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variation monotonous. In addition, this conventional apparatus changes The
present invention relates to a musical tone    over the waveform by the
cross-fade method byevery signal generating apparatus, and more
particularly to  predetermined time interval, which cannot offer deli- a
musical tone signal generating apparatus which   5   cate tone color
variation of the electronic musical In- generates a musical tone signal
based on stored wa-  strument to be performed. veform data.
Further, when playing the non-electronic musical Japanese Utility Model
Laid-Open Publication   instrument, the intensity level of the musical tone
No. 55-60191 discloses the conventional musical    (i.e., envelope level of
the musical tone) Is varied In tone signal generating apparatus which
synthesizes   10  lapse of time. In addition, the tone color is slightly
var- the musical tone signal by use of plural musical tone  ied in response
to the variation in the intensity level control parameters.
of the musical tone. This is the condition by which the More specifically,
this conventional apparatus  non-electronic musical instrument can offer
great provides two waveform memories each storing differ-  representations.
ent waveform data. Two waveform data are multiplied   15  Furthermore, the
pitch variation is made in order by the musical tone control parameter,
i.e., a note  to apply musical effects such as initial-touch and af-
scaling parameter. Thus, the conventional apparatus  ter-touch effects to
the musical tone. In this case, If forms two intermediate waveform data
whose ampli-  the pitch variation and tone color variation can be si- tudes
vary in response to the tone pitch. Then, two in-  multaneously given to
the musical tone, it is possible termediate waveform data are added
together, result-  20  to obtain the musical tone having great representa-
ing that one waveform data is synthesized. The syn-  tions. In fact, in the
non-electronic musical instru- thesized waveform data has the waveform
which is   ment, when the pitch is varied, the tone color is also different
from the waveforms originally stored in two  slightly varied. Therefore, it
is demanded that the waveform memories.
electronic musical instrument can simulate the However, this conventional
apparatus is disad-  25  above-mentioned feature of the non-electronic
musi- vantageous in that the synthesized musical tone wa-  cal instrument.
veform signal can offer monotonous variation only be-   EP-A-0 235 768
relates to a parameter supply de- cause the conventional apparatus can
merely inter-  vice for storing parameters determining characteris- polate
two waveforms. For this reason, the conven-  tics of a tone such as
waveshape data In a memory tional apparatus cannot generate the musical
tone   30  of an electronic musical instrument and reading out having
various representations.                    these parameters in accordance
with plural parame- Actually, the conventional apparatus can use   ter
determining factors and discloses an addresssys- only one musical tone
control parameter, i.e., note      tem for accessing the memory. scaling
parameter. As a result, the synthesized musi-  It is accordingly a primary
object of the present in- cal tone waveform signal cannot offer the
complicat-  35  vention to provide a musical tone signal generating ed
variation in tone color, by which the conventional  apparatus capable of
generating the musical tone wa- apparatus cannot represent various musical
scenes.  veform signal which offers various variations In re- Meanwhile,
Japanese Patent Laid-Open Publica-  sponse to plenty of musical tone
control parameters. tion No. 60-147793 discloses another conventional
It is another object of the present invention to pro- musical tone signal
generating apparatus which can   40  vide a musical tone signal generating
apparatus ca- alter the tone color in lapse of time.             pable of
varying the tone color in response to the va- In this apparatus, continuous
musical tone wave-  riation of the musical tone level depending on envel-
forms of some periods are subject to the sampling  ope information,
expression information, touch infor- process and then stored in the
waveform memory as  mation etc. the musical tone waveform of attack
portion. In addi-  45  It is still another object of the present invention
to tion, as the musical tone waveform succeeding the at-  provide a musical
tone signal generating apparatus tack portion, plural segment waveforms
each corre-  which can cause the tone color variation in response sponding
to one period are subject to the sampling  to the pitch variation. process
and then stored in the waveform memory.       These objects are achieved
with an apparatus as Thereafter, a pair of two segment waveforms is read
50  set out in the appended claims. out, and the read waveform is changed
over by every   Further objects and advantages of the present in-
predetermined time interval by use of so-called    vention will be apparent
from the following descrip- "cross-fade" method. Thus, the tone color to be
tion, reference being had to the accompanying draw- sounded is varied.
