parallel output data from32 bit parallel input data in the shifter ? :
Vthen, for exanple, POP is 0, the LSB of the 32 bit parallel input data is
determ ned as the LSB of the 16 bit parallel output data and 16 bit data
including this - 20 - bit and higher bits is taken out Wien POP is 1,
the next bit to the LSB of the 32 bit parallel input data is deter- m ned
as the LS8 of the 16 bit parallel output data and 16 bit including this bit

and hi gher bit D out.. When POP is 12, the thirteenth bit fromthe
LSB of the 32 r- '
N Sk o
N ow
o5 R{ CHANNEL )
ACCUMU. -
© o
N < O
= N MUIT!PLIERIC:- §5 ¢
y o. =
g G | &
COMPRESSED| =i -
DATA K= 7 _—
-~ DEMODU. 28
N nt Q mn
= AEEE
) L ()
- O =
= ' 85z k= &
Bpcl 8 | 2.32 X -
= N %0 N @£ =
80 = L8 Tt g | B2 |en
SlcRAGEE S|IEa|z=]| O
<|a|]o X = | zold -
-~ A 3 Rl < @ L
ri 2 S| o0
g Accumu. k € 2|5 Lx=
s = O O
o |0 =T Ezl,: Ux
I‘ﬂ N~ "'z“
ol [ numeer | | | 2S4 '
8~|2E| |GENERATION &Gl ol ||z
- O - -
a3l / 1T o
aﬁ 0 gi:::::b %gTI
m .
- , ¥4
:,t,ﬂ A INTERFACE
2 4 >
- n, D '
. 2~ MICROCOMPUTER
slag W . = %’ﬁ . - -
-w—j—— o~ TONE tﬁéen
~~"] KEY BOARD =~ SELECEON
OPERATOR

—_—

This Sheet Has Been

T




allel input data is determned as the LSB of the 16 bit parall el outgyt
data and 16 bit data including this bit and higher bits is taken out! Tn
the 32 bit parallel input of the shifter 55, 16 high order bits are the
data RD which is currently read out and 16 | ow order bits.which are
supplied fromthe shift register 57 are data which have been read fromthe
I rn- medi ately precedi ng address. Data which have been read fromthe two
addresses are | oaded side by side in the shifter 55 and, in a case where
data for one sanple@oim is stored in tw addresses necessary data for one
sanpl e point can be aké% out of 32 bit parallel data of the two addresses
stored in the shift
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Sane'the pul | out pointer POP designates LSB of data of variable dgga
| ength, a processing for aligning the bit position of data to the L of
the data of variable data | ength can be perforned by designating, by the
pul | out pointer POP, the input bit position of data to be taken out as LSB
of 16 bit parallel output data. By this nmethod, a pretreatnent for taking
out a necessary portion only of data of variable dat Tength for one sanple
point from 16 bit data can be realized. Referring to Fig. 3, for exanple,

t he address signal ggonmes "0" by gl earing the address counter 33 of

Fig. 6 when the flrst kg%ign pul se K&P1 has been pro- duced(and data is

thereby read fromthe a ss AO. ll_ll m
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The sé€l ector 56 selects data RD read fromthe address A0 in response‘ho t he
output "0" of the NOR gate 58 and the selected data RD is | oaded in %

shift register 57. - 21 - 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 fromthe address AO is held.
The pull out pointer POP at this time is "0" so that 16 |ow order bits of

the input data in the shi frer—55,—1-e -, the read out _darg|fromthe address
40 4l 42
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AQ hel'd in the shift register 57, is directly selected and taken out gyfhi s
data includes the data for the sanple point 0 inits 12 |low order bits. In
ot her words, the data for the sanple point 0 to be taken out first is taken
out inis entirety with its LSB being aligned with the LSB of the 16 bit
output. This arrangenent is schematically il- lustrated in Fig. 1 Ga. Then,
upon generation of the note clock pulse NCL, the pull out pointer POP

becomes "12" upon | apse BD 8 system cJdks thereafter asiy b abgge
and the address signal Ch-erang T 1%?2-% o
however, the note clcok pul se I\ applf?a to the5ROR gat g JBLasﬁgnt bfgn
del ayed, the address signal P § EJIDD‘I
00 T
f \ NLOWER &
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CA has not changed when the output of the NOR gate 58 turns to "0" bgs/this
note cl ock pulse NCL and, there- fore, the read out data RD fron the
address AOis se- lected by the selector 56 and stored in the shift

regi ster 57. Accordingly, when the read address of the waveform nenory 10
has changed to Al 8 system cl ocks there- after and the read out data RD

fromthe addresg Al is applied to 16 high order bits & ﬂ.|er 55,
precedi ng rea ut dat romthe address Aﬁ);ls suppl i REGISTERNggshi f t

regi ster 57 t 6 | ow er bits. lIn his ner, re om two
consecuti ve addrlesses aje arran ' @;g el Jin the i t ofjthe shifter
55. At this ti 4 ‘F | out ?S?nte 3d| % 12" desi gnzgti ng the LSB
position N 2 4 HD 5 LENG
LOWER o -\ N h
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of thé data for the sanple point 1 at the preceding ad- dress AO
Therefore, data of 16 bits with its LSB corre- sponding to the LSB o( t he
data for the sanple point 1 - 22 - is taken out of the shifter 55. This
data includes the data for the sanple point 1 inits entirety in 12 |ow
bits. In this manner, the data for the sanple point 1 stored separate- |y
at two addresses are provided as a set of data with its LSb being aligned
with the LSB of the 16 bit output. This arrangenent is schematically shown
in Fig. 10b. 78 79
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Thus, -Ditdata D1 in which the object data to be taken dmeat shepet
yari abﬁﬁﬁmlqasltﬂiﬁﬁlﬁ?eg arranged in the orderof its Thg'! %‘gﬁhﬂgﬁs 3
sequent ﬂ is pro- vided by the shifter 55. SingegtAlis 189p- bit
data D1 nnecessary data on its higher QP esidgfsthe ob- ject

data for one sanple point of variable da%a | ength only has not been taken

out yet. For k59 this data epbyyitUhhheerPtea8esitading regupned.
Reverting to &?5.94,9F%E’da?égtﬂ prg uced fromithe shifter 55 of the data

position rePrgQwSS!Oafci&&UQF 3¢ot8daprkiednt 9sasdaka adpusaneoereaiauit 36
t hrough a hidden bit separation circuit 35. The hidden bit separation
circuit 35 sepapskps thpohi ddgampies HBO t @sHB3rwaen tole dahgle data

having data length of 16 Eits to be stored in an address

of 16 bits. As a special usage of a memory, an address

of iG 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, howéxgr, each data to be stored has fixed data

length of 8 bits.

EP-A-0 258 798 describes an apparatus for generating
tones by use of a waveform memory. The waveform memory
has a plurality of storing areas, each of which stores
data of N bits. Amplitude data of M bits, where M de-
notes as N < M s 1,5 N, of two sampling points are pre-
stored in three storing areas. Upon address signals the
data stored in each storing area are sequently read out
from the waveform wemory. The amplitude data of two
sampling points are reproduced by use of three storing

areas.
In the prior art devices in which daia is stored
ﬁwith 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 c#se where,
for example, tone waveform data is stored so that its
maximum amplitude value may be covered with fix;d data
length of 16 bits, - there oécurs a case vwhere the numbe?

of effective bits is only 2 bits or 3 bits at a sample

point at which the amplilnde value is relatively small.
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D1 contains them and takes out net waveformdata only and supplies this net
waveformdata as data D2 to the data adjustnent circuit 36. The data

adj ustnment circuit 36 is provided for taking out the object data for one
sam ple point having variable data length only fromthe data D2. A 1-bit
potenti.al hidden bit signal HB (this i3 a signal which has possibility of
bei ng one of the hidden bits HBO to HB1) which has been separated by the

hi dden bit sep- aration circuit 35 is applied to a hidden bit reproduction
circuit 37. Ths hidden bit reproduction circuit 37 repro- duces, in

LEa0ne g RO, B0 ol By BRI HRRP pits e dine b1
exposes address are undesirably wasted. The storage cells thus waste
reaches an unignorable amount when viewing the entire memory.
This constitutes a factor which prevents efficient utilization
of a memory and, therefore, prevents realization of a compact

circuit design and reduction of manufacturing cost.

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. This object is
solved, according to the invention, with the features of claim
1.

In the data generation device for an electronic musical
instrument according to the invention, the 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 designated by the data length designation circuit. The
takeout circuit selectively takes out necessary data from the
memory circuit in accordance with the designated data length.

Since data length of data to be stored in a memory is not fixed
but made variable as desired, storage cells of the number
necessary for effective bits of the data
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the 4-bit hidden information HD which has been stored Separately in the

fform of the. hidden—bLLs HBO-to HB3. As - 23 - described above, in this
enbodi ment, data | en th des- ignation information for the next frame is
stored as ”" j ﬂ Mﬂ"gatlon HD. The reproduced hidden inform- tion
HD, i.e., nation information for the next frane, is

supplied to a data ength regi ster 38. A gpecific exanple each of the
hi dden bit separation circuit 35 and the data adjustnment circuit 36 is

shown in CLAIMS
1. A data generation device comprising:

memory means (10) for storing plural items of data
for realizing a given waveform, and

reading means for reading a predetermined number of
bits from said memory means {(10) in accordance with

an address signal (AD),
characterized in that

each of said plural items of data stored in said
memory means (10) represents a single data value
having a desired variable number of bits, and each
item of data is stored in a memory location corre-
sponding to at least one memory address of said mem-
ory means (10), with each memory address correspond-
ing to-a predetermined plurality of bits, and

that said data generation device further comprises:

data length designation means (32) for designating
the number of bits corresponding to each item of
data to be retrieved in sequence from the memory
means (10), wherein the designated number of bits
may include a number other than a multiple of the
number of said predetermined plurality of bits, and

takeout means (20) for selectively taking out neces-
sary items of data from said data read out from the
memory means (10) in accordance with the designated
number of bits, so that a sequence of said items of
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Flg' 9. In this enbodi nent.,. data length, i.e., size, of net waveform data
iv's variabte data Tength in the range of 2 bits to 15 bits. Accordingly,

maxi mum d “lmmm fective data is 16 bits when it includes a
hi dden bhﬁ Q! “ﬂg‘ n it does not include a hidden bit. Therefore,
t he maxi atatlehgt% of the effective data of the data D1 which nay

i nclude a hidden bit is 16 bits and, for BIS reason, this data D1 is taken
out as 16 bit data. The maximum dat a Iéné h“of the effective data of the

data D2 after 'separ N, it ' 5 n Hag, 8. the
hi dden bltseparatld%écéfgé%tgégéﬂyfigggag g&§§élgg¥é§°§§ h%ﬁec%uw%mﬁr 15
bits thedata D1 areof bits changes in lapse of time in the process of

realizing said given waveform, is reproduced.

