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This problem is solved, according to the inven- tion, with the features of
claim 1. This invention relates to a tone signal genera-     According to
the invention, basic tone signal On device employed in an electronic
musical in-    generation means and difference signal generation strument
and like devices and, more particularly, to   5   means are provided and a
desired tone signal is a device capable of generating with a relatively
obtained by synthesizing a basic tone signal and a simple construction a
tone of a high quality whose  difference signal generated by these means.
The tone color changes subtly as time elapses just as   basic signal
generation means generates a basic in a tone of an acoustic musical
instrument       tone signal whose waveshape changes with time in Known in
the art are (1) a device storing a full  10  accordance with a tone pitch
designated by tone waveshape from the rising of sounding of a tone to
pitch designation means. The difference signal the termination thereof in a
waveshape memory       generation means comprises a difference memory and
reading out this full waveshape all through and  storing data of the
difference signal corresponding (2) a device storing a tone waveshape for
plural  to difference between a desired tone signal and the periods in a
waveshape memory and repeatedly   15  basic tone signal, accesses the
difference memory reading out all or part of the stored waveshape.    in
accordance with the tone pitch designated by These devices are specifically
disclosed in US-A-   the tone pitch designation means and generates
4,383,462 or JP-142396/1983. US-A-4,383,462 dis-    the difference signal
in response thereto. As a loses an electronic musical instrument which aims
desired tone signal, a tone signal whose tone color [err] producing a tone
of a high quality by prestoring   20  (waveshape) changes subtly with time
as in a tone a full waveshape from rising to termination of soun-  of an
acoustic musical instrument,is employed. The ding of the tone in a memory
and reading out the    basic tone signal has principal characteristics of
the waveshape therefrom. In the waveshape memory        desired tone signal
but it is not the desired tone WM31 in Fig. 3 of US-A-4 383 462, a full
signal itself, including some errors, i.e., difference waveshape is stored
and this full waveshape is  25  from the desired tone signal. Therefore,
the basic read out in response to a signal KD which repre-    tone signal
can be generated with an amount of sents a key depression timing. Such
system  in      data which is substantially reduced as compared to which
the full waveshape is stored requires a large  an amount of data required
for reproducing the memory capacity. In order to improve this point, it
desired tone signal itself with a high resolution has been conceived to
store a part of waveshape   30   whereby the construction of the basic tone
signal of plural periods out of the completes sounding     generation means
can be composed with a rela- period in a waveshape memory and obtain a tone
tively simplified circuit construction. Since the dif- signal by repeatedly
reading out the partial       ference signal corresponds to difference
between waveshape. In US-A-4,383,462, an example of such   the desired tone
signal and the basic tone signal, improvement is shown in Fig. 6. A
complete  35  this difference signal consists of a small amount of
waveshape in the attack period is stored in the     data and the difference
signal generation means waveshape memory WM61 and at least one fun-
therefore can be made of a relatively simple circuit damental period of a
tone waveshape is stored in   construction. That is, the difference memory
can the waveshape  memory  WM62. An  attack            be made of a memory
of a small capacity. Thus, waveshape is read out from the memory WM61 in
40  according to the invention, the constructions of the response to the
key depression (KD signal) and the  basic tone signal generation means and
the dif- tone waveshape of the fundamental period is re-    ference signal
generation means can be simplified. peatedly read out from the memory WM62
after        Moreover, according to the invention, since a tone completion
of the readout of the attack waveshape   signal corresponding to the
desired tone signal can (IMF signal) until the termination of tone
generation   45  be produced by synthesizing the basic tone signal (DF
signal).                                       and the difference signal, a
tone signal of a high The above described prior art tone signal gen-
quality whose tone color (waveshape) changes sub- eration devices are
disadvantageous in that they   tly with time, as in a tone of a natural
musical require a waveshape memory of a large capacity,     instrument, can
be generated with a relatively sim- particularly so if a tone waveshape
signal of a   50  ple construction. satisfactorily high quality is to be
obtained with a   A tone signal generation system to be em- high
resolution.                                    ployed in the basic tone
signal generation means It is, therefore, the object of the invention to
can be selectively adopted from among various provide a tone signal
generation device capable of  systems. For example, a tone waveshape data
generating a tone signal whose tone color (i.e.,  55   memory storing data
of a tone waveshape of plural waveshape) changes with time with a
relatively      periods may be employed and this memory may simple
construction.                                be accessed in accordance with
the designated tone pitch. In this case, the tone waveshape data 2   
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the memory not only by the PCM        In the accompanying drawings, (pulse
code modulation) system but by any other       Fig. la is a flow chart
showing an example of a suitable system such as the delta modulation sys-
procedure for taking out a basic tone signal and tem.
a difference signal from a desired tone signal Alternatively, the  basic
signal generation    5  (original waveshape) as a procedure prior to means
may be composed by utilizing a parameter        carrying out the present
invention; synthesis system according to which the tone color    Fig. 1b is
a waveshape diagram showing exam- (waveshape) of a tone signal to be
generated is       pies of waveshapes appearing in respective determined in
accordance with a parameter. In this    stages of this procedure; case, the
waveshape of the basic tone signal can   10  Fig. 2 is an electrical block
diagram showing an be changed with time by changing the parameter
embodiment of the invention; with time. There are LPC (linear prediction
coding)   Fig. 3 is an electrical block diagram showing an and PARCOR
(partial auto-correlation) systems for     example of an ADM demodulation
circuit shown the parameter synthesis system in the voice syn-     in Fig.
2; thesis technique and these systems can be applied   15  Fig. 4 is an
electrical block diagram showing to the basic tone signal generation means.
More       another embodiment of the invention; specifically, a digital
filter is used and a filter pa-  Fig. 5 is an electrical block diagram
showing still rameter thereof is suitably established and this      another
embodiment of the invention;   - filter parameter is changed with time.
Figs. 6a, 6b and 6c are waveshape diagrams Alternatively, a plurality of
waveshape seg-   20  showing examples of a desired tone signal, a ments are
intermittently sampled along a time axis    basic tone signal and a
difference signal taken from  a desired tone signal whose waveshape
out in the procedure prior to carrying out of the changes with time, these
waveshape segments are       invention shown in Fig. 5; and stored in a
memory and one of these segments is       Fig. 7 is an electrical block
diagram showing repeatedly read out, with the waveshape segment  26
another example of a basic tone signal genera- to be read out being
successively switched one by     tion system. one to generate a basic tone
signal changing with      As a prior step for carrying out the invention, a
time.                                               procedure is required
for taking out a basic tone In case a difference signal is quantized
(coded)  signal and a difference signal from a desired tone and the
quantized data is stored in a memory, a   30  signal (original signal).
Referring to Figs. 1a and quantizing error occurs. For this reason, a tone
1b, the flow chart of Fig. 1a shows steps of the signal which is finally
obtained by synthesizing the  procedure and Fig. 1b shows examples of
signal basic tone signal and the difference signal is not  waveshapes
appearing in the respective steps of completely identical to the desired
tone signal.    the procedure in which a waveshape of a coded Elimination
of such quantizing (coding) error in the  35  difference signal is omitted
for convenience's sake difference signal can be achieved by providing not
First, a desired original waveshape is taken out only a first difference
signal generation means but  (e.g., from a tone of an acoustic musical
instru- second, third or more difference signal generation  ment). Then the
original waveshape is coded means as required and synthesizing all of the
dif-  (sampled and quantized) to produce a basic tone ference signals with
the basic tone signal. The first  40  waveshape. This basic tone waveshape
corre- difference signal generated by the first difference  sponds to a
basic tone signal. Data corresponding signal generation means is a basic
signal of a     to this basic tone waveshape, for example, is difference
signal (first real difference waveshape)  stored in a memory. The original
tone waveshape corresponding to difference between the desired    is a
waveshape of a complete sounding period tone signal and the basic signal.