Ings wherein preferred embodiments of the present However, the
above-mentioned conventional ap-  55  Invention are clearly shown. paratus
is designed to merely read the waveform data  In the drawings: from the
waveform memory in accordance with the       Fig. 1 is a block diagram
showing an electric con- predetermined program, which makes the tone color
figuration of an electronic musical instrument us- 2    



3                   EP 0 385 444 B1 ing the musical tone signal generating
apparatus   Fig. 27 shows a signal waveform used for explain- according to
a first embodiment of the present in-  ing operation of the third
embodiment. vention;                                           Next,
description will be given with respect to pre- Fig. 2 is a conceptual
diagram showing a dia-  ferred embodiments of the present invention by
refer- grammatical configuration of a waveform mem-   5   ring to the
drawings. ory shown in Fig. 1; Fig. 3 shows a signal waveform of
fundamental  [A] FIRST EMBODIMENT segment waveform data; Figs. 4 and 5 are
tables showing several kinds of  (1) Configuration of First Embodiment data
stored in a waveform bank data portion;  10 Fig. 6 is a table showing a
selecting condition    Referring now to the drawings, wherein like ref-
data file management data portion;             erence characters designate
like or corresponding Fig. 7 is a table showing a waveform bank ad-   parts
throughout the several views, Fig. 1 Is a block dress converting table data
portion;            diagram showing an electric configuration of a mono-
Figs. 8 to 11 are drawings used for explaining   15  phonic electronic
musical instrument 1 according to weighted coefficients [err] of
k-coordinate-  the first embodiment of the present invention. In Fig. axis,
i-coordinate-axis, j-coordinate-axis;    1, the electronic musical
instrument 1 provides a wa- Figs. 12 and 13 are conceptual drawings used
for  veform memory 2 which stores plenty of fundamental explaining
interpolation synthesizing operation  segment waveform data (i.e., waveform
data of one carried out on the fundamental waveform data in  20
period)[err]. One of the fundamental segment wave- the three-dimensional
coordinate address sys-  form data [err] is selected and then repeatedly
read tem;                                           from the waveform
memory 2 by a waveform reading Fig. 14 is a block diagram showing detailed
con-  signal READ which is obtained from an address coun- figuration of the
waveform memory shown in Fig.  ter 3. The read fundamental segment waveform
data 1;                                        25  is outputted from the
waveform memory 2 as a musi- Fig. 15 is a block diagram showing detailed
con-  cal tone waveform signal WDATA. figuration of an Interpolation
circuit shown in Fig.  The waveform memory 2 includes M memory 14;
bank groups BANKm (where m= 1, 2, ...  M), each of Fig. 16 is a table used
for explaining the operation  which further includes K waveform banks WBk
(where of the interpolation circuit;              30  k= 1, 2, ..., K).
Fig. 17 is a block diagram showing detailed con-  In the first embodiment,
the number K of the wa- figuration of the waveform memory according to
veform banks included in each bank group [err] a modified example of the
first embodiment;    set as an arbitrary integral number. Fig. 18 is a
block diagram showing detailed con-   With respect to the tone color
assigned to the figuration of a coefficient generating circuit  35  bank
group [err] selected by a bank group select- shown in Fig. 17;
ing signal [err] the fundamental segment wave- Fig. 19 is a table used for
explaining the interpo-  form data[err] representative of the musical tone
cor- lation synthesizing operation;                 responding to the tone
area including the pitch of each Fig. 20 is a block diagram showing an
electronic  key code are sequentially stored at memory areas musical
instrument according to a second em-  40  each having the predetermined
coordinate address. bodiment of the present invention;
Herein, Fig. 2 shows the coordinate addresses of Fig. 21 is a conceptual
diagram showing a wave-  the fundamental segment waveform data [err] stored
in form data memory portion shown in Fig. 20;     the waveform banks WBk
(where k= 1, 2, ..., K) in- Fig. 22 shows a signal waveform of the funda-
cluded in the bank group BANK1 (where m=1) In de- mental waveform data used
in the second em-  45  tail. These coordinate addresses shown in Fig. 2 can
bodiment as shown in Fig. 21;                  be designated by
three-dimensional coordinate ad- Fig. 23 shows asignal waveform used for
explain-  dress system including i-coordinate-axis, j-coordin- ing a level