2. A data generation device as defined in claim 1
wherein:

said memory means (10) has a plurality of memory
addresses of fixed bit length, the items of data
having a variable number of bits being stored at the
memory addresses, and each of the memory addresses
is accessed by an address signal (AD}, and

said takeout means (20) comprises address generation
means (33) for generating an address signal, in re-
sponse to a data readout command, by determining at
least one address for reading a necessary item of
data from said memory means (10) in accordance with
the des_ignated number of bits, data stored in said
memory means (10) being read out from said memory
means (10) by the generated address signal (AD), and
data adjustment means (36) for taking out data cor-
responding to the designated number of bits from
output data corresponding to the designated number
of bits from output data (RD) of said memory means
(10) which has.been read out by the address signal
(AD) .

3. A data generation device as defined in claim 2,
wherein said data adjustment means (36) adds, when =
the number of bits of the data (RD) which has been
taken out is less than a predetermined reference bit
length number of bits, a data bit or bits cor-
responding to the deficiency with respect to the

_
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applled-to'rts 0" input and upper 15 bits are applied to its "1" Input.
The sel t he above de- scribed hidden bit control signal
HCl (see ‘mn@%“ﬂnm‘t\“ el ection control input and selects 1 | input when
HClL is " iselMecfs *0" input when HCL is "0". When, therefore, data for
the first four sanple points in the frame including the hidden bits HBl1 to

HB3 is to be taken of HCl and one of the Bhdden bits HBO to HB3 | ocated at
the |l east significant one bit is excluded. The 15-bit data is sufficient

for securing effethélfePéﬁée Cﬁlé h%z@%@lvau%%g bigesi B8t t¥evRELERY dates - When,

on the other hand, data for sanpl € poi nt_whi ch does not |nclude the hid-
den bits HBO to HBF3Eely W?a%% daka (RRjerhasing 1 Gixed bit length

number of bits corresponding to the reference bit
length.

4. A data generation device as defined in claim 2
wherein items of data to be stored in the memory
means (10) are grouped into plural data groups and
wherein the number of bits of items of data is such
that a common number of bits is used for plural
items of data belonging to the same data group and
said data length designation means (38). designates
number of bits for each of the data groups. -

5. A data generation device as defined in claim 1
wherein said data length designation means (38)
stores information designating the number of bits of
data items stored in said memory means (10), reads
out the information designating the number of bits
of certain data items prior to taking out the data.
items from said memory means (10), and thereby des-
ignates the number of bits of the data items in tak-
ing out the data items from said memory means (10).

6. A data generation device as defined in claim 5
wherein the information designating the number of-
bits is stored in a part of a storage area of said
memory means (10).

7. A data generation device as defined in claim 5
wherein the information designating the number of
bits is stored in a memory circuit other than said
memory means (10).

—_—
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the~data Diué}éwéelect E&ﬁﬁ "0" of HCl. This 15-bit data also |Is sufficient

\;Zr S'?‘ﬁurllgﬂumml‘t“lm of the above descri bed net wavef orm dat a. -
- e

m data D2 which has exclud- ed the hidden bit is
applied to 'he“dat a adjustnment circuit 36. As was descri bed previously,
this data D2 may con- tain not only the object waveformdata for one sanple
poi nt but al so waveform data for next sang&e point. If the object waveform
data for one sanple point is

8. A data generation device as defined in claim 1
wherein data to be stored in said memory means (10)
is tone waveform data for an electronic musical in-
strument and each item specifies a sample value of a
tone waveform.

9. A data generation device as defined in claim 1
wherein data to be stored in said memory means (10)
is envelope shape data for an electronic musical
instrument and each item specifies an envelope value
for a tone.

10. A data generation device as defined in-claim 1
wherein data to be stored in said memory means (10}
is parameter data for controlling tone to be gener-
ated by a tone generating system and each item spec-
ifies a parameter value for a tone.

11. A data generation device as defined in claim 1
whereiﬁ the most significant bit of the item of data
" may be located at any bit position within a particu-
lar address, said data generation device further
comprises point out means for pointing out a bit
position within an address of the most significant
bit or at least significant bit of a data item to be
taken out of the memory means (10), and said takeout
means takes out the item of data having said vari-
able number of bits from the memory location in ac-
cordance with the position which has been pointed
out by said point out means.

12. A data generation device as defined in c¢laim 11
wherein the number of bits of said data item is lar-

is Sheet Has Been Reﬁaced '

T R —

05 AUG 1991




taken oat™with its data length remaining variable in taking this data only

fromthe ilence wll arise in subsequent data processing.

The dat a- mﬂ |mmIrHIEU|t 36 therefore adjusts the taken out data to
he data skzec oft 1%-bst fixed data |length. For this purpose, the data

adj ustnment circuit 36 takes out the object waveform data for one sanple

point fromthe data D2 first and, when thgataken out waveform data for one

sanpl e point does not satisfy the data Si of 15-bit fixed data |ength,

ex- ecutes processi n&f&ﬁfﬁxgggdﬁ%é?h‘ﬁl 85 R B t Q. al laoﬁ?ésﬁ highy -r&ier

bits andtherebya usts St zé een I're atato xed
| ength of 15 bits whenery aéang olk0)the obj ect waveform for one sarrpl e p0| nt

only.

13. A data generation device as defined in claim 11
wherein the number of bits of said data item is
smaller than the number of bits of one address of
said memory means (10).

14. A data generation device as defined in claim 11
wherein said takeout means (20) includes means for
adding, when the number of bits of the data item
which has been taken out by said takeout means is
less than a predetermined reference number-of bits,
additional data bits to enable data of fixed data
'length having the reference number of bits to be
ultimately produced.

15. A data generation device as defined in claim 11
wherein said takeout means (20) includes reading
means for reading out all bits of plural addresses
over which said data item is stored, wherein said
takeout means arranges all of the bits serially and
takes out a necessary segment of bits in response to
the position pointed out by said point out means.

16. A data generation device as defined in claim 11
wherein said memory means (10) stores plural data
items having a desired variable number of bits,
wherein the data generation device further comprises
data length designation means (38) for designating a
number of bits of a data item to be taken out from
the memory means (10) .
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In the data- adjustnent circuit 36 of Fig. 8 the data D2 is applied to a
sign bit g“lm 60 for taking out a sign bit SB. The data |l ength
desi gnat& \m decoded by a decoder 61 and one.output |ine
corresp 10 MBB*of the data of variable data |l ength in 15 output |ines
of the decoder 61 becomes a signal "1". By this ouptut of the decoder 61,
the position of the sign bit SB to be tak out in the sign bit takeout
circuit 60 is designated. Wien, for exanplé, the data length is 10 bits,

the tenth bit of,thg gl t!;%t [ge[r?]érééﬁ.eorysﬁeggcgh%é’ahafﬁﬁeaari@bE@.a‘iﬁlt A6

length, i.e., t e si g IS SI I's taken out 1 n respon " of
the tenth out put nwéemmh@aeécdmom means (10) stores 'additiona

data bits other than those forming the data items,
said additional data bits representing a number of
bits of a data item to be taken out, wherein at
least some of said additional data bits are sepa-
rately stored from one another in locations corre-
sponding to different memory addresses, wherein the
data generation device further comprises combining
means for combining said additional data bits, and
wherein said designation means designates the number
of bits based on said combined data bits.

18. A data generation device as defined in claim 1
wherein said memory means (10) stores first data
items (D2) and a second data item (HB), said first
data items (D2) corresponding to said plural items
of data for realizing said given waveform, said sec-
ond data item (HB) comprising plural bits and being
divided into plural sections (HBO,HB1,HB2,HB3), each
of the sections (HBO,HB1,HB2,HB3) being stored in
said memory means (10) separately from each other
and connected with.a different one of said first
data irems (D2), and said data generation device

further comprises:

data separation means (35) for separating the first
data items (D2) and the sections (HBO,HB1l,HB2,6HB3)
of the second data item (HB) from the data (RD)
which has been read out by said reading means, and - .

reproduction means (37) for reproducing completed

second data item (48) by assembling the respective
sections (HBO,HB1,HB2,HB3) of the second data item

—_—

—_———
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In :ihe data adjusting circuit 36 in Fig. 8 a bit-by-bit independent
sel ector 62 selé6f§_fﬁ_'6bféCT wavef orm data for one sanple point only and

excl udes a ther sanpl e point to expand the sign bit SB
i nst ead of ﬁlmﬂ meg of LSB 0 in 14 |low order bits of the data D2
(the MSB may be cexelu ecause the MSB cannot be any other bit than the

sign bit and this sign bit can be identiféged_ by an output of a sign bit
takeout circuit 60) is always data of the object waveform data for one

sanpl e point, this gg)a JSidPthaPbdstl §8piPeE@-by said data separa-
tion means (35).

19. A data generation device as defined in claim 18
wherein a section (HBO,HB1l,HB2,HB3) of the separated
second data item (HB) consists of one bit.

20. A data generation device as defined in claim 18
wherein a section (HBO,HB1,HB2,HB3) of the separated
second data item (HB) consists of plural bits.

umln Wi W’“‘ i e et s
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ot her

| ector 62 but may be applied directly to an output register 63. Data
bits excluding the LSB of the 14 | ow order )Qf
appljed to bit=hy-bit A-inputs—l Ato 1 3A of the ?{F"ft ”“'hﬁ??@w

representing tWéHSlE‘gl’fEEBlHASSBEﬂt )Vi ded by the sign

appl i ed commonly t oREPLACED- bi t nputi 1 Bto 13B o th@%b’lﬁé’c’@
bit-by-bit selteet+omcontrot—Tm t he Se-

i t-Dby-bi | ector 62 achi eved by did
supplied on 13 signal lines froma select signal g neration circuit
se- lect signal generation circuit 64 provides, in

si gnal
to all

LS M | o B

Jtes

t takeout §$ dui
g2.

of the
are
al
t 60 is
The
nal s
64. The
ut put

!hg!gggogEEGQ%t a selection cotrol signal "1" in correspondence
=

delcl iioh fdPRHE Ridn POSH td QP P iddIELS | @l 1 t1 5B

Fa—this—easer|/ 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.

a data generation device comprises a memory circuit

storing first data and second data mixedly: the econd

data consisting of plural bits and being divided into

plural sections, each of the sections being stored

separately in said first data, a eading circuit for

reading out the data stored in the memory circuit

address by address, a ddta separation circuit for

separating the sectiop”of the first data and the section

of the second datz”from the data which has been~read cut

by the readipg circuit, and a reproduction circuit for

reprodu g completed second data by assembling

respéctive sections of the second data which has been

, i bosbi] o ot the— s _

In another modlflcatlon of the 1nvent10n accordlng to claim 18,

Fhe—Ysecond data is separated into plural sections
and stored separately in -the first data, so that the
second data is in a hidden-state in the first data.