The second dif-  45  from the beginning of sounding to the end thereof.
ference signal generated by the second difference   So is the basic tone
waveshape so that the signal generation means is a basic signal cor-
waveshape thereof changes with time. According to responding to a
difference signal (second real dif-  the invention, coding of this original
waveshape ference waveshape) between the first real differ-  (i.e.,
production of a coded basic tone waveshape) ence waveshape and the first
difference signal.  50   may be performed rather coarsely and, accord-
Likewise, an n-th difference signal generated by an  ingly, substantial
reduction of data is possible. In n-th difference signal generation means
is a basic  the case of the parameter synthesis system, a signal of a
difference signal corresponding to dif-  parameter for reproducing the
original waveshape ference  between  an  (n-i)th  real  difference    is
determined. If the tone synthesis is performed waveshape and an (n-i)th
difference signal.    55  according to the parameter thus determined, a ba-
Preferred embodiments of the invention will     sic tone signal as
exhibited by the basic tone now be described with reference to the accom-
waveshape is obtained. That is, the original panying drawings.
waveshape is not synthesized due to an error in 3  
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synthesis but the basic tone signal      The basic tone generation channel
10 gen- as exhibited by the basic tone waveshape can only   erates a basic
tone signal whose waveshape be obtained.
changes with time in accordance with a tone pitch Then   difference
between  the  original      designated by the depression of the key. The
-waveshape (designated as [err]) and the basic tone   5   channel 10
comprises a tone waveshape data waveshape (designated by Ws) is obtained to
pro-    memory 14 storing data of a tone waveshape of duce a first real
difference waveshape (designated  plural periods. The data of the tone
waveshape to by WE1)                                            be stored
in the tone waveshape data memory 14 The first real difference waveshape
[err] is cod-  is the data of the above described coded tone ed (sampled
and quantized) to produce a first  10   waveshape (Ws of Fig. 1). For
example, data of the difference signal (designated by [err]).
basic tone waveshape for N tone colors with re- The coded first difference
signal [err] is not   spect to 6 octaves of the first through sixth octaves
completely identical to the first real difference  totalling 6 N is stored
in the memory 14. In the waveshape [err] so that it contains an error. Such
present embodiment, the basic tone waveshape error can be eliminated by
further obtaining an   15  changes when the octave changes. An octave code
error between the real difference waveshape [err]     OC of the key code KC
provided by the key and the difference signal [err] i.e., a second real
assigner 13 is applied to the memory 14 and a difference waveshape[err] and
tone color selection information TC also is applied oding this second real
difference waveshape to    to the memory 14. One of the 6 N coded tone
produce a second difference signal [err] Then, a   20   waveshapes is
designated by the combination of step of producing difference between such
real      the octave code OC and the tone color selection difference
waveshape and a coded difference sig-   information TC and data of the
designated basic nal (step A) and a step of coding this difference  tone
waveshape is successively read out in re- (step B) are repeated as many
times as required.    sponse to an address signal provided by an ad-
Describing in general terms, an n-th real difference   25  dress counter
16. waveshape [err] is obtained by difference between        The octave
code OC of the key code KC an (n-i)th real difference waveshape [err] and
an   provided by the key assigner 13 is applied to an [err] coded
difference signal [err] and an n-th  octave clock generation circuit 17 and
a note code coded difference signal [err] is obtained by coding  of the key
code KC is applied to a frequency this signal [err]
30  dividing ratio control input of a variable frequency- As will be
understood from the above, the       dividing circuit 18. The octave clock
generation larger is the order number n of the coded dif-      circuit 17
generates an octave clock pulse [err] ference signal, the higher is the
fidelity of a tone  having a frequency corresponding to the applied signal
(i.e., resembling more closely the original  octave code OC. This octave
clock pulse [err] is waveshape) when these n difference signals have   35
applied to the variable frequency-dividing circuit 18 finally been added
together and synthesized, with   where it is frequency-divided at a
frequency divid- the basic tone waveshape Ws. Further, the amount    ing
ratio corresponding to the note code NC. Thus, of data of each individual
coded difference signal  the frequency dividing circuit 18 produces a clock
can be reduced.                                     pulse having a
frequency corresponding to the tone The embodiment of the invention shown
in Fig.  40  pitch designated by the key code KC and this 2 comprises a
basic tone signal generation channel  clock pulse is applied to a count
input C of the 10 and a single channel of a difference signal     address
counter 16. generation channel 11. A keyboard 12 has a plural-     The
address counter 16, the octave clock gen- ity of keys designating the tone
pitch of a tone to  eration circuit 17 and the variable frequency-divid- be
generated. A key assigner 13 detects depres-  45  ing circuit 18 are
constructed such that they can sion and release of a key on the keyboard 12
and    operate on a time shared basis with respect to assigns sounding of a
tone corresponding to a       each channel. The key-on pulse KONP is
applied depressed key (i.e., designated tone pitch) to an  to a reset input
terminal R of the address counter available one of a plurality of tone
generation     16 so that contents of counting corresponding to a chnnels.