detecting operation of the second em-  ate-axis and k-coordinate-axis. By
designating the bodiment;                                      coordinate
address k (where k= 1, 2, ..., K) (which is Fig. 24 is a block diagram
showing an electronic  50  denoted as tone pitch address) along the
k-coordin- musical instrument according to a third embodi-  ate-axis, each
of waveform banks WB1, WB2, ..., WBK ment of the present Invention;
can be selected. By designating the coordinate ad- Fig. 25 shows signal
waveforms used for explain-  dress i (where i= 1, 2, ..., i) (which is
denoted as pitch ing an interpolation coefficient used in the third
address) along the i-coordinate-axis, each of the co- embodiment as shown
in Fig. 24;           55  ordinate addresses of No.1, No.2, ..., No.1
memory Fig. 26 is a block diagram showing detailed con-  areas included in
No.k waveform bank WBk can be figuration of an interpolation circuit shown
In Fig.  designated. Further, by designating the coordinate 24; and
address j (where J= 1, 2,..., J) (which is denoted as 3    



5                  EP 0385 444 B1                  6 level address), each
of the coordinate addresses of   The fundamental segment waveform data
[err] is No.1, No.2, ..., No.J memory areas included in No.i  designated by
a pitch designating signal PICH and a memory area can be designated.
level designating signal LEVL(which are used as third Herein, the numbers
I, J  of the memory areas in-  and fourth performance information
respectively). cluded in each waveform bank are set as arbitrary in-   5
Herein, the pitch designating signal PICH is generat- tegral numbers
respectively.                      ed from a pitch variation waveform
generating circuit When the performer depresses a key of a key-   15, while
the level designating signal LEVL Is an en- board portion 4, a
key-depression detecting circuit 5  velope signal ENV generated from an
envelope wa- generates a key code signal KC indicative of the key  veform
generating circuit 16. code of the depressed key and a key-on signal KON
10  The pitch variation waveform generating circuit indicating that the key
is depressed. The key code sig-  15 receives an Initial-touch signal INTL
and an after- nal KC is supplied to a frequency information convert-  touch
signal AFTR which are obtained from an initial- ing circuit 6 wherein
F-number data FN is generated  touch detecting circuit 21 and an
after-touch detect- as frequency information corresponding to the tone  ing
circuit 22 respectively. These circuits 21, 22  are pitch of the key code
signal KC . The F-number data  15  provided for each key of the keyboard
portion 4. In ad- FN is supplied to the address counter 3.          dition,
the pitch variation waveform generating circuit The address counter 3
accumulates the F-num-   15 further receives the key code signal KC, key-on
ber data FN by every predetermined clock timing.  signal KON and tone color
selecting signal  TC. The Then, integral part of the accumulation result is
used  pitch designating signal PICH consists of data of sev- as the
waveform reading signal READ. By use of such   20  en bits, for example,
Indicating the pitch variation wa- waveform reading signal READ, the
fundamental     veform determined by initial-touch operation and af-
segment waveform data [err] having a fundamental    ter-touch operation
based on the key code and tone segment waveform DREF consisting of
No.0-No.1 023  color of the depressed key while the key Is depressed.
sampling data SAMP can be read out by the speed       The envelope waveform
generating circuit 16 re- corresponding to the tone pitch of the depressed
key  25  ceives the initial-touch signal INTL, after-touch signal as shown
in Fig. 3.                               AFTR, key code KC, key-on signal
KON and tone col- The fundamental segment waveform data [err] to   or
selecting signal TC. Then, the envelope waveform be read out by the
waveform reading signal READ is  generating circuit 16 generates the
envelope signal selected based on waveform selecting condition des-  ENV as
the level designating signal LEVL, wherein ignated by four pieces of
performance information   30  the envelope signal ENV Is formed by the
envelope which cause a variation to the fundamental segment  waveform
indicating the level variation corresponding waveform [err]
to the initial-touch operation and after-touch opera- Herein, first
performance information Is the tone  tion based on the key code and tone
color of the op- color. When the performer operates a tone color se-
erated key during a period between a key-on timing lector 11 (shown in Fig.