This manner of storing the second data enables the
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. . . . . ) Ho965%2. Lpas
Assune, for exanple, that the sign bit SBis the bit 1 which is the second

| owest bit in the data D2. In this case, signals on the 13 signal |ines of
the sel ect signal generation circuit 64 becone "1" and the bit-by-bit inde-
pendent 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 biif.SB is the bit 2 which is the
third lowest bit in the data D2, a signal on one | ow order signal |ine of

t he sel ect signal | |ty 19 " Oy B ' on the 12

hi gh order signal méa{?m&gbg - [ EE“%MM sel ector
62 sel ects the waveform da- taMyPSI4ala hﬁ_%-‘bﬁ’?"‘@@hﬁﬂﬁm si §G
bit SB of the Binputs 2B to 138 at the bits 2 to .;:Tn acaserwhel.do papad 3.
v TEEN W mared M
T TRy
‘z{ {L.‘.;:.l”.- B . . wdlead LLE,

s peged

Description
P DATE QF RECEIFT

This invention relates to a data generation device
for an electronic musical instrument and, more particu-
lary, 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 efficient utilization of a data
memory is thereby realized.

The prior art concept for realizing an efficient utili-
zation of a data memory was to adopt a compressed
data representation system instead of a normal PCM
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 com-
pressed by employment of the linear prediction coding
system (LPC). U.S. Patent No. 4,809,577 also discioses
waveform data compression technique.

In the prior art data storage device employing data
compression as well as the conventional data storage
device for the PCM system data, data is stored at each

_memory address at one to one relation and data length
(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 di-
vided, for example, into two sections each having 8 bits
and ditferent 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.
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the sign bit is the bit 3 which is the fourth lowest bit in the data D2.

signals on two | ow order signal |lines of the select signal generation
circuit 64 becone "0" and sig- nals on 11 high order signal |ines become
"1" and the - 26 - bit-by-bit independent selector 62 selects waveform

da- ta of the A inputs 1A and 2A at the bits 1 and 2 and selects the sign
bit SB of the Binputs 3Bto 1 3B at theZtts 3 to 13. Sinmilarly, as the
position of the sign bit SBis shifted, the node of bit-by-bit selection is
al so shifted '
EP-A-0 258 798 describes an apparatus for gener-
ating tones by use of a waveform memory. The wave-
form memory has a plurality of storing areas, each of
‘which stores data of N bits. Amplitude data of M bits,
where M denotes as N < M < 1,5 N, ol two sampling
points are prestored in three storing areas. Upon ad-
dress signals the data stored in each storing area are
sequently read out from the waveform memory. The am-
plitude data of two sampling points are reproduced by
use of three storing areas.
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 small-
er than the fixed data length. in a case where, for exam-
ple, tone wavelorm data is stored so that its maximum
amplitude value may be covered with fixed data length
of 16 bits, there occurs a case whera the number of ef-
fective 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 wasted reaches an unignorable amount when
viewing the entire memory. This constitutes a factor
which prevents efficient utilization of a memory and,
therefore, prevents realization of a compact circuit de-
sign and reduction of manufacturing cost.

it is, therefore, an object of the invention to provide
a data generation device for an electronic musical in-
strument capable of reducing the number of wasted
storage cells and thereby realizing efficient utilization of
a memoy.

This object is solved, according to the invention,
with the features of claim 1, with specific embodiments
claimed in claims 2 to 20.
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and, as a result, the object waveformdata for one sam ple point is

sel ectively taken out and data of other sam ple 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 1 3-bit output data of the selector 62 and the sign bit
SB whi ch has been taken out of the sign bit takeout circuit 60 is applied
to the output register 63 and is | oad- ®d-therein at a timng of rising of
the systemclock pulse [err]2. This timng of rising of the system clock
pul se [err] 2 occurs within one tinme slot of the tine division channel
timng, so that the |l oading of the data is made when the data in the tine

di vi sion channel timng has sufficiently
In the data generation device for an electronic mu-

sical instrument according 1o the invention, the 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 designated by
the data length designation circuit. The takeout circuit
selectively takes out necessary data from the memory
circuit in accordance with the designated data length.
Since data length of data to be stored in a memory
is not fixed but made variable as desired, storage cells
of the number necessary for effective bits of the data
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 selective-
- ly taken out of the memory means in accordance with
the designated data length, so that a problem in data
" takeout arising from adopting variable data length is.
solved and necessary data only can be taken out without
any probiem. '
In a modification of the invention according to claim
11, 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 real-
ized.

-
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risen. The ouput of this output register 63 is provided as waveform data
CWD for one sanple point which has been taken out. The hidden bit
reproduction circuit 37 in Fig. 9 in- cludes 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 HCl, an OR gate 67

whi ch receives the second key-on pul se ¥&XP2 and the output of the AND gate
66, a selector 68 which is controlled by the output the OR gate 67 and an
8-stage 4-bit shift register 69 which receives the out- put of the selector
68. The ouptut of the shift register 69 is applied directly to a "0" input
of the selector 68. To the

In another modification of the invention according
to claim 18, second data is separated into piural sections
and stored separately in first data, so that the second
data is in a hidden state in the first data. This manner of
storing the second data enables the 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 advantageous for realizing an

_ efficient utilization of the memory.

Preferred embodiments of the invention will be de-
scribed hereinbelow with reference to the accompany-
ing drawings.

In the accompanying drawings,

Fig. 1 is a block diagram showing the entire con-
struction of an electronic musical instrument incor-
porating an embodiment of the invention;

~ Fig. 2 is a diagram showing an example of data for-
mat 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 wave-
form memory in Fig. 1, _
Fig. 4 is a block diagram showing an example of
internal construction of a data takeout and repro-
duction section in Fig. 1; .
Fig. 5 is a block diagram showing a specific exam-
ple of a sample counter and a hidden bit control sig-
nal generation circuit in Fig. 4;
Fig. 6 is a block diagram showing a specific exam-
ple of a data length counter and an address counter
in Fig. 4; - . _
Fig. 7 is a block diagram showing a specific exam-
ple of a data position reproduction circuit in Fig. 4;
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M5B of 4 bits of "1" input of the selector 68 is applied a signal of the
LSB of the data D1, i.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 - 27 - one bit to the lower order bit side. According to this
construction, when the second the seleect®dr 68 is selected in response to
the ouptut "1" of the OR gate 67. As the data D1, data for the sanple

Fig. 8 is a block diagram showing a specific exam-

ple of a hidden bit sepration circuit and a data ad-

justment circuit in Fig. 4;

Fig. 9 is a block diagram showing a specific exam-

ple 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 shifterin Fig. 7;and

Figs. 11 and 12 are block diagrams showing an ex-

ample of a compressed data demodulation circuit

in Fig. 1.

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
waveforrn 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 ref-
erence to Fig. 2. :

Fig. 2 shows a data format of tone waveform da
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 is not constant but can be any length. In this em-
bodiment, however, the data for 16 sample points in the °
same frame have the same data length. In Fig. 2, the
size, i.e., data length, of waveform data belongingtothe
frame O is 11 bits, that of waveform data belonging to
the frame 1 is 10 bits and that of waveform data belong-

ing to the frame 2 is 12 bits.
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point O which has been read out fromthe address AO by address clearing by
the first key-on pul se KONP1 whi ch was produced one cycle before is

provi ded while the hid- den bit HBO stored with respect to the sanple point
O is provided as the potential hidden bit HB. Since the output of the shift
regi ster 69 may take any value initially, ex- planation will be nade by
designating this output by x (x may be eifther 0 or 1).. By the above
arrangenent, 4-bit data having contents of HBO x, X, x (in the order from

the MSB is | oaded in the shift register 69 through the "1" input of the
t he out put of t 67 becones "0"

So that the data rEo. M thid embesiBentn aaeh i data dgrdhe Test e hel d by
the shift fourth sample points (sampile points 0 to 3) has extra

one bit of *hidden bit* (HBO to HB3) for *hidden informa-

tion® in addition to the above described wavelform 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 1o HBJ, i.e., as far as the

size of substantial wavelorm data is concemed, 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 hid-
den bits HBO to HB3 are aggregated together to form
4-bit information, the contents of the *hidden informa-
tion® are exposed. In this embodiment, information des-
ignating data length is assigned as the "hidden informa-
tion". More specifically, as *hidden information® in a cer-
tain frame, information designating data length of wave-
form data in the next frame is assigned. Weights of bi-
nary code of these hidden bits are in the order of HB3
(MSB), HB2, HB1 and HBO (LSB).

In the example of Fig. 2, the contents of the hidden
bits HB3 to HBO in the frame 0 are *1010" and designate
data length = 10 bits in the next frame 1. The contents
of the hidden bits HB3 to HBO in the frame 1 are "1100*
and designate data length = 12 bits in the next frame 2.
Since there is no preceding frame to the first frame 0, a
suitable method may be employed for providing infor-
mation for designating data length of the first frame
such, for example, as storing information designating
the data length of the first frame in a separate memory
such as a tone color data memory.
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regi ster 69 through the "0" input of the selector 68. Then, when the note
cl ock pules NCL has been pro- duced and data for the sanple point 1 has
been given as the data D1, the output of the AND gate 66 |Is turned to "1"
due to HC1L which is "1" and the delay output "1" of the note clock pul se
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 tinme, the

hi dden bit HB1 which has been stored with respect to the sanple point 1 is
provi ded as the po- tential hidden bit HB, the 4-bit data of HB1, HBO x, X
(in the order fromjghe MSB), is |loaded.in the shift register

escription of data storing format

Fig. 3 shows an example of a memory format used
in a case where data of variable data length composed
of the format of Fig. 2 is actually stored in the waveform
memory 10.

In the example of Fig. 3, the size, 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 by
an address signal. Data for one sample point is not
stored in one address, but plural data of variable data
length are stored together as closely as possible in one
address. For example, hidden bit HBO accompanying
the waveform data for the sample point O is stored at the
LSB (least significant bit) of address A0, the waveform
data for the sample point O is stored at 11 bits of higher
or upper orders, hidden bit HB1 accompanying the
waveform data for the sample point 1 is stored at a bit
which is one bit higher, and 3 lower order bits of the
waveform data for the sample point 1 are stored at 3 bits
of higher orders of the address AO. The remaining 8

- higher order bits of the wavetorm data for the sample
point 1 are stored at 8 lower order bils of the address
A1. In a similar manner, as shown in Fig. 3, waveform
data and hidden bits for the respective sample points
are stored closely togehter in the respective addresses.
In Fig. 3, numerals in the address areas represent sam-
ple point numbers of the waveform data and shaded por-
tions represent areas where the hidden bits are stored.