A key code KC representing a key having   50  channel to which a newly
depressed key has been been assigned to each channel and a key-on signal
assigned are reset and counting is started from an KON representing the
on-off state of this key are  initial address. The address signal provided
by the delivered from the key assigner 13 on a time-       address counter
16 changes at a clock rate cor- division multiplexed basis. A key-on pulse
KONP     responding to the designated tone pitch whereby generated at the
beginning of depression of the   55  data of the basic tone waveshape is
read out from key also is delivered from the key assigner 13 in  the memory
14 at a frequency corresponding to accordance with the time division
timing, of the   the designated tone pitch. channel to which the key has
been assigned. 4 
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data of the basic tone     a sound system 29. If data having been imparted
waveshape is stored in the tone waveshape data    with an amplitude
envelope is stored in the tone memory 14 by an adaptive delta modulation
(ADM)   waveshape data memory 14, a tone signal having system. For this
purpose, an ADM demodulation     been imparted with the amplitude envelope
is ob- circuit 19 is provided on the output side of the   5   tained from
the adder 25. In this case, however, the memory 14. The circuit 19
demodulates the basic   envelope generator 27 is required for performing
tone waveshape data of the ADM system read out    damping and sustain
controls determined by the from the memory 14 to provide a basic tone
signal  tone color selection information TC and the key-on having a normal
sample point amplitude.           signal KON after key-off. On the other
hand, if the The difference signal generation channel 11  10  data stored
in the memories 14 and 20 are deter- comprises a difference memory 20
storing data of  mined so that the amplitude envelope level of the a
difference signal (data of the coded first dif-  tone signal provided by
the adder 25 is controlled ference signal [err]) corresponding to
difference  at a specific value, the envelope generator 27 is between the
desired tone signal (the original     required for imparting the amplitude
envelope. waveshape [err] and the basic tone signal obtained   15  Fig. 3
shows an example of the ADM de- in the basic tone signal generation channel
10 (the  modulation circuits 19 and 24 which performs de- basic tone
waveshape [err] This memory 20 is       modulation on the basis of present
ADM data, ADM accessed in accordance with the tone pitch des-   data one
cycle before and ADM data two cycles ignated by the key code KC to generate
a dif-     before. The ADM data read out from the memories ference signal
(the first difference signal [err] The   20  14 and 20 is applied to a
delta width generation difference memory 20 stores, as the above de-
circuit 30 and also to a one-bit shift register 31 scribed tone waveshape
data memory 14, data for   having stages of a number equivalent to the num-
coded difference signals [err] of N tone colors  ber of the channels. The
output of the last stage of with respect to 6 octaves, totalling [err]
data. One  the shift register 31 is applied to a second one-bit of the
difference signals [err] is designated by   25  shift register 32 having
stages of a number equiv- the octave code OC and the tone color selection
alent to the number of the channels. The shift information TC and this
difference signal data is  registers 31 and 32 are shift-controlled in
response successively read out in response to the address  to a clock pulse
[err] synchronized with a channel signal provided by the address counter
21.        time division time slot and outputs of the last As in the
channel 10, an octave clock genera-  30  stages of the respective shift
registers are applied tion circuit 22 and a variable frequency-dividing  to
the delta width generation circuit 30 as the ADM circuit 23 are provided
for preparing a clock fre-  data one cycle before and the ADM data two
quency corresponding to the designated tone pitch.  cycles before
respectively. An octave clock pulse [err] corresponding to the        The
delta width generation circuit 30 generates octave code OC is
frequency-divided in accor-  35  data representing a delta width of a
specific value dance with the note code NC and the frequency-    in
accordance with the combination of the three divided output is applied to a
count input terminal  ADM data of present, one cycle before and two C of
the address counter 21. The address counter  cycles before with respect to
the same channel. 21 receives at its reset input terminal R the key-on  The
value of the delta width is also controlled by pulse KONP.
40  the tone color selection information TC. The gen- The data storing
system  in the difference     erated delta width data is applied to a sign
code memory 20 is the ADM system as in the memory      control circuit 37
where it is provided with a posi- 14. For this purpose, an ADM demodulation
circuit  tive or negative sign code in accordance with "1" 24 is provided
on the output side of the memory   or "0" of the present ADM data (read out
outputs 23. The circuit 24 demodulates the difference sig-  45  of the
memories 14 and 20). The delta width data nal data of the ADM system to
produce a dif-      thus provided with the positive or negative sign is
ference signal having a demodulated sample point  applied to an accumulator
36 including a shift- amplitude.
register 33 of plural bits having stages of a number The basic tone signal
[err]q generated in the    equivalent to the number of the channels and an
channel 10 and the difference signal [err] gen-  60  adder 34 and a gate
35. In the accumulator 36, the erated in the channel 11 are added and
synthe-    delta width data of the same channel is accu- sized together in
an adder 25 to produce a tone   mulated and stored in the shift register
33. The signal [err] corresponding to the     gate 35 is enabled by a
signal [err] which is an desired tone signal [err] This tone signal is ap-
inverted signal of the key-on pulse KONP to clear, plied to a multiplier 26
where it is multiplied with an   55  at the beginning of depression of the
key, contents envelope shape signal from an envelope generator  stored in
the shift register 33 corresponding to the 27 and thereafter is converted
to an analog signal  channel to which the key has been assigned. by a
digital-to-analog converter 28 and supplied to 
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sampling rate is used in coding         Fig. 5 shows another embodiment of
the inven- the basic tone waveshaped and the difference sig-   tion. In
this embodiment, the construction of the nal, the frequencies of the octave
clock pulses   basic tone signal generation channel 10A is dif- become
common through the two channels 10       ferent from the corresponding one
of the embodi- and 11 so that the octave clock generation circuit   5
ment of Fig. 2. In Fig. 5, the same reference 17 and 22, the variable
frequency-dividing circuits  characters as in Fig. 2 designate the same
circuits 18 and 23 and the address counters 16 and 21 can   and detailed
description thereof will be omitted. be realized by using single octave
clock generation    The basic tone signal generation channel 1 OA circuit,
variable frequency-dividing circuit and ad-  comprises a segment waveshape
memory 40 dress counter on a time division basis between the   10   which
stores a plurality of different segment two channels 10 and 11. If
different sampling rates  waveshapes. One segment waveshape is repeat- are
used in coding the basic tone signal and the   edly read out from this
memory 40 a suitably difference signal, the frequencies [err] and [err]
will   selected number of times (or during a specific become different.
period of time) and the segment waveshape to be Fig. 4 shows an embodiment
in which a plural-  15  read out is successively switched one by one ity of
difference signal generation channels 11-1   whereby a basic tone signal
whose waveshape through 11-n are provided. Each individual one of   changes
with time is generated. the channels 11-1 through 11-n is of the same
Description will first be made about a prior step construction as the
difference signal generation   concerning preparation of a segment
waveshape to channel 11. However, difference signal data to be   20  be
stored in the segment waveshape memory 40 stored in difference memories 20
of the channels   and difference signal data to be stored in a dif- 11-1
through 11-n is different from one another,   ference memory 20'. A desired
tone signal (original i.e., each memory 20 storing data of one of the
waveshape [err]) is taken out of a tone of e.g., an above described coded
first through n-th difference  acoustic musical instrument. The complete
soun- signals [err]. The adder 25 adds and   25  ding period of this tone
is divided into plural frames synthesizes the basic tone signal [err]
generated in  and one period of waveshape is taken out of each the basic
tone signal generation channel 10 and     of these frames. Fig. 6a shows a
state in which the the coded first through n-th difference signals
original waveshape [err] has been divided into re- [err]  generated in the
respective channels  spective frames and Fig. 6b shows, in a solid line,
11-1 through 11-n.                            30  an example of each
segment waveshape taken out The data storing system in the tone waveshape
of each frame. The segment waveshape to be data memory 14 and the
difference memory 20 is     taken out should preferably possess average or
not limited to the above described ADM system but   representative
characteristics of the waveshape any suitable system such, for example, as
PCM       within the frame. (pulse code modulation), difference PCM (DPCM),
35    Next, the segment waveshape of each frame is delta modulation (DM),
adaptive PCM (APCM) and      coded and a waveshape which repeats within its
adaptive difference PCM(ADPCM) may be em-           frame is formed (see
the waveshape shown by a ployed.
dotted line in Fig. 6b). The repeated waveshapes of The reading method of
the memories 14 and      the respective coded segment waveshapes con- 20
are not limited to the combination of the variable  40  nected in time
sequence are equivalent to the frequency-dividing circuit and the address
counter  basic tone signal [err] Difference [err] be- as shown in Fig. 2
but any suitable system such as  tween the basic tone signal produced in
this man- one accumulating the frequency number may be        ner and the
original waveshape is computed over employed.
the complete sounding period and a difference The memories 14 and 20 have
been described   45   waveshape [err] as shown in Fig. 6c thereby is as
storing data of the basic tone signal and data of  obtained. This waveshape
is equivalent to the the difference signal over the complete sounding
above described first difference waveshape. A first period from the
beginning of sounding to the end    difference signal [err] is produced by
coding this thereof. Modifications such as storing data for a  waveshape
and this difference signal is stored in waveshape of plural periods in a
part of the soun-   50  the difference memory 20' in the same manner as
ding period and reading it out repeatedly, or read-  was previously
described. The second, third,...,n- ing out a specific waveshape of plural
periods once  th difference signals may also be produced in the and other
waveshape of plural periods repeatedly    previously described manner. On
the other hand, may be made utilizing a known technique. In this   the
segment waveshape of each frame taken out case, the difference memory 20
may be adapted to  55  and coded as described above is stored in the store
data of the difference signal over the com-   segment waveshape memory 40.
In the memory plete sounding period.                              40, a set
of segment waveshapes thus obtained is stored for each tone color which is
selectable in the 
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selection circuit 15 and one set of seg-  produced which in turn is applied
to a count input ment waveshapes is designated by the tone color
terminal C of a repeating time counter 43. To reset selection information
TC. The same is the case     inputs R of the address counter 41 and the
repeat- with the difference memory 20.                   ing time counter
43 is applied the key-on pulse For taking a segment waveshape out of the
5   KONP provided by the key assigner 13. Each time original waveshape,
waveshapes of plural periods   one period of segment waveshape has been
read within each frame may be arithmetically averaged   out from the memory
40, the carryout signal is and a resulting average value may be selected as
generated from the address counter 41. Accord- the segment waveshape
instead of taking out the   ingly, the number of times the segment
waveshape entire waveshape within the frame. For selecting   10  has been
repeatedly read out, i.e., the frequency, is frames, i.e., dividing the
original waveshape into  counted by the repeating number counter 43.
frames, the original waveshape should preferably      A repeating number
memory 44 prestores data be divided into frames by a group of waveshapes
of the repeating number in accordance with various having relatively high
correlation among one an-   tone colors and the frame number of the segment
other (i.e., resembling one another). The segment  15  waveshape and
produces a predetermined repeat- waveshape to be stored in the memory 40 is
not     ing number in response to the tone color selection limited to a
waveshape of one period but it may be  information TC and the frame address
signal FA a waveshape of plural periods (e.g., 2 periods) or of  from the
frame counter 42. The repeating number a half period or of a quarter
period. If a segment  data read out from the memory 44 and the count
waveshape of plural periods is stored, waveshapes   20  output of the
repeating time counter 43 are com- of a portion having relatively high
correlation within  pared with each other in a comparator 45 and, the frame
are preferably selected as the segment   when both coincide with each
other, a signal "1" is waveshape so that the difference signal will be-
produced from a coincidence output terminal EQ of come small. If the
segment waveshape of a half    the comparator 45. This signal is applied to
a count period is stored, the polarity of the  segment  25  input terminal
C of the frame counter 42 through a waveshape read out from the memory 40
should       gate 46. The frame counter 42 is reset at the be controlled
alternately between the positive po-  beginning of the key depression by
the key-on larity and the negative one each time the segment  pulse KONP
and at first designates a segment waveshape is read out.
waveshape of the frame number 0, i.e., one con- In Fig. 5, an address
counter 41 generates an   30  cerning the first frame. Subsequently, the
frame address  signal for reading  out a  segment        counter 42 is
counted up and the frame address is waveshape for one period repeatedly
from the       sequentially switched each time the comparator 45 memory 40.
A frame counter 42 generates a frame    has detected coincidence. address
signal FA which designates the frame          An end detection circuit 47
detects that the whose segment waveshape should be read out  35  count of
the counter 42, i.e., the frame address from the memory 40. More
specifically, the seg-    signal FA, has reached a predetermined final
value ment waveshape memory 40 repeatedly produces,      and, responsive to
this detection, disables the gate in response to the address signal form
the address  46. Therefore, the counting operation of the frame counter 41,
one segment waveshape corresponding    counter 42 is stopped when the
reading has pro- to the frame order designated by the frame ad-  40  ceeded
to the predetermined final frame and there- dress signal FA from the frame
counter 42 from     after the segment waveshape corresponding to the among
the set of segment waveshapes designated     final frame is repeatedly read
out. by the tone color selection information TC.           By virtue of the
above described construction, A variable frequency-dividing circuit 18 gen-
one segment waveshape is repeatedly read out erates a note clock pulse of a
frequency cor-  45  from the segment waveshape memory 40 in re- responding
to the tone pitch determined by the key  sponse to the address counter 41
and the segment code KC supplied from the key assigner 13 and
waveshape to be read out is successively switched supplies this note clock
pulse to a count input    in time sequence in response to the output of the
terminal C of the address counter 41. The address  frame counter 42 with a
result that a basic tone counter 41 has a modulo number corresponding to
so  signal whose waveshape changes with time (such the number of the sample
points existing in one    as one shown in Fig. 6b) is read out from the
period of the segment waveshape so that its count-  memory 40. This basic
tone signal is applied to the ing contents successively increase in
response to  adder 25 where it is added and synthesized with the note clock
pulse thereby causing sequential    the difference signal supplied from a
difference sample point amplitude data of the segment  55  signal
generation channel 11A. In the difference waveshape to be read out from the
memory 40.       signal generation channel 11 A, as in the one shown Each
time the address counter 41 counts a pre-     in Fig. 2, data of the
difference signal is stored in 
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system. A variable 7    13                 EP 0 154 888 B1
14 frequency-dividing  circuit, however, is different       As described in
the foregoing. according to the from the circuit 20 in Fig. 2 in that it
produces    invention. the basic tone signal generation means clock pulse
of a frequency corresponding to the       and the difference signal
generation means can be designated tone pitch by frequency-dividing the
provided with a relatively small memory capacity master clock pulse [err]
in accordance with the key    5   and with a relatively simplified circuit
construction code KC. This arrangement is made for utilizing the  and.
accordingly. a tone signal of a high quality data stored in the difference
memory 20' com-        whose tone color (waveshape) changes with time monly
for each key.                                   can be generated with a
relatively simple circuit The plural difference signal generation chan-
construction. nels as shown in Fig. 4 may be provided als in a   10 case
where the basic tone signal generation chan-    Claims nel 10A as shown in
Fig. 5 is employed. In the foregoing description, the segment         1. A
tone signal generation device comprising waveshape memory 40 is described
as storing date         pitch designation means (12,13) for designat- in
the PCM system. The data may, however. be   15        ing a pitch of a tone
to be generated, stored also by the ADM, DPCM, DM, ADCM or ADPCM system as
desired.                                  characterized in that In the
embodiment of Fig. 5, data stored in the segment waveshape memory 40 and
the difference           it comprises also- .nemory 20' is utilized
commonly for each key.   20 Alternatively, different data may be stored for
each      basic  tone   signal   generation   means octave as in Fig. 2, or
for each group of a plural       (10;10A;46.49.50) for generating a basic
tone keys or even for each key. The reading of the            signal [err]
having the designated pitch, whose memories 40 and 20' is not limited to
the combina-       waveshape changes in accordance with a tion of the
variable frequency-dividing circuit and   25  lapse of time, said basic
tone signal being the address counter but other methods including
derived from a waveshape adapted as a base one accumulating the frequency
number may be              for the original tone signal [err] to be repro-
employed.  The  switching  of  the  segment              duced and having a
waveshape changeable waveshape to be read out from the memory 40
with time; may be effected upon lapse of a predetermined   30 length of
time instead of counting the repeating         difference signal generation
means (11;11A,11- times.