For storing data as closely as possible in the mem-
ory 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 to be stored in the wavelform memory 10. In the
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69 through the "1" input of the selector 68. In the next cycle, the output
of the OR gate 67 becones "0" and the data HB1, HBO x, x which has been

| oaded in the shift register 69 is held therein through the "0" input of -
t he sel ector 68, - 28 - Then, when the next note clock pulse NCL has
been produced and the data for the sanple point 2 has been provided as the
data D1, the hidden bit HB2 which has bee8-stored with respect to the

sanple point 2 is pro-

embodimemnt of Fig. 1, wavetorm data compressed by
the linear prediction coding system (LPC) is stored in
~ the waveform memory 10.

Waveform data to be stored in the waveform mem-
ory 10 may be data for wavelorm of one period or data
for wavelorm of plural periods. As is well known, in a
case where data for waveform of one period is stored,
tone wavelonm data of pirual periods can be obtained
by repeatedly reading out the wavefomm data of one pe-
riod. In a case where data of waveform of plural periods
is 1o be stored, data of tull waveform from the start of
sounding of a tone to the end thereo! may be stored or,
altematively, data of a full waveform of an attack portion
and data of waveform of plural periods of a sustain por-
tion 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 wavelorm of the attack
portion may be read out once 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 omit-
ted herein. For convenience of explanation, it is as-
sumed that in the embodiment of Fig. 1, a read address
control circuit for the former reading control system is
illustrated.

Description of the entire construcpion

Referring to Fig. 1, a keyboard 11 has a plurality of
keys for designating tone pitches of tones to be gener-
ated. A tone color selection operator 12 has a plurality
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vided as the potential hidden bit signal HB, so that the data HB2, H81,
HBO, x is |loaded and held in the shift register 69 in the sane nanner as
descri.bed above. When the next note clock pul se NCL has been pro- duced and
the data for the sanple point 3 has been pro- vided as the data D1, the
hi dden bit HB3 which has been stored with respect to the sanple point 3 is
provi ded as the potential hidden bit HB-hel the data HB3, HB2, HB1, HBO is
| oaded and held in the shift regster69 in the sane manner as descri bed
above. Thereafter, in this particular frane, the data HB3, HB2, HBl1, HBO is
held in the shift register 69 even when the note cl ock pul se NCL has been
produced, since the . .

of operators for designating tone colors of tones to be

generated. A microcomputer 13 detects depression and

release of keys and a tone:color selection state by scan-

ning the keyboard 11 and the tone color selection oper-

ator 12 and performs an operation for assigning key de-

pression information to any .of a plurality (8 in this em-

bodiment) of tone generation channels. The microcom-

puter 13 produces, for each channel, a key code KC rep-

resenting a key which has been assigned to one of the

tone generation channels and a key-on signal KON rep-

resenting whether the assigned key is still being de-

pressed 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 sup-

plied to a tone source circuit through an interface 14.

Theinterface 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 also provides the tone color
number data TN of the selected data and the louch data
TD. Inthe figure, in the tone source circuit shown on the
right side of the interface 14, various processing is per-
formed for 8 channels on a time shared basis in re-
sponse to data provided from the interface 14 and tone
waveform signals for 8 channels are produced on a time
shared basis. | |

An F number generation circuit 15 generates, in re-
sponse o the key code Kc supplied from the interface
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 is constructed, for exam-
ple, 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
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hi dden bit control signal HClL is "0" so that the output of the AND gate 66
does not becone "1". Thus, the 4-bit hidden bits HB3, HBl, HBO are re-
produced and held in the shift register 69.- These hidden bits are supplied
to the data length register 38 as the hidden informati on HD designating
data length of the next frame. Referring to Fig. 9, the data |length

regi ster 38 in- cludes an B-stage 4-bit-d@ift register 70 and a sel ector
71. To a "10" input of the the selector 71 is applied the initial data

|l ength data I LENG and to a "01" input of the selector 71 is applied the
above descri bed hidden infor- mation, i.e., data designating the data

| ength of the next o

pulse NCL. This note clock puise 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 incre-
ment, 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 generahon circuit 17 gen-
erates system clock pulses ¢ 1 and ¢ 2 and various other
timing signals TMS and supplies these signals to the re-
spective circuits and, in response to the key-on signal
KON supplied from the interface 14, also forms and out-
puts key-on pulses, KONP1 and KONP2 and a key-off
pulse KOFP. The system clock pulses ¢ 1 and ¢ 2 are
two-phase clocks and one period thereof corresponds
to a time slot width of one channel. The key-on pulse
KONP1 is a pulse which rises to *1* only once at a time
slot of a certain channel when the key-on signal KON
has risen from 0" to "1°, i.e., at the start of depression
of the key. The key-on puise KONP2 is a pulse which
rises 10 *1* only once at the time slot of the channel in
next time division channel cycle after the key-on puise
KONP1 has risen to "1*. The key-off pulse KOFP is a
puise which, when the key-on signal KON has fallen
from *1* 1o "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 da-
ta TD and the key code KC supplied from the interface
14, various parameter data for determining the tone
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frame, Further, to a "00" input of the selector 71 is ap- plied the output
of the shift register 70. To high order bits of a 2-bit control input of
the selector 71 is applied the first key-on pulse KONP1 and to | ow order
bits of this control input is applied the output of the AND gate 72. -29
- To the AND gate 72 are applied a frame change signal HC2 fromthe AND
gate 44 in Fig. 5 and the note clock puldd NCL According to this
construction, when the key-on

color of the tons to be generated, performing a touch
control and key scaling. Examples of parameter data
generated in consideration of the selected tone color,
key touch and key scaling are envelope setting data
EVD for setting envelope, start address data SA for des-
ignating waveform reading start adderss, initial data
length data ILENG for designating the data length of the
first frame and LPC coefficient data LPCP for demodu-
lating wavelorm data which has been compressed by
the linear prediction coding system to PCM code data.

An envelope generator 19 forms and outputs,
based on the key-on puises KONP1 and KONP2, key-
off pulse KOFP and the envelopa setting data EVD, en-
velope shape data ED for the respective channels on a
time shared basis. |

A data takeout and reproduction section 20 per-
forms, in response to the note clock puise 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 identifies the ad-
dress 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 ad-
dress signal CA. This address signal CA is a relative
address in a storage area storing waveform data corre-
sponding 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 address sig-
nal AD and this address signal AD is applied to the ad-
dress input of the waveform memory 10.

A read address control circuit 22 receives the start
address data SA generated by the parameter data gen-
eration circuit 18 and supplies this start address data
SAto the adder 21. In a case where data of a full wave-
form from the start of sounding of a tone tothe end there-
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pul se KONP1 is "1", the selector 71 selects the initial data |l ength data

| LENG of the "10" input and loads it in the shift register 70. In the next
cycle, the selector 71 selects the "00" input and hol ds the | oaded data

| LENG. The output of the shift register 70 is provided as the data | ength
designation data LENG to the respective circuits as described previously.
In the first frame, therefore, the initid -data | ength data | LENG produced
by the param eter data generation circuit 18 is used as the data |l ength
designation data LENG In this frane 0, as descri bed above, the hidden in-
formati on HD designating data |length of the next frane is supplied to the
sel ector 71. _ .
of is stored in the waveform memory 10 and is read out

only once, the read address control circuit 22 simply
functions to supply the start address data SA to the
adder 21. In a case where data of a full waveform of an
attack portion and data of waveform of plural periods of
a sustain portion are stored in the waveforrm memory 10
and the data of the waveform of the attack portion is read
out once sequentially from the start of sounding of the
tone to the end thereof and thereafter the data of the
waveform of piural periods of the sustain portion is re-
peatedly read out, the read address control circuit 22
performs a more complicated address control. This ad-
dress control however is well known, so that further de-
scription 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. : o ‘

The data takeout and reproduction section 20 re-
ceives 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 reproduc-
tion section 20 connects necessary data among read
out data and provides the connected data.

The data takeout and reproduction section 20 fur-
ther takes out data of *hidden bit* from among the data
of 16 bits which has been read from the waveform mem-
ory 10 and provides a set of data HBO to HB3 of 4 bits
by connecting these data of hidden bits and thereby ex-
poses the data length designation data LENG which has
been stored as "hidden information” in the waveform
memory 10. By utilizing this data length designation dala
LENG, data for one sample point of variable data length
is taken out of the data of 16 bits which has been read
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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"

i nput and loads it in the shift register 70. In the next cycle, the
selector 71 selects the "00" input and holds the | oaded data HD. In this
manner, in the second and subsequent franes, the hidden information HD
deS|gnat|ng the data | ength which has b&3n stored as hidden information
with the waveform data of the preceding frame is used as the data | ength
designation data LENG |Instead of generating the second key-on pul se KONP2
fromthe first cifromtthe’wavielosnmeddry 10nimthedirsOarmenydatg gener at ed

by del aying the fufghritfhia Yata length for one sample poinit is taken out
by utilizing the initial data length data ILENG supplied
from the parameter data generation circuit 18.

The wavelorm data for one sample point which has
been taken out in the above described manner is data
compressed according to the LPC coding system.
Therefors, the LPC coded waveform data which has -
been taken out of the data takeout and reproduction sec-
tion 20 is applied to a compressed data demodulation
circuit 23 and demcdulated thereby to normal PCM cod-
ed waveform data WD, This waveforn data WD is mul-
tiplied by 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 the waveform data
to the multiplier 24 is performed for the respective chan-
nels on a time shared basis. The output of the multiplier

- 24 isaccwnulatedbyanaccumulatorzsmrme respec- .
live channels dumg ‘one channel time division cycle
whereby tone ‘'waveform data for all channels is ob-
tained. 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 takeoutand reproduction section

20 in detail

Fig. 4 is a block diagram showing an example of the
intemal construction of the data takeout and reproduc-
tion section 20 The ndta clock pulse NCL which com-.
mands 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 adata length

register 38,
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pul se KONP1 by 8 system cl ock pul ses by the- 8-stage 1 -bit shift register
73 in Fig. 9. - 30 - An exanple of the conpressed data denodul ati on
circuit In a case where the wavef om data CAD whi ch has been taken out and
reproduced by the data takeout and reproduction circuit 20 is conpressed by
the linear pre- diction coding system (LPC), the conpressed data de-

modul ation circuit 23 shown in Fig 1 enpldys an LPC

The sample counter 30 counts the note clock puise
NCL and produces a sampie number SN which desig-
nates the number of a sample point to be reproduced
by a relative number within one frame. A specific exam-
ple of the sample counter 30is shown in Fig. 5. The sam-
ple counter 30 comprises an adder 40, an 8-stage 4-bit
shift register 41 and a gate 42 which gates the output of
thé shift register 41. The outputof the gate 42is provided
as the samiple number SN. This 4-bit sample number
SN identifies a relative sample number 0 - 15 within one
frame. The gate 42 is closed by the second key-on pulse
KONP2 and otherwise is in an open state. The reference
characters "8D" in the block of the shift register 41 de-
notes that the shift regisier 41 has 8 stages. The shift
_ register 12 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 sampile counter
30 is cleared once at the inital stage of key depression
by the second key-on pulse KONP2 and thereafter
counts the note clock puise NCL and thereby generates
the sample number SN designating the number of the
sample peint 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 cir-
cuit 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 this hidden bit control signal gen-
eration circuit 31 is shown in Fig. 5. The circuit 31 com-
prises a NOR gate 43 to which MSB 53 and the second
highest order bit S2 of the 4-bit sample number SN are
applied and an AND gate 44 to which all bits S3, S2, St
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denodul ation circuit. In this case, the conpressed data denodul ati on
circuit 23 can be constructed of an LPC denodul ation circuit as shown in
Fig. 11 or 12. In the figures, reference characters 78 and 79 designate
lim iters, 80 to 84 adders, 85 to 92 multipliers, 93 to 100 8-stage shift
regi sters and a0 al, b0, bl, aO toa3 LPC coefficients, .respectively. Fig.
11 shows an exanple of an LPC denodul at+d&-circuit of two stages and Fig.
12° shows an exanpl e of an LPC denodul ation circuit of one stage. The nethod
of storing and reading data in and fromthe nenory according to the

i nvention is preferable be- cause it enhances saving of the nenory capacity
further