1- 11-n) for generating a difference signal In the embodiment of Fig. 5,
the same seg-            [err] corresponding to the difference between ment
waveshape is simply repeatedly read out            said original tone
signal [err] and said basic within one frame. Alternatively, a portion
between   35  tone signal [err] said difference signal [err] two segment
waveshapes of adjacent frame may            having an amplitude which is
substantially be interpolated so that the basic tone signal will
smaller than the amplitude of said basic tone change smoothly at the time
of switching of the         signal [err] and segment waveshape. The basic
tone signal generation channels 10   40     synthesizing means (25)
connected to said ba- and 10A can be composed by utilizing the [err]
sic tone signal generation means and to said eter synthesis system  instead
of the memory             difference signal generation means for syn-
readout system  as shown in Figs. 2 and 5. An            thesizing a tone
signal corresponding to said example of the parameter synthesis system  is
original tone signal on the basis of the addition shown in Fig. 7. A
digital tone source waveshape,   45   of said basic tone signal (Ws) and
said dif- signal is generated by a tone source waveshape           ference
signal [err] generation circuit 48 in response to the ko;[err] KC and this
signal is applied to a digital filter 49  2. A tone signal generation
device as defined in The digital filter 49 is controlled in its filter
[err]  claim 1 wherein said basic tone signal genera- acteristics in
accordance with a parameter provided 50  lion means (10;10A) comprises: by
a parameter generation circuit 50 to produce            a basic tone memory
(14) for storing said basic tone signal whose waveshape change with
basic tone signal [err] whose waveshape has time. The parameter generation
circuit 50 gen-           plural periods and erates a parameter as is
obtained by the prior              readout means for reading out said basic
procedure shown in Fig. 1 in accordance with [err]   55  [err] signal [err]
in accordance with said des- of time after generation of the key-on pulse
KONP.      ignated pitch. 
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frequency-dividing circuit, however, is different      As described in the
foregoing, according to the from the circuit 20 in Fig. 2 in that it
produces a  invention. the basic tone signal generation means clock pulse
of a frequency corresponding to the     and the difference signal
generation means can be designated tone pitch by frequency-dividing the
provided with a relatively small memory capacity master clock pulse [err]
in accordance with the key   5   and with a relatively simplified circuit
construction code KC. This arrangement is made for utilizing the  and,
accordingly, a tone signal of a high quality data stored in the difference
memory 20' com-       whose tone color (waveshape) changes with time monly
for each key.                                can be generated with a
relatively simple circuit The plural difference signal generation chan-
construction. nels as shown in Fig. 4 may be provided also in a   10 case
where the basic tone signal generation chan-  Claims nel 10A as shown in
Fig. 5 is employed. In the foregoing description, the segment       1. A
tone signal generation device comprising waveshape memory 40 is described
as storing data       pitch designation means (12,13) for designat- in the
PCM system. The data may, however, be   15      ing a pitch of a tone to be
generated, stored also by the ADM, DPCM, DM, ADCM or ADPCM system as
desired.                               characterized in that In the
embodiment of Fig. 5, data stored in the Segment waveshape memory 40 and
the difference         it comprises also: memory 20' is utilized commonly
for each key.  20 Alternatively, different data may be stored for each
basic  tone   signal  generation   means octave as in Fig. 2, or for each
group of a plural     (10;10A;48,49,50) for generating a basic tone keys or
even for each key. The reading of the          signal (Ws) having the
designated pitch, whose memories 40 and 20' is not limited to the combina-
waveshape changes in accordance with a tion of the variable
frequency-dividing circuit and   25  lapse of time, said basic tone signal
being the address counter but other methods including        derived from a
waveshape adapted as a base one accumulating the frequency number may be
for the original tone signal [err] to be repro- employed.  The  switching
of  the  segment            duced and having a waveshape changeable
waveshape to be read out from the memory 40            with time; may be
effected upon lapse of a predetermined   30 length of time instead of
counting the repeating       difference signal generation means (11;11A;11-
times.                                                 1 - 11-n) for
generating a difference signal In the embodiment of Fig. 5, the same seg-
(WEN) corresponding to the difference between ment waveshape is simply
repeatedly read out           said original tone signal [err] and said
basic within one frame. Alternatively, a portion between   35  tone signal
(Ws), said difference signal (WEN) two segment waveshapes of adjacent
frames may          having an amplitude which is substantially be
interpolated so that the basic tone signal will     smaller than the
amplitude of said basic tone change smoothly at the time of switching of
the        signal [err] and segment waveshape. The basic tone signal
generation channels 10   40   synthesizing means (25) connected to said ba-
and 10A can be composed by utilizing the param-        sic tone signal
generation means and to said eter synthesis system  instead of the memory
difference signal generation means for syn- readout system as shown in
Figs. 2 and 5. An           thesizing a tone signal corresponding to said
example of the parameter synthesis system  is          original tone signal
on the basis of the addition shown in Fig. 7. A digital tone source
waveshape   45  of said basic tone signal [err] and said dif- signal is
generated by a tone source waveshape         ference signal [err]
generation circuit 48 in response to the key code KC and this signal is
applied to a digital filter 49.  2. A tone signal generation device as
defined in The digital filter 49 is controlled in its filter char-  claim 1
wherein said basic tone signal genera- acteristics in accordance with a
parameter provided   50  tion means (10;10A) comprises: by a parameter
generation circuit 50 to produce a          a basic tone memory (14) for
storing said basic tone signal whose waveshape changes with         basic
tone signal (Ws) whose waveshape has time. The parameter generation circuit
50 gen-         plural periods; and erates a parameter as is obtained by
the prior            readout means for reading out said basic procedure
shown in Fig. 1 in accordance with lapse   55  tone signal (Ws) in
accordance with said des- of time after generation of the key-on pulse
KONP.     ignated pitch. 8 
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generation device as defined in         which has actually been stored in
said (n-1)th claim  1 or 2 wherein said difference signal         memory
area, said difference signal being con- generation means (11;11A;11-1 -
11-n) com-          stituted by said first to n-th difference signal
prises:                                              data. a difference
memory (20,20') for storing    5 said difference signal (WEN); and
8. A tone signal generation device as defined in readout means for reading
out said dif-          one of claims 1-7 which further comprises tone
ference signal (WEN) in accordance with said         color designation
means (15) for designating a designated pitch.
tone color from among a plurality of tone col- 10      ors, and wherein
said basic tone signal genera- 4. A tone signal generation device as
defined in        tion means (10;10A,48,49,50) and difference one of claims
1-3 wherein said basic tone            signal generation means (11;11A,11-1
- 11-n) signal [err] is constituted by basic tone data,       respectively
generate said basic tone signal said basic tone data being data derived
from         [err] and said difference signal (WEN) corre- said original
tone signal [err] coded over a   15    sponding to the designated tone
color. complete sounding period of said original tone signal [err]
9. A tone signal generation device as defined in claim 1 wherein said basic
tone signal genera- 5. A tone signal generation device as defined in
tion means (10;10A) comprises: one of claims 1-3 wherein said basic tone
20          first means for generating basic tone data signal generation
means (10A) comprises:            which are represented in such a form that
said waveshape memory means (40) for storing          basic tone signal
(Ws) is modulated in accor- frame data relating to a plurality of frame
dance with a predetermined modulation man- waveshapes respectively
belonging to a plural-       ner; and ity of frames into which said basic
tone signal  25     second means for demodulating said basic (Ws) is
divided; and                                tone data generated by said
first means to readout means for reading out successive-        produce
said basic tone signal [err] ly said frame data from said waveshape mem-
ory means at a rate corresponding to said        10. A tone signal
generation device as defined in designated pitch, said basic tone signal
(Ws)  30    claim 1 wherein said basic tone signal genera- being
constituted by said frame data.                tion means (48,49,50)
comprises: tone source waveshape generation means 6. A tone signal
generation device as defined in        (48) for generating a tone source
waveshape claim 1 or 3 wherein said basic tone signal          signal in
accordance with said designated generation means (48,49,50) comprises:
35       pitch; parameter generating means (50) for gen-             filter
coefficient generation means (50) for erating a parameter for synthesizing
said basic      generating a filter coefficient; and tone signal (Ws); and
digital filter means (49) connected to said synthesizing means for
synthesizing said         tone source waveshape generation means and basic
tone signal in accordance with said pa-  40    said filter coefficient
generation means (50) for rameter and said designated pitch.
digital-filtering said tone source waveshape signal in accordance with a
filter characteristic 7. A tone signal generation device as defined in
determined by said filter coefficient to produce one of claims 1-6 wherein
said difference sig-       said basic tone signal [err] nal generation
means (11;11A;11-1 - 11-n) in-  45 cludes a memory having first to n-th
memory      11. A tone signal generation device as defined in areas storing
first to n-th difference signal data   claim 1 wherein respectively, said
first difference signal data          said basic tone signal [err] is a
signal being a coded waveshape of a first difference        produced  by
sampling  an  original tone waveshape [err] which represents a differ-  50
waveshape [err] corresponding to said original ence between said original
tone signal [err]          tone signal with a predetermined sampling rate
and said basic tone signal (Ws) and said n-th        and coding amplitude
values of respective difference  signal  data  being  a  coded
sample points with a digital value of N bits; waveshape of an n-th
difference waveshape            and [err] which represents a difference
between   55        said difference signal (WEN) is a signal an (n-1)th
difference waveshape [err] de-          produced by coding with a digital
value of M sired to be stored in the (n-1)th memory area        bit or bits
a difference between said coded and (n-1)th difference signal data [err] 
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signal and said original tone            th6tiser un son correspondant
audit son d'origi- waveshape wherein M and N are positive in-          ne,
sur ia base de la sommation dudit son de tegers and N is greater than M.
base (Ws) audit signal diff6rentiel (WEN). 12. Method for providing tone
waveshape data,   5   2. Dispositif g6nerateur de son tel que defini dans
characterized by                                   la revendication 1, dans
lequel ledit moyen a step for coding an original waveshape,
generateur de son de base (10 ; 10A) corn- adapted as a base for an
original tone signal       prend: [err] to  be  reproduced, to  make  first
une rn6moire de son de base (14) pour waveshape data constituting a basic
tone sig-  10   m6moriser ledit son de base (Ws) dont la nal [err]
forme d'onde a une pluralit6 de dur6es ; et a step for subtracting said
first waveshape         un moyen de lecture pour lire ledit son de data
(Ws) from said original waveshape (WO) to      base (Ws) solon ladite
hauteur tonale d6si- make second waveshape data constituting a
gn6e. difference signal (WEN); and               15 a step for storing said
first and second    3. Dispositif g6ndrateur de son tel que d6fini dans
waveshape data [err] in a memory device,         la revendication 1 ou 2,
dans lequel ledit the  addition  of said  first and  second           moyen
g6n~rateur de son diff6rentiel (11; 11A waveshape  data  being  utilized
as  tone          ; 11-1 - 11-n) comprend: waveshape data corresponding to
said original  20      une m6moire differentielle (20, 20') pour tone
signal [err]                                   m6moriser ledit signal
diff6rentiel (WEN) et un moyen de lecture pour lire ledit signal 13. Method
for providing tone waveshape data as        differentiel (WEN) selon ladite
hauteur tonale defined in claim 12 which further comprises:
d6sign6e. a step for reading out said first and second   25 waveshape data
[err] from said memory        4. Dispositif g6n6rateur de son tel que
d6fini dans device; and                                         l'une des
revendications 1-3, dans lequel ledit a step for providing a musical tone
signal      son de base (Ws) est constitue de donnees de based  on  the
readout first and  second           son de base, lesdites donnees de son de
base waveshape data [err]                   30      etant des donnees
d6riv6es dudit son d'origine (WO),cod6 sur une dur6e sonore complete du-
Revendlcatlons                                         dit son d'origine
(WO). 1. Dispositif g6n6rateur de son comprenant des      5. Dispositif
g6n6rateur de son tel que d6fini dans moyens de designation de hauteur
tonale  35         I'une des revendications 1-3, dans lequel ledit (12,13)
destin6s a designer la hauteur d'un son     moyen gen6rateur de son de base
(10A) com- b gdn6rer, caract6ris6 en ce qu'il comprend         prend:
egalement:                                             un dispositif a
memoire de forme d'onde un moyen g6n6rateur de son de base (10;
(40) pour memoriser les donn6es d'enveloppe 1OA ; 48, 49, 50) pour g6n6rer
un son de base   40  relatives A une pluralit6 de formes d'onde (Ws) ayant
la hauteur d~signde, dont la forme       d'enveloppe appartenant
respectivement a une d'onde varie selon un laps de temps, ledit son
pluralit6 d'enveloppes en lesquelles ledit son de base etant d6riv6 d'une
forme d'onde adap-       de base (Ws) est divise ; et tee pour servir de
base, de fagon quo le son           un moyen de lecture pour lire
successive- d'origine (WO) puisse Otre reproduit, et ayant  45  ment
lesdites donn6es d'enveloppe provenant une forme d'onde variable avec la
longueur;         dudit dispositif a memoire de forme d'onde, a un moyen
gen6rateur de signal diff6rentiel      une fr~quence correspondant a ladite
hauteur (11; 11 A; 11-1 - 11-n) pour g6n6rer un signal     tonale d6sign6e,
ledit son de base (Ws) 6tant differontiel (WEN) correspondant a la
diff6rence    constitu6 desdites donn6es d'enveloppe. entre ledit son
d'origine (WO) et ledit son de   50 base (Ws), ledit signal diff6rentiol
(WEN) ayant  6. Dispositif g6n6rateur de son tel que defini dans une
amplitude sensiblement inf6rieure a l'am-       la revendication 1 ou 3,
dans lequel ledit plitude dudit son de base (Ws) ; et                 moyen
g6n6rateur de son de base (48, 49, 50) des moyens de synthase (25) relies
audit        comprend: moyen g6n6rateur de son de base et audit  55
un moyen generateur de parambtres (50) moyen gen6rateur de son differentiel
pour syn-      pour produire un parambtre destin6 a syntheti- ser ledit son
de base (Ws) ; et 10  
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synthbse pour synth6tiser           prend: ledit son de base selon ledit
parametre et             un moyen g6nerateur de forme d'onde ladite hauteur
tonale d6sign6e.                     source sonore (48) pour produire un
signal de forme d'onde source sonore en conformit6 - 7. Dispositif
g6nerateur de son tel que d6fini dans   5  avec ladite hauteur tonale
designee; I'une des revendications 1-6, dans lequel ledit        un moyen
g~nerateur de coefficient de fil- moyen gen6rateur de signal differentiel
(f1;       tre (50) pour produire un coefficient de filtre 11A ; 11-1 -
11-n) comprend une m6moire            et ayant une premibre a une enieme
zones de               un moyen de filtrage numerique (49) reli6 memoire,
memorisant de premieres a eniemes   io    audit moyen gen6rateur de forme
d'onde sour- donnees de signal differentiel respectivement,      ce sonore
et audit moyen g6nerateur de coeffi- lesdites premieres donn~es de signal
differen-      cient de filtre (50) destin6 a filtrer pour le tiel etant
une forme d'onde codee d'une pre-        numdriser, ledit signal de forme
d'onde source miere forme d'onde diff6rentielle (WE,), qui       sonore,
selon une caract6ristique de filtre d6- repr6sente une diffdrence entre
ledit son d'ori-  15  terminee par ledit coefficient de filtre, pour gine
(WO) et ledit son de base (Ws), et lesdites    produire ledit son de base
(Ws). 6nibmes donn6es de signal differentiel 6tant une forme d'onde codee
d'une dnieme forme       11. Dispositif g6nerateur de son tel quo defini
dans d'onde differentielle (WEN) qui repr6sente une     la revendication 1,
dans lequol \,S"    difference entre une (n-1)e formo d'onde diffe-  20
ledit son de base (Ws) est un signal pro- rentielle (WEN.1) quo l'on
souhaite avoir en m6-    duit en 6chantillonnant une forme d'onde de moire
dans la (n-1)e zone de m6moire, et les       son d'origine (WO)
correspondant audit son (n-1)es donnees de signal diff6rentiel (WESN-1)-
d'origine, a une fr6quence d'6chantillonnage qui ont en fait At6 memorisee
dans la (n-1)e        pr4ddterminde et des valeurs d'amplitude de zone de
m6moire, ledit signal diff6rentiel etant  25  codage des points
d'echantillon respectits, constitu6 des premieres aux 6nibmes donn6es
avoc une valeur numerique de N bits; et de signal differentiel.