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 NOR gate 43 is *1°
but otherwise the output of the NOR gate 43 is "0°. The
output of this NOR gate 43 is supplied to the other cir-
cuits 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 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 tumed to *1*
and this signal is supplied to the other circuits as a frame
change signal HC2. . :

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 accu-
mulates this data at each timing of the note clock pulse
NCL. This modulo number 16 corresponds to the bit
number 16 of one address in the memory 10. Accord-
ingly, the count value of the data length counter 32 des-
ignates a border of the data of variable data length in

‘the memory address. '

A specific example of the data length counter 32 is
shown in Fig. 6. The data length counter 32 comprises
an adder 45, a selector 46 which receives result of ad-
dition 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 synchro-
nism 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" input 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
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when it is used in conbination with such data conpres- sion technique. In
this case, the data conpression neth- od is not limted to the LPC system
but any ot her system such as DPCM ADCP and delta nodul ati on may be em

pl oyed. Further, the present invention can be of course applied to a case
where thedata conpression technique is not enployed. O her enbodinments In

t he above described enbodi nment, the preskht in- vention is applied to
generation of tone waveform data. The present .invention can al so be applied
to generation of various data in an electronlc musi cal instrunment such as

generation of envglope shapgeergiéﬁlrta eéo( d?%-?)r d sélects and hoids a

count applied to its “0" input when the note clock puise
NCL has not been produced ( = "0%).

According to this construction, the data length coun-
ter 32 is cleared once at the initial stage of key depres-
sion by the second key-on puise KONP2 and thereafter
accumulates the data length designation data LENG
each time the note clock pulse NCL has been 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 bils HBO to
HB3. For enabling actual data length to be added at the
sample points including the hidden bits HBO to HB3, the
hidden bit control signal HC1 is applied to a carry-in in-
put Cin of the adder 45 so that 1 addition is added fora
hidden bit. The count output of the data 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 sam-
ple point to be taken out is stored.

Inthe case of Fig. 3, for example, the pull out pointer
POP of the first sample point 0 designates "0*, i.e., LSB
0 in the memory address, by clearing by. the key-on
pulse KONP2. Upon arrival of a timing of the next note
clock puise NCL, addition of | is made in the adder 45
due to 11 of the data length data LENG and 1 of the
hidden bit control signal HC1, 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 be-
comes B. Bit 8 of the memory address therefore is des-
ignated. In this manner, the pull out pointer POP desig-
nates a bit position in the memory address at which LSB
of the data for one sample point is stored.
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-31 - the tone volune |level, generation of envel ope shape da- ta for
perform ng various controls, generation of filter co- efficient data,
generation of other tone color setting data and generation of after-touch
data and press data of a sequencer. In the above described enbodi nent, it
IS necessary in the data takeout and reproduction section 20 to per- form
mul ti-stage processing stages includi ng-4&mpl e counting, data |ength
counting, address counting, data

The signal of the carry output Cout of the adder 45
is provided from the data length counter 32 as an ad-
dress increment pulse ADINC. '

The address counter 33 performs address counting
for accessing the waveform memory 10 in response to
the address increment pulse ADINC and the note clock
puise 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 puise
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 puise
ADINC, an adder 51 which receives the output of the
AND gate 50 at one input thereof, a gate 52 which 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 syn-
chronism 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 puises
KONP1 and KONP2 are applied to the NOR gate 54 and
the gate 52is controlied by the output of the gate 54.

The timing at which a carry output is produced from
the adder 45 in the data length counter 32 is delayed by
8 system clocks from the timing of the note clock pulse

NCL dus to the delay in the shift register 47. For syn-
chronizing with this timing, the note clock pulse NCL is
delayed by 8 system clocks by the shift register 49. Ac-
cordingly, 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
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position reproduction and hidden bit reproduction and these nulti-stage
processi ng stages are perforned at a timng of one sanple. For this
requirenent, tine for one sanple nay have to be sufficiently long. For
solving this problem processing over plural sanpling timngs in the sane
channel tim ng may be advant ageously executed by a pipe |ine processing
met hod whereby time for one sanple can b#8shortened and the data readi ng
speed can be increased. In the above described enbodi nent, there are three
aspects of the invention, nanely (1) the aspect of the invention according
to which desired plural data of var- iable data |length are stored and one

of the plural data g *1* and the address counter 33 counts up one ad-
dress. In the address counter 33, the output of the gate
52 is provided as the address signal CA.

inthe case of Fig. 3, for example, the address signal

CA initially designates "0°, i.e., memory address AO by
clearing by the key-on pulses KONP1 and KONP2 and
the data of 16 bits stored at this address AQ 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 .
length 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 fur-
ther added in the adder 45 and the carry output Cout -
therefore becomes *1". The address increment pulse -
ADINC which s *1" and the note clock pulse NCL which
has been delayed by 8 system clocks are applied to the
AND gate 50 thereby causing the address counter 33 to
count up. The address signal CA therefore designates ..
*1%, i.e., the memory address A1 and the data of 16 bits
stored at this address is read out. On the cother hand,
the output of the adder 45 is not selected by the selector .
486, 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
AQ and Al, the pull out pointer POP designates the bit
12 at the address AO 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 A1.
In other words, the address signal CA precedes the pull
out 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
' Thkistherephcementshee{
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I's accurately taken out, (2) the aspect of the invention according to which
single data is stored over plural ad- dresses 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 di- vided plural
data are stored between other data in dis- persed form as hidden

I nformation and this hidden in- formation is accurately reproduced from
anong read out data, and these three asplcts of the invention are com

bi ned together in this enbodi nent. Hower, even if one

two addresses and the pull out pointer POP.designates
LSB of the data to be taken out to the temporarily held
data read from the preceding address. '

The data position reproduction circuit 34 receives
data RD of 16 bits read which has been read from the
waveform memory 10 and performs (a) a function of re-
producing data for one sample point stored over two ad-
dresses after assembling it to a set of data and (b) a
function of executing a pretreatment for taking out a nec-
essary portion oniy of the data for one sample point of
variable data length from among data of 16 bits by ex-
ecuting a processing for aligning the bit position of the
data to LSB of the dala of, variable data length.

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 blts whlch has been read from the
waveform memory 10. Th;s read ‘out data RD is applied
toa®0"inputofa selector 56. The output of the selector
56 is applied to an 8-stage 16-bat shift register 57 and -
the output of the shift reglster 57 is appliedto a "1* input
of the selector §6 and dlso to lower 16 bit.inputs of the
shifter §5. The note cbck puise NCL and the key-on
pulse KONP1 are applied toa NOR gate 58 and, when
the output signal of the NOR: gata 58 is "0, the "0” input
of the selector 56 is selected and, when the output signal
of the NOR gate 58 is 1", the "1° input is selected. -

To a control input of the shifter 55 is applied the pull
out pointer POP from the data fength counter of Fig. 6.
This pull out pointer POP designates a bit which corre-
sponds to the LSB of the data to be taken out 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

This is the replacement sheet

Date: 02 0CT 1938



- 32 - of these aspects is carried out singly, the benefit of effi- cient
utilization of the data menory device resulting in achieverment of a nore
conpact circuit design and re- duction in the manufacturing cost will be
obtai ned. The invention, therefore, need not necessarily be carried out in
the formin which these three aspects are conbi ned together but each of

t hese aspects of the invention may be carred out alone. In the case of
carrying out the aspect (1) of the in- vé@®¥4 on, the data length desi gnati on
data need not be stored in the form of hidden bits but may be stored in the

same manner as ordinary data. In that case, the

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 deter-
mined as the LSB of the 16 bit paralle! output data and
16 bit includingthis bitand higher bits is taken out. When
POP is 12, the thirteenth bit from the LSB of the 32 par-
allel 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.

In the 32 bit parallel input of the shifter 55, 16 high
order bits are the data RD which is currently read out
and 16 low order bits which are supplied from the shiit
register 57 are data which have been read from the im-
mediately preceding address. Data which have been

‘read from the two addresses are loaded side by side in
.the shifter 55-and, in a case where data for one sample
: ponnt is stored in two addresses. necessary data for one
“sample point can be taken, out of 32 bit paraliel data of
- the two addresses stored m the shifter 55. :

Since the pull out pomler POP designates LSB of

data of .variable data. Iength 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
outas LSB of 16 bit parallel output data. By this method,
a pretreatment for taking out a necessary portion only
of data of variable data Tength for one sample point from
16 bit data can be realized. '

Referring to Fig. 3, for example, the address signal
CA becomes *0° by clearmg the address counter 33 of
Fig. 6 when the first key-on_ pulse KONP1 has been pro-
duced and data is thereby read from the address AO.
The selector 56 salects data RD read from the address
AQ in response to the output “0° of the NOR gate 58 and
the selected data RD is loaded in the shift register 57.
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menory storing the data | ength designation data may be the same nenory
storing proper data (a part of the storage area of this nenory is utilized)
or a different nmenory. For exanple, the data | ength designation dat
stored in a cash nmenory in a tone source circuit. The data |length

desi gnation data may al so be stored in a conpressed form
storing data length in a nenory, data | en

suita- ble desingation neans. In the abo%g descri bed enbod- inent.
l ength is designated franme by frane. Alter- natively, data |length may be

for each individual

data. The length of franes need not be constant

be different fromone another. In that case, data designat-

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 Irom
the address AO is held. The pull out pointer POP at this
time is "0° so that 16 low order bits of the input data in
the shifter 55, i.e., the read out data from the address
AO held in the shift register 57, is directly selected and
taken out. This data includes the data for the sample
point 0 in its 12 low order bits. In other words, the data
for the sample point 0 to be taken out first is taken out
in its entirety with its LSB being aligned with the LSB of

.the 16 bit output. This arrangement is schematically il-

lustrated in Fig. 10a.

Then, upon generation of the note clock pulse NCL,
the pult out pointer POP becomes "12* upon lapse of 8
system clocks thereafter as described above and the

- address signal CA changes to address A1 (see Fig. 6).

Since, however, the note cicok 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 tums to "0° by this note clock pulse NCL and, there-
fore, the read out data RD from the address AO is se-
lected by the selector 56 and stored in the shift register
57. Accordingly, when the read address of the waveform
memory 10 has changed to A1 8 system clocks there-
after and the read out data RD from the address A1 is
applied to 16 high order bits of the shifter 55, preceding
read out data from the address AO is supplied from the
shift register 57 to 16 low order bits. In this manner, read
out data from two consecutive addresses are arranged
in parallel in the input of the shifter 55. At this time, the
pull out pointer POP is *12" designating the LSB position
of the data for the sample point 1 at the preceding ad-
dress AO. Therefore, data of 16 bits with its LSB corre-

spondlng to the LSB of the data for the sample point 1
This is the rep
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ing the length of a frame to which a particular data length is applied may
be stored or designated together with the data | ength designation data. The
data | ength designa- tion data need not be 4 bits but nay be other suitable
bits. In carrying out the aspect (2) of the invention, data | ength need not
be variable but may be fixed. Such fixed data | ength is advantageous in a
case, for exanple, where the fixed data bit nunber for one sanpl e exceeds
the bit nunber of one address. In that <c¥e, data nust be stored over

plural addresses for each address. \Wen

is taken out of the shifter 55. 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 separate-
ly 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 pro-
vided by the shifter 55. Since this 16-bit data D1 may
contain unnecessary data on its higher bit side, the ob-
ject 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 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 separation 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 as data D2 to the
data adjustment circuit 36. The data adjustment circuit
36 is provided for taking out the object data for one sam-
ple point having variable data length only from the data
D2. A 1-bit potential hidden bit signal HB (thisis a signal
which has possibility of being one of the hidden bits HBO
to HB1) which has been separated by the hidden bit sep-
aration circuit 35 is applied to a hidden bit reproduction
circuit 37. Ths hidden bit reproduction circuit 37 repro-
duces, in responsa 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
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the fixed data bit nunber for one sanple point is smaller than the bit
nunber of one address, the capability of storing the data over plural
addresses i s advantageous in that the data can be stored as closely as
possible. In that case, data will be stored over plural addresses at a
frequency of once per several sanples. The nunber of addresses over which
data for one sanple is stored need not be 2 but nay be 3 or nore. The

hi dden bit or data | ength designation dat 33i~s not al ways necessary. The
manner of reading data from plural addresses over which data for one sanple
Is stored is not limted to that of the above descri bed enbodi nent

according to which
described above, in this embodiment, data length des-
ignation information for the next frame is stored as the
hidden information HD. The reproduced hidden informa-
tion HD, i.e., data length designation information for the
next frame, is supplied to a data length register 38.
Aspecific example each of the hidden bit separation
circuit 35 and the data adjustment circuit 36 is shown in-
Fig. 9.
In this embod‘tment data length, i.e., size, of net
. waveform data is variable data length in the range of 2
bits to 15 bits. Accordingly, maximum data length of ef-
fective datad is 16 bits when it includes a hidden bit and
15 bits when it does not include a hidden bit. Therefore, .
the maximum data length of the effective data ot the data
D1 which may include a hidden bit is 16 bits and, forthis.
reason, this data D1 is taken out as 16 bit data. The
maximum data length of the effective data of the data
- D2 after sepatatlon of the hidden bit is 15 bits. '
In Fig. 8, the hidden bit §eparation circuit 35 is made
of a selector 59 to which lower 15 bits of the data D1 are’
applied to its "0° input and upper 15 bits are applied to
- its *1" input. The selector 59 receives the above de-
scribed hidden bit control signal HC1 (see Fig. 5) at its
selection control input and selects “1° input when HC1
is "1* and selects *0" input when HC1 is 0. When,
therefore data for the first four sample pomts in the
frame including the hidden bits HB1 to HB3 is to be taken
out, the upper 15 bits of the data D1 are selected by *1*
of HC1 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 otherhand,
data for a sample point which does not include the hid-
den bits HBO to HB3 is to be taken out, lower 15 bils of
the data D1 are selected by “0° of HC1. This 15-bit data
also Is sufficient for securing effective data of the above

described net waveform data.
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data is sequentially read out address by address and read out data of
precedi ng address is tenporarily stored in a buffer, but data of plural
addresses nmay be read out on a tinme shared basis at the sane sanple timng.
In carrying out the aspect (3) of the invention, con- tents of hidden
informati on stored by hidden bits are not |imted to the information
designating data length as in the above_descri bed enbodi nrent but nmay be any
type of information. Contents of hidden2 nf ormati on nay be either rel ated
or not related to proper data to be stored. For exanple,data of the PCM
system may be stored as proper data to be stored in floating-point

representation and 1 ie*{BYPHbE Havilbhin datD2 Which had 8x&ftdlY
ed the hidden bit is applied to the data adjustment circuit
36. As was described previously, this data D2 may con-
tain not only the object waveform data for one sample
point but also waveform data for next sample point.

If the object waveform data for one sample point is
laken 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 adjustmentcir-
cunt 36 therefore adjusts the taken out data to the data
‘size of 15-bitfixed data length For this purpose, the data
adjustment circuit 36 takes out the object wavelorm data
for one sampie point from the data D2 first and, when
the taken out waveform data for one sample point does
not salisfy the data size of 15-bit fixed data length, ex-
ecutes 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
in 15 output lines of the decoder 61 becomes a signal
“1°. By this ouptut of the decoder 61, the position of the
sign bit SB to be taken out in the sign bit takeout circuit
60 is designated. When, for example, the data 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 of
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
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means of hidden bits. Alternatively, conpressed data nay be stored as
proper data to be stored and data re- lating to data conpression may be
stored by neans of hidden bits. Further, filter coefficients of a digital
filter and other paraneters nmay be stored by neans of hid- den bits.
Control data relating to tone volume or control data relating to pitch may
al so be stored by neans of hidden bits. A unit of hidden information is not
limted to one bit in a dispersed p05|tﬂ3iT'but hi dden i nformati on may be
stored in a dispersed formby plural bits as a unit

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 se-
lector 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 provided by the sign bit takeout circuit
60 is applied commonly to bit-by-bit inputs 1B to 138 of
the selector 62. The bit-by-bit selection control in the se-
lector 62 is achieved by signals supplied on 13 signal
lines from a select signal generation circuit 64. The se-
lect signal generation circuit 64 provides, in response to
the output signal of the decoder 61, a selection cotrol
signal *1* in correspondence to all of hager order bnts
from the bit position of the sign bit SB.
Assume, for example, that the sign brt SB is the bit
1 which is the sacond lowest bit in the data D2. In this
case, signals on the 13 slgnal lines of the select signal
generation circuit 64 become "1°and the blt-by-blt inde-
pendent selector 62 selact the sign bit SB o{ 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 low order signal line of the selact
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 da-
ta of the A input 1A at the bit 1 and the sign bit SB of the
B inputs 2B to 138 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 sig-

nals on 11 high order signal lines become *1° and the
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-34- or different nunbers of bits nmay be used as a unit of hidden
i nformati on such as one bit at one address and two bits at another address.

A hidden bit may be ununi -
and does not exist at anot her address.

formy stored such that it exists at one address
A hidden bit may al so be stored

regul arly every certain nunber of addresses or nmay be stored regularly
t hroughout all addresses. Prop- er data _to be stored is not limted to data

of variable data length as used in the~

dve descri bed enbodi ment but may

be data of fixed data I ength. The bit nunber of hid- den information is not
The present invention can be applied not only to a

l[imted to 4 bits.

bit-by-bit independent selector 62 selacts waveform da-
ta of the A inputs 1A and 2A at the bils 1 and 2 and
selects the sign bit SB of the B inputs 38 to 138 at the
bits 3 to 13. Similarly, as the position of the sign bit SB
is shifted, the mode of bit-by-bit selection is also shifted
and, as a result, the object waveform data for one sam-

ple point is selectively taken out and data of other sam-.

ple point is excluded to expand the sign bit SB instead
of it.

The 15-bit data conéis'ting 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 load--

ed therein at a timing of rising of the system clock pulse
¢ 2. This timing of rising of the system clock pulse ¢ 2

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 in-

- occurs within one time slot of the time division channel

cludes 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 €6, a selector
68 which is controlled by the output the OR gate 67 and
an 8-stage 4-bit shift register 69 which receives the out-
put of the selector 68. The ouptut of the shift register 69
is applied directly to a "0" input of the selector 68. To the
MSB of 4 bits of *1° input of the selector 68 is applied a
signal of the LSB of the data D1, i.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 shtmng the output of the shift register 69 by
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conpl eted el ectronic nusical instrunment but also to a nodul ed part of an

el ectronic nusical instrunent. The invention can also be applied to a

devi ce whi ch has no keyboard or switch nmeans for selecting a tone but gen-
erates a tone by inputting code information. The inven- tion can al so be
applied to a device which has no tone signal generation unit or a

| oudspeaker for acoustically sounding a tone but generates data relating to
formng or controlling of a tone signak27Fus, it will be understood that
the term"el ectronic nusical instrument” covers a broad range of devices.
As described in the foregoing, according to the in- vention, data | ength of

data to be stored i ngaq'Bit'?s YhbJowar 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 0 which has been read out from the address AQ by
address clearing by the first key-on pulse KONP1 which
was produced one cycle befors is provided while the hid-
den 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, ex-
planation 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 register 69 is held by the shift
register 69 through the *0° input of the selector 68.

Then, when the note clock pules NCL has been pro-
duced and data for the sample point 1 has been given
as the data D1, the output of the AND gate 66 is tumed
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 HC1, see Fig. 5) and,
as a result, the output of the OR gate 67 is tumed to *1°
and the *1° input of the selector 68 is thereby selected.
At this time, the hiddan bit HB1 which has been stored
with respect to the sample point 1 is provided as the po-
tential 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 output of the OR gate 67 becomes “0° and the
data HB1, HBO, x, x which has been loaded in the shit
ragister 69 is held therein through the °0° input-of the
selector 68.
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not fixed but made vari able as desired, so that storage cells of the nunber
necessary for effective bis of the data only are occupi ed and unnecessary
storage cells is not occupied. Accordingly, enpty storage cells can be
utilized for storing other data w thout being wastefully occupi ed, which
will contribute to efficient use of a nem ory. Further, since data |length
of data to be taken out of a nenory is d@8ignated, object data only can be
selec- tively taken out of the nmenory in accordance with the designated
data length, so that necessary object data only can be taken out w thout

any problemin spite of the fact that the data has variable data | ength.