ledit signal differentiel (WEN) ost un signal produit en codant, au moyen
d'une valour nu- 8. Dispositif generateur de son tel quo d6fini dans
merique de M bit ou bits, une difference entre l'une des revendications
1-7, qui comprend en   30  ledit son de base cod6 at ladite forme d'onde
outre un moyen de designation de couleur            de son d'origine, ou M
et N sont des ontiers sonore (15) pour designer une couleur sonore
positifs et N ost superieur a M. selectionn6e parmi une pluralite de
couleurs sonores, et dans loquel lesdits moyen g6n6ra-   12. Proc6d6 pour
fournir des donn~es de forme teur de son de base (10 ; 1OA ; 48, 49, 50) et
35  d'onde de son, caracterise par moyen g6n6rateur de signal diff6rentiel
(11            une 6tape consistant a coder une forme 11A, 11-1 - 11-n)
g6nbrent respectivement le-      d'onde d'origine, adapt6e pour servir de
base dit son de base (Ws) et ledit signal diff6rentiel   a un son d'origine
(WO) a reproduire, pour \Q/    (WEN) correspondants a la couleur sonore
d6si-      gen6rer de premieres donn~es de forme d'on- gnee.
40       de, constituant un son de base (Ws); une 6tape consistant a
soustraire lesdites 9. Dispositif generateur de son tel quo d6fini dans
promibres donn6es de forma d'onde (Ws) de la revendication 1, dans lequel
ledit moyen        ladite forme d'onde d'origine (WO), pour gene-
g6n6rateur de son de base (10; 10A) corn-           rer de secondes donn6es
de forme d'onde, prend:                                     45
constituant un signal differentiel (WEN) ; ot un premier moyen destin6 a
produire des             une 6tape consistant a memoriser lesdites donn6es
de son de base qui sont repr6sentees        premieres et secondes donn6es
de formo sous une formo telle quo ledit son de base          d'onde (Ws,
WEN) dans un dispositif A memoi- (Ws) soit modul6 selon un mode de modula-
re, la sommation desdites premieres et secon- tion pr6d6tormine ; at
50       des donnees de forme d'onde 6tant utilisee en un second moyen
destine A d6moduler             tant quo donnees de forme d'onde de son,
lesdites donn6es de son de base, gen6r6es          correspondant audit son
d'origine (WO). par ledit premier moyen, afin de produire ledit son de base
(Ws).                               13. Proc6d6 destine a fournir des
donnees de 55      formo d'onde de son, tel quo defini dans la 10.
Dispositif gdndrateur de son tel quo dMfini dans   revendication 12, lequel
comprend dgalement: la revendication 1, dans lequel ledit moyen
une etape consistant a lire lesdites pro- generateur de son de base (48,
49, 50) corn-        mibres et secondes donnees de forme d'onde  
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(Ws, WEN) provenant dudit dispositif d memoi-      weist: re ; et une 6tape
consistant & fournir un signal de     einen Differenzspeicher (20, 20') zum
Spei- son musical fonde sur les premibres et secon-      chern des
Differenzsignals (WEN); und des donn6es de forme d'onde (WS, WEN) lues.
5 eine Ausleseeinrichtung zum Auslesen des Dif- Patentanspr~lche
ferenzsignals (WEN) entsprechend der ausge- w~hlten Tonh6he. 1.
Tonsignalerzeugungsvorrichtung mit einer Ton- hohenauswfhleinrichtung (12,
13) zum Aus-  to  4. Tonsignalerzeugungsvorrichtung  nach einem w~hlen der
Tonh6he elnes zu erzeugenden             der Ansprfche 1-3, bei der das
Grundtonsignal Tones,                                             (Ws)
durch Grundtondaten gebildet ist, wobei die Grundtondaten aus dem
Originaltonsignal dadurch gekennzeichnet, dal                        (WO)
abgeleitete Daten sind, die Ober eine 15      vollstandige Klangperiode des
Originaltonsi- sie ebenfalls aufweist:                             gnals
(WO) kodieil sind. eine Grundtonsignalerzeugungseinrichtung (10;   5.