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 whichrhas
been stored with respect to the sample point 2 is pro-
vided as the potential hidden bit signal HB, so that the
data HB2, HB1, HBO, x is loaded and held in the shift
register 69 in the same manner as described above.

When the next note clock puise NCL has been pro-
duced and the data for the sample point 3 has been pro-
vided as the data D1, the hidden bit HB3 which has been
stored with respect to the sample point 3 is provided as
the potential hidden bit HB and the data HB3, HB2, HB1,
HBO is loaded and held in the shift regster 69 in the same
manner as described above.

Thereatfter, in this particular frame, the data HBS3,
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 HC1 is "0° so that the output of

‘the AND gate 66 does not become *1°..

Thus, the 4-bit hidden bits HB3, HB1, HBO are re-
produced 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 in-
cludes an B-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 hidden infor-
mation, i.e., data designating the data length of the next
frame, Further, to a "00" input of the selector 71 is ap-
plied the output of the shift register 70. To high order bits
of a 2-bit control input of the selector 71 is applied the
first key-on pulse KONP1 and to low order bits of this
control input is applied the output of the AND gate 72.
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Clains 1. A data generation device conprising: nmenory nmeans (10) for
storing plural itens of data for realizing a given waveform and reading
means for reading data of a predeter- mned nunber of bits fromsaid menory
means (10) in accordance with an address signal (AD). characterized In that
each of said plural itenms of data stored in said nenory nmeans (10)
represents a single data val ue having a- @8sired variabl e number of bits,

To the AND gate 72 are applied a frame change signal
HC2 from the AND gate 44 in Fig. 5 and the note clock
pulse NCL.
According to this construction, when the key-on
pulse KONP1 is *1*, the selector 71 selects the initial
~ data length data ILENG of the *10" input and loads it in
the shift register 70. in the next cycle, the selector 71
selects the "00" input and hoids the loaded data ILENG.
The output of the shift reglster70 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 param-
eter data generation circuit 18 is used as the data length

designation data LENG.
In this frame 0, as described above, the hidden in-

formation 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 tumed to *1* and the selector 71 selects
the hidden information HD at the "01" input and loads it

_in the shift register 70. In thé next cycle, the selector 71
- selects the "00" input and holds the loaded data HD. In
this manner, in the second and subsequent frames, the
hidden information HD designating the data length
which has been stored as hidden information with the
waveform data of the preceding frame is used as the
data length designation data LENG. '

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 key-on
puise KONP1 by 8 system clock puises by the 8-stage
1-bit shift register 73 in Fig. 9. :
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and each itemof data is stored in a nenory | ocation corresponding to at

| east one nenory address of said nenory neans (10), with each nenory
address corresponding to a predeter- mned plurality of bits, and that said
data generation device further com prises: data | ength designation nmeans
(32) for desig- nating the nunber of bits corresponding to each item of
data to be retrieved in sequence from 13 mrenory neans (10), wherein the
designat- ed nunber of bits may include a nunber other than a multiple of

t he nunber of said predeter-

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 pre-
diction coding system {LPC), the compressed data de-
modulation 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. in the
figures, reference characters 78 and 79 designate lim-
iters, 80 to 84 adders, 85 to 92 multipliers, 93 to 100
8-stage shift registers and a0, a1, b0, b1, 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. T

The method of storing and reading data in and from
the memory according to the invention is preferable be-
‘cause it enhances saving of the memory capacity further
when it is used in combination with such data compres-
sion technique. In this case, the data compression meth-
od is not limited to the LPC system but any other system
such as DPCM, ADCP and delta modulation may be em-
ployed. Further, the present invention can be of course
appliedtoacase wherethedata compression technique
is not employed.

Other embodiments

In the above described embodiment, the present in-
vention is applied to generation of tone wavelorm 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
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mned plurality of bits, and takeout neans (20) for selectively taking out
necessary itens of data fromsaid data read out fromthe nenory neans (10)
i n accordance with the designated nunber of bits, so that a - 36 -
sequence of said itens of data for realizing said given waveform whose
nunber of bits chang- es in |apse of tinme in the process of realizing said
gi ven waveform 1is reproduced. -31-

the tone volume level, generation of envelope shape da-
ta for performing various controls, generation of filter co-
efficient 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 per-
form 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
timing of one sample. For this requirement, time for one
sample may have to be sufficiently long. For solving this
problem, processing over plural sampling timings in the
same channel timing may be advantageously executed
by a pipe line processing method whereby time for one
sampie 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 var-
iable data length are stored and one of the plural data
is accurately taken out, (2) the aspect of the invention
according to which single data is stored over plural ad-
dresses 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 di-
vided plural data are stored between other data in dis-
persed form as hidden information and this hidden in-
formation is accurately reproduced from among read out
data, and these three aspects of the invention are com-
bined together in this embodiment. Howver, even if one
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2. A data generation-device as defined in claim1 wherein: said nenory
means (10) has a plurality of nenory addresses of fixed bit |ength, the
items of data having a variable nunber of bits being stored at the nenory
addresses, and each of the nmenory addresses is accessed by an ad- dress
signal (AD), and said takeout neans (20) conprises address generation neans
(33) for generating an ad- dress signals32R response to a data readout
command, by determ ning at | east one address for readi-ng a necessary item

of data fromsaid
- of these aspecls is carried out singly, the benefit of effi-
cient utilization of the data memory device resulting in
achievement of a more compact circuit design and re-
duction in the manufacturing cost will be obtained. The
invention, therefore, need not necessarily be carried out
in the form in which these three aspects are combined
together but each of these aspects of the invention may
be carried out alone.

In the case of carrying out the aspect (1) of the in-
vention, the data length designation data need not be
stored in 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
be 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, daia length may be designated by other suita-
ble desingation means. In the above described embod-
iment, data length is designated frame by frame. Aller-
natively, 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 designat-

- ing 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 designa-
tion 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 fixed
data length is advantageous in a case, for example,
wherae 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 for each address. When
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menory neans (10) in accordance with the designated nunber of bits, data
stored in said nenory neans (10) being read out fromsaid nenory neans (10)
by the generated address signal (AD), and data adjustnent neans (36) for
taki ng out data corresponding to the desig- nated nunber of bits from

out put data corre- sponding to the designated nunber of .bits from out put
data (RD) of said menory neans (10) whici83has been read out by the address
signal (AD). 3. A data generation device as defined in claim?2, wherein

sai d data adjustnent neans (36) adds,

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
frequency 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 abuffer, 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, con-
tents 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 relate_g or not related to proper data to be stored.
For example, data of the PCM system may be stored as
proper data'to be stored in floating-point representation
and its exponential section data may be stored by
means of hidden bits. Atematively, compressed data
may be stored as proper data to be stored and data re-
lating to data compression may be stored by means of
hidden bits. Further, filter coefficients of a digitat filter
and other parameters may be stored by means of hid-
den 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
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when the—ﬁﬂwm the data (RD) which has -37 - been taken out
Is | ess than a predeterm ned refer- once bit | ength nunber of bits, a data

bit or b ‘ Hasmeﬁp ng to the deficiency with respe to the ref-
erence bi of bits to thereby ultimate- |y Ifﬁg%mt%@@
havi ng a h nunber of bits corresponding to theREﬂfA%rEE Cé

| ength. 4. A data ge ation device as ddfi-ned in clai m¥

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 ununi-
formly 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. Prop-

er dala 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 bil number of hid-
den information is not limited to 4 bits.

The present invention can be applied not only to a
completed electronic musical instrument but also to a
moduled part of an electronic musical instrument. The
invention can also be applied to a device which has no
keyboard or switch means for selecting a tone but gen-

" erates a tone by inputting code information. The inven-

" tion 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 in the foregoing, aceordng to the in-
vention, 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 amem-
ory. Further, since data length of data to be taken out of
a memory is designated, object data only can be selec-
tively taken out of the memory in accordance with the
designated data length, so that necessary object data
only can be taken out without any problem in spite of the

fact that the data has variable data lenth. |
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wherein itens of data to- be stored in the nenory neans (10) are grouped
into plural data groups and wherein the nunber of bits of itens of data is
such t hat "a common nunber of bits is used for plural itens of data

belonging group and said data | ength designati on neans
(38) desi 'ﬂmmﬂ iml Em}yits for each of the data groups. 5. A data
generati on «devi ce as ed inclaim1l-@%rein said data | ength

desi gnati on neans (38) stores information designating the nunber of bits of
data itens stored in said nenory nmeans (10), reads out the information

designating the nunber of bits of certain data itenms prior to taking out
the data Claims

1. Adata generation device comprising:

memory means (10) for storing plural items of
. data for realizing a given waveform, and .

reading means for reading data of a predeter-
mined number of bits from said memory means
(10) in accordance with an address signal (AD),

charactérlzed In that

each of said plural items of data stored in said
memory means (10) represents a single data
value having a desired variable number of bits,
and each item of data is stored in a memory
location corresponding to at least one memory
address of said memory means (10), with each
memory address corresponding to a predeter-
mined plurality of bits, and

that said data generation device further com-
prises:

data length designation means (32) jor desig-
nating the number of bits corresponding to each
item ol data to be retrieved in sequence from
the memory means (10), wherein the designat-
ed number of bits may include a number other
than a multiple of the number of said predeter-
mined plurality of bits, and

takeout means (20) lor selectively taking out
necessary items of data from said data read out
from the memory means (10) in accordance
with the deslgnated number of bits, so that a
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I tens from~sa+—d—n%nnry_rxeaas (10), and thereby designates the nunber of

bits of t ata itens in taking out the data itens from said nenory neans
(10). 6. , mm HHLdew ce as defined in claimb5 wherein the

|nformat|o nunber of bits is stored in a part of a storage
area of sald rrem or ahs (10). 7. A data generation device as defined in

claim5 wherein the |nforrrat|on desi gnat-i36- t he nunber of bits is stored in
a nmenory circuit other than said nenory nmeans (10).

sequence of said items of data for realizing said
given waveform, whose number of bits chang-
es in lapse of time.in the process of realizing
said given waveform, is reproduced.

2. A data generation device as defined in claim 1
wherein:

said memory means (10) has a plurality of
memory addresses of fixed bit length, the items
of data having a variable number of bits being

~ stored at the memory addresses, and each of
the memory addresses is accessed by an ad-
dress signal (AD), and

said takeout mearis (20) comprises address
generation means (33) for generating an ad-
dress signal, in response to a data readout
command, by detemmining at least one address
for reading a necessary item of data from said
memory means (10) in accordance with the
designated number of bits, data stored in said
memory means (10) being read out from said
memory means (10) by the generated address

_signal (AD), and data adjustment means (36)
for taking out data corresponding to the desig-
nated number of bits from output data corre-
sponding to the designated number of bits from
output data (RD) of said memory means (10)
which has been read out by the address signal
(AD). |

3. A data generation device as defined in claim 2,
wherein said data adjustment means (36) adds,
“ when the number of bits of the data (RD) which has
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- 38 - 8. A data generation device as defined in claim1 wherein data to be
stored i n said-merory meEans (10) Is tone waveform data for an el ectronic

musi cal instrune em specifies a sanple value of a tone
waveform 9- @\m;ﬁﬁm device as defined in claiml wherein data to
be stored in ky sreans (10) is envel ope shape data for an

el ectronic rmusi- cal instrument and eacB7irtem specifies an envel ope val ue

for a tone. <
| been taken out is less than a predetermined refer-
ence bit length number of bits, a data bit or bits.cor-
responding to the deficiency with respect to the rel-
.. -erence bit length number of bits to thereby ultimate-
ly take out data (RD) having a fixed bit length
number of bits corresponding to the reference bit
. length.

4. A data generation device as defined in claim 2
wherein items of data to be stored in the memory
means (10) are grouped into plural data groups and

wherein the number of bits of items of data is such
that a common number of bits is used for plural
items of data belonging to the same data group and
said data length designation means (38) designates
number of bits for each of the data groups.

§. A data generation device as defined in claim 1
wherein said data length designation means (38)
stores information designating the number of bits of
data items stored in said memory means (10), reads
out the information designating the number of bits
of certain data items prior to taking out the data
items from said memory means (10), and thereby
designates the number of bils of the data items in
taking out the data items from said memory means
(10). -

6. A data generation device as defined in claim 5
wherein the information designating the number of
bits is stored in a part of a storage area of said mem-

ory means (10).

7. A data generation device as defined in claim 5
- wherein the information designating the number of
bits is stored in a memory circuit other than said

memory means (10).
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10. A data generation device as defined in claim1l wherein data to be
stored in said nmenory means—10) is paraneter data for - -controlling tone to-

be gen- erat eﬂ erating systemand each item specifies a
par anmet er val m)m Hwﬁ”gjr A data generation device as defined in
claim1l1 whereih the D flcant bit of the itemof data may be | ocated

at any bit position within a particul ar -238& ess, said data generation
device further com prises point out neans for poi nting out a bit position
wi thin an address of the nost significant Wit or at least significant bit -
of a data itemto be taken out of the nenory neans (10), and said takeout

reans 8. A data generation device as defined in claim 1
wherein data to be stored in said memory means
(10) is tone waveform data for an electronic musical
instrumant and each item specifies a sample value
of a tone waveform.

9. A data goneration device as defined in claim 1
wherein data to be stored in said memory means
(10) is envelope shape data for an electronic musi-
cal instrument and each item specifies an envelope
value for a tone.

10. A data ganeration device as defined in claim 1
wherein data to be stored in said memory means
(10) is parameter data for controlfing tone to be gen-
erated by a tone generating system and each item
Specifies a parameter value for atone.

1. A data generation device as defined in claim 1
wherein tha most significant bit of the item of data
may be located at any bit position within a particular
address, said data generation device further com-
prises point out means for pointing out a bit position
within an address of the most significant bit or at
least significant bit of a data item to be taken out of
the memory means (10), and said takeout means
takes out the item of data having said variable
number of bits from the memory location in accord-
ance with tha position which has been pointed out
by said point out means.

12. A data generation device as defined in claim 11
‘wherain the number of bits of saiddata item is larger
than the number of bits of one address of said mem-
ory means (10). -
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takes out the item of data having said variable nunber of bits fromthe
rrem)ry Iocal_l on. Ln_acco;d— ance vmth the position which has been pointed
said point out nea ta generation device as defined in

cIa|m11 \Aﬂmﬂmmg ﬂ@ f bItS of said data itemis larger than the
nunber of s of said nem ory neans (10). 13. A data
generation devi‘ce "as defined in claim 1t 3herein the nunberof bits of said
data itemis small -

13. A data generation device as defined in claim 11
wherein the number of bits of said data item is small-
er than the number of bits of one address of said
memory means (10).

14. A data generation device as defined in claim 11
wherein said takeout means (20) includes means
- for adding, when the number of bits of the data item
which has been taken out by said takeout means is
less than a predetermined reference number of bits, -
additional data bits fo enable data of fixed data
length having the reference number of bits to be ul-
timately produced.

15. A data generation device as defined in claim 11
wherein said takeout means (20) includes reading
means for reading out all bits of plural addresses
over which said data item is stored, wherein said
takeout means arranges all of the bits serially and
takes out a necessary segment of bits in response
to the position pointed out by said point out means.

16. A data generation device as defined. in claim 11
whaerein said memory means (10) stores plural data
items having a desired variable number of bits,
wherein the data generation device further compris-
es data length designation means (38) for designat-
ing a number of bits of a data item to be taken out
from the memory means (10).
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er than the nunber of —bi-ts—of one address of said nenory neans (10). 14. A

dat a gene m" defined in claim 1l wherein said takeout neans
(20) incl 'mu EHJ' @lﬂﬁ di ng. when the nunber of bits of the data item
whi ch has been ta y said takeout heans is |ess than a predeterm ned
reference number of bits, additional data bits to enable data of fixed data
| ength having the reference nunber. of bi40sto be ul- timately produced. 15.

A data generation device as defined in claim 11l wherein said takeout neans
(20) includes reafi'tng\ @ﬁﬁsgf&femi Bavitd £ 'déﬂrfe%‘?ﬁ dhiphgaddr esses

wherein said memory means (10) stores additional

data bits other than those forming the data items,

said additional data bits representing a number of

bits of a data item to be taken out, wherein at {east

some of said additional data bits are separately

stored from one ancther in locations corresponding

to different memory addresses, wherein the data

generation device further comprises combining

. means for combining said additional data bits, and
wherein said designation means designates the
number of bits based on said combined data bits.

18. A data generation device as defined in claim 1
wherein said memory means (10) stores first data
items (D2) and a second data item (HB), said first
data items (D2) corresponding to said plural items
of data for realizing said given waveform, said sec-
ond data item (HB) comprising plural bits and being
divided into plural sections (HBO,HB1,HB2,HB3),
each of the sections (HBO,HB1,HB2,HB3) being
stored in said memory means (10) separately from

_ each other and connected with a different one of
said first data irems (D2), and said data generation
" device further comprises:

data separation means (35) for separating the
first data items (D2) and the sections
(HBO,HB1,HB2,HB3) of the second data item
(HB) from the data {RD) which has been read
out by said reading means, and

reproduction means (37) for reproducing com-
pleted second data item (48) by assemblingthe
respective sections (HBO,HB1,HB2 .HB3) ol the
second data item (HB) which has been sepa-
rated by said data separation means (35).
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over which-said data itemis stored, wherein said takeout nmeans arranges

all of the bits serially and takes out a necessary segnent of bits in
response toJMﬂum" pnted out by said point out nmeans. 16. A data
generation d& mgm&mr in claimll wherein said nmenory neans (10 )
stores plural data*it®nms having a desired variable nunber of bits, wherein
the data generation device further conpridd- es data | ength designation
nmeans (38) for designat- ing a nunber of bits of a data itemto be taken

out fromthe nenory neans (10).

19. A data generation device as defined in claim 1 8
wherein a section (HB0,HB1,HB2,HB3) of the sep-
arated second data item (HB) consists of one bit.

20. A data generation device as defined in claim 18

wherein a section (HBO,HB1,HB2,HB3) of the sep-
arated second data item (HB) consists of plural bits.
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-40- 17. A data generation device as defined in claim16 wherein said
menory nmeans (10) stores additional data bits other than those formng the
data itens, said additional data bits representing a nunber of bits of a
data itemto be taken out, wherein at |east sone of said additional data
bits are separately stored fromone another in |ocations corresponding to
different menory addresses, wherein the_data generation device further
conpri ses conbi ning nmeans for conbining—g§+d additional ,data bits, and
wherein said designation nmeans desi gnates the

JAbstract

Data Generation Device for an Electronic

Musical Instrument

Data of desired variable data length is stored in a
memary. When desired data is to be taken out of' the
memory, data length of the data to.be taken out is
designated and necessary data is selectively taken out
of the memory in accordance with the designated data
length. Singfe data may be stored over plural
addresses. [In that case, MSB or LSB of data to be taken
out of the data storeé over the plural addresses is
pointed out and desired data:of a desired bit number is
taken out in accordane with the pointed out position and
.the bit number of the dat;. In the memory, first data
and second data may be mixedly stored. The second data
consists of plural bits an& is divided 1in plural
sections, each section being separafefy stdred in the
figst data. The first data and the second data are
separated from the data which has been read from the
memory and the respective sections of the second data
are ,afsembled together to reproduce completed second
data. This storage and.reﬁroduction of data coﬂtribut;s
to an efficient utilization of the memory.

(Figure 3)
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nunber of bits based on said conbined data bits. 18. A data generation
device as defined in claim1l wherein said nenory neans (10) stores first
data itens (D2) and a second data item (HB), said first data itens (D2)
corresponding to said plural itens of data for realizing said given
waveform said sec- ond data item (HB) conprising plural bits and being
divided into plural sections (HBO, HB1, HB2, HB3), each of the sections
(HBO, HB1, HB2, HB3) being stored in said nenory neans (10) separately from
each other and co pth a different one of said first data irens

(D2), and said dat | ofEre=—f urt her conpri ses:
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data separation neans (35) for separating the first data itens (D2) and the
sections (HBC, HB1, HB2, HB3) of the second data item (HB) fromthe data (RD)
whi ch has been read out by said readi ng neans, and reproduction neans (37)
for reproducing com pleted second data item (48) by assenbling the
respective sections (HBO, HB1, HB2, HB3) of the second data item (HB) which
has been sepa- rated by said data separaRi-on neans (35).
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- 41 - 19. A data generation device as defined in claim1.8 wherein a
section (HBO HB1, HB2, HB3) of the sep- arated second data item (HB) consists
of one bit. 20. A data generation device as defined in claim18 wherein a
section (HBO HB1, HB2, HB3) of the sep- arated second data item (HB) consists

of plural bits.
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or different numbers of bits may be used as a unit of
hidden information such as one bit at one addrass and
two bits at another address. A hidden bit may be ununi-
formly 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. Prop-

er 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 lixed data length. The bit number of hid-
den information is not limited 10 4 bits.

The present invention can be applied not only to a
completed electronic musical instrument but also to a
moduled part of an electronic musical instrument. The
invention can also be applied to a device which has no
keyboard or switch means for selecting a lone but gen-

- erates a tone by inputting code information. The inven-
tion 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 in the foregoing, according to the in-
vention, 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 amem-
ory. Further, since data length of data to be taken out of
a memory is designated, object data only can be selec-
tively taken out of the merriory in accordance with the
designated data length, so that necessary object data
only can be taken out without any problem in spite of the
fact that the data has variable data length.