Tonsignalerzeugungsvorrichtung  nach einem 1OA; 48, 49, 50) zum Erzeugen
eines Grund-         der AnsprUche 1-3, be! der die Grundtonsignal- kJ
tonsignals (Ws) mit der ausgew~hlten Tonho-   20     erzeugungseinrichtung
(10A) aufweist: he, dessen Wellenform sich im zeitlichen Ver- lauf andert,
wobei das Grundtonsignal aus ei-      eine Wellenformspeichereinrichtung
(40) zum ner Wellenform abgeleitet ist, die als Basis far    Speichern von
Rahmen-Daten, die sich auf das wiederzugebende Originaltonsignal (WO)
mehrere Rahmen-Wellenformen beziehen, wel- dient, und das eine zeitlich
veranderbare Wel-  25  che jeweils zu mehreren Rahmen geh6ren, in lenform
aufweist;                                  die das Grundtonsignal (Ws)
unterteilt ist; und eine Differenzsignalerzeugungseinrichtung (11;
eine Ausleseeinrichtung zum  aufeinanderfol- 11A; 11-1 - 11-n) zum Erzeugen
eines Di~fe-        genden Auslesen der Rahmen-Daten aus der renzsignals
(WEN), das der Differenz zwischen   so  Wellenform-Speichereinrichtung mit
einer der dem Originaltonsignal (WO) und dem Grund-           ausgew~lilten
Tonhohe entsprechenden Ge- tonsignal (Ws) entspricht und das eine Ampli-
schwindigkeit, wobei das Grundtonsignal (Ws) tude aufweist, die wesentlich
niedriger ist als     durch die Rahmen-Daten gebildet ist. die Amplitude
des Grundtonsignals (Ws); und 35  6. Tonsignalerzeugungsvorrichtung   nach
An- eine mit der Grundtonsignalerzeugungseinrich-       spruch 1 oder 3,
bei der die Grundtonsignaler- tung und der
Differenzsignalerzeugungseinrich-      zeugungseinrichtung (48, 49, 50)
aufweist: tung verbundene Synthetisierungseinrichtung (25) zum
Synthetisieren eines dem Originalton-      eine
Parametererzeugungseinrichtung (50) zum signal entsprechenden Tonsignals
auf der Ba-  40   {  Erzeugen eines Parameters zum Synthetisie- sis der
Addition des Grundtonsignals (Ws) und      ren des Grundtonsignals (Ws);
und des Differenzsignals (WEN). eine Synthetisierungseinrichtung zum
Syntheti- 2. Tonsignalerzeugungsvorrichtung   nach   An-         sieren des
Grundtonsignals entsprechend dem spruch 1, bei der die Grundtonsignalerzeu-
45     Parameter und der ausgewahiten Tonh6he. gungseinrichtung (10; 10A)
aufweist: 7. Tonsignalerzeugungsvorrichtung  nach einem einen
Grundtonspeicher (14) zum  Speichern          der Anspruche 1-6, be! der
die Differenzsignal- des Grundtonsignals (Ws), dessen Wellenform
erzeugungseinrichtung (11; 11A; 11-1 - 11-n) mehrere Perioden aufweist; und
50       einen Speicher mit ersten bis n-ten Speicher- bereichen aufweist,
die jeweils erste bis n-te eine Ausleseeinrichtung zum  Auslesen des
Differenzsignaldaten speichern, wobei die er- Grundtonsignals (Ws)
entsprechend der ausge-        sten Differenzsignaldaten eine kodierte
Wellen- wAhlten Tonh6he.                                    form  einer
ersten Differenzwellenform  (WE,) 55      sind, welche die Differenz
zwischen dem Origi- 3  Tonsignalerzeugungsvorrichtung   nach   An-
naltonsignal (WO) und dem  Grundtonsignal spruch 1 oder 2, bei der die
Differenzsignaler-     (Ws) angibt, und wobei die n-ten Differenzsi-
zeugungseinrichtung (11; 11 A; 1 1-1 - I 11-n) auf-  gnaldaten eine
kodierte Wellenform der n-ten 12   
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Differenzwellenform  (WEN) sind, weiche der     11.
Tonsignalerzeugungsvorrichtung   nach   An- Differenz zwischen der (n-1)ten
Differenzwel-      spruch 1, bei der lenform (WEN.1), die in dem (n-i)ten
Speicher- bereich gespeichert werden soll, und den tat-      das
Grundtonsignal (Ws) ein Signal ist, das sachlich in dem (n-1)ten
Speicherbereich ge-   5    durch das Abtasten einer dem  Originalton-
speicherten   (n-1 )ten   Differenzsignaldaten     signnal entsprechenden
Originaltonwellenform (WESN-1) angibt, wobei das Differenzsignal
(WO) mit einer vorbestimmten Abtastrate und durch die ersten bis n-ten
Differenzsignaldaten     das Kodieren von Amplitudenwerten jeweiliger
gebildet ist.                                       Abtastpunkte mit einem
EDigitalwert von n Bits 10      erzeugt wird; und 8.
Tonsignalerzeugungsvorrichtung nach einem der Ansprtche 1-7, ferner mit
einer Klangfar-       das Differenzsignal (WEN) ein Signal ist, das
benautswhleinrichtung (15) zum Auswahlen ei-       erzeugt wird, indem  die
Dlfferenz zwIschen ner Klangfarbe aus mehreren Klangfarben, und       dem
kodierten GrundtonsIgnal und der Origi- bei der die
Grundtonsignalerzeugungseinrich-   15   naltonwellenform mit einem
Digitalwert von m tung (10; 10A; 48, 49, 50) und die Differenzsi-     Bit
oder Bits kodiert wird, wobei m und n gnalerzeugungseinrichtung (11; 11A,
11-1 - 11-      positive ganze Zahlen sind und n gro1er m ist. n) jeweils
das Grundtonsignal (Ws) und das Differenzsignal (WEN) entsprechend der
ausge-   12. Verfahren zum Liefern von Tonwellenformda- w~hlten Klangfarbe
erzeugen.               20      ten, gekennzeichnet durch den Schritt des
Ko- dierens einer Originalwellenform, die als Basis 9.
Tonsignalerzeugungsvorrichtung   nach  An-          fUr ein
wiederzugebendes Originaltonsignal spruch 1, bei der die
Grundtonsignalerzeu-          (WO) dient, um erste Wellenformdaten zu er-
gungseinrichtung (10; 10A) aufweist:               zeugen, die ein
Grundtonsignal (Ws) bilden; 25 eine erste Einrichtung zum  Erzeugen von
den Schritt des Subtrahierens der ersten Wel- Grundtondaten, die derart
vorliegen, daB das        lenformdaten (Ws) von der Originalwellenform
Grundtonsignal (Ws) entsprechend ainer vorbe-       (WO) zur Erzeugung
zweiter Wellenformdaten, stimmten Modulationsart moduliert ist; und
die ein Differenzsignal (WEN) bilden; und 30 eine zweite Einrichtung zum
Demodulieren der        den Schritt des Speicherns der ersten und der von
der ersten Einrichtung erzeugten Grund-         zweiten Wellenformdaten
(WS, WEN) in einer tondaten zum Erzeugen des Grundtonsignals
Speichervorrichtung, wobei die Summe der er- (Ws).
sten und der zweiten Wellenformdaten als dem 35      Originaltonsignal (WO)
entsprechende Tonwel- 10. Tonsignalerzeugungsvorrichtung   nach   An-
lenformdaten verwendet wird. spruch 1, bei der die Grundtonsignalerzeu-
gungseinrichtung (48, 49, 50) aufweist:         13. Verfahrsn zum Liefern
von Tonwellenformdaten _j
nach Anspruch 12, das ferner umfalt: eine
Tonquellen-Wellenformerzeugungseinrich-   40 tung (48) zum Erzeugen eines
Tonquellen-Wel-        den Schritt des Auslesens der ersten und der
lenformsignals entsprechend der ausgewAhIten       zweiten Wellenformdaten
(WS, WEN) aus der Tonh6he;
Speichervorrichtung; und eine  Filterkoeffizientenerzeugungseinrichtung
45  den Schritt des Lieferns eines Musiktonsignals (50) zum  Erzeugen eines
Filterkoeffizienten;       auf der Grundlage der ausgelesenen ersten und
und zweiten Wellenformdaten (Ws, WEN)- eine mit der
Tonquellen-Wellenformerzeu- gungseinrichtung und der Filterkoeffizientener-
50 zeugungseinrichtung (50) verbundene Digital- Filtereinrichtung (49) zum
digitalen Filtern des Tonquellen-Wellenformsignals  entsprechend einer
durch den Filterkoeffizienten bestimmten Filtercharakteristik, um  das
Grundtonsignal  55 (Ws) zu erzeugen. 13    