1) provided at an operation   35  and a key-off timing. panel (not shown),
a tone color selecting signal gen-  As a result, the waveform memory 2
outputs a erating circuit 12 outputs a tone color selecting signal  musical
tone waveform signal WDATA which is multi- TC to a bank group selecting
circuit 13. The bank  plied by the envelope signal ENV in an envelope ap-
group  selecting circuit 13 supplies a bank group se-  plying circuit 25
which is constructed as a multiplier. lecting  signal SELBANK to the
waveform memory 2.    40  Thereafter, the multiplication output of the
envelope In addition, second performance information is  applying circuit
25 is converted Into an analog signal the tone pitch. When the key code
signal KC is sup-  In a digital/analog (D/A) converter 26. This analog sig-
plied to the waveform memory 2 as a waveform bank  nal is supplied to a
sound system 27 as a musical tone selecting signal [err] the corresponding
waveform  signal SOND. bank WBk is selectively designated. Thus, it Is
possi-  45 ble to selectively designate the waveform bank WBk  (2) Data
Management of Waveform Memory 2 which stores the waveform data
corresponding to the tone area including the tone pitch of the depressed
As shown in Fig. 2, data included In one bank key.
group BANKm (i.e., all of fundamental segment wa- In the first embodiment,
the number K of the wa-  50  veform data [err] representative of the same
tone color) veform banks WBk is set smaller than the number of  are managed
as the data having coordinate address- the key codes which can be
designated in the key-  es (i, j, k) in the three-dimensional coordinate
address board portion 4. For example, this number K is set at  system.
"128". Actually, the waveform data having the funds-  Thus, when the
performer varies the pitch of the mental segment waveform [err]
corresponding to the  55   musical tone to be generated, the coordinate
address key code designated by the musical performance is  I for the
fundamental segment waveform data [err] to be generated by effecting the
interpolation based on the  read out is varied in response to the pitch
variation. fundamental segment waveform data [err].            When the
performer varies the envelope level of the 4    
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generated, the coordinate address  Fig. 6 and a waveform bank address
converting table j for the fundamental segmentwaveform data [err] to be
data portion [TABLE] shown in Fig. 7 are provided for read out is varied in
response to such level variation.  each tone color. Meanwhile, the waveform
bank ad- Further, when the performer changes the key to be  dress [err] is
required to read out the waveform operated, the coordinate address k for
the fundamen-   5   data DATAof the waveform bank data portion [DATA] tal
segment waveform data [err] to be read out Is varied  as described in Figs.
4, 5. Such waveform bank ad- in response to the change of the key code
which is oc-  dress [err] is formed in the above-mentioned two curred due
to the key change.                     data portions [FILE], [TABLE] in
accordance with the Herein, each of No.1 bank group BANK1, No.2   following
procedures. - -     bank group BANK2, ...., No.M bank group BANKM in-  10
The waveform bank selecting signal [err] (see cludes km waveform banks
[err]. As shown in    Fig. 1) made by the key code signal KC obtained from
Fig. 4, the predetermined coordinate addresses are  the key-depression
detecting circuit 5 is applied to the continuously assigned to the waveform
banks. There-  selecting condition data file management data por- fore, by
designating the coordinate address for each  tion [FILE] as key code
directory. waveform bank WBk (where k = 1 - km), it is possible  15
Herein, a key code number "w" equals "1", "2",..., to designate the
fundamental segment waveform     "128". The selecting condition data file
management data [err] stored in a waveform bank data portion [DATA]  data
portion [FILE] stores file data of sixteen bits with of the waveform memory
2.                         respect to the key code number w (where w = 1,
2, More specifically, as the head addresses of wa-  128). The upper nine
bits (i.e., leftmost nine bits) of veform banks [err]included in
20  the file data indicate a weighted coefficient aw (where No.1 bank group
BANK1, coordinate addresses        w= 1, 2, ..., 128), while lower seven
bits (i.e., right- [err] are given. In ad-  most seven bits) of the file
data indicate data dition,  coordinate   addresses [err]
WBSELw (where w= 1, 2, ..., 128) which designates [err] are respectively
assigned to   one of the waveform bank number WBk (where k= 1, waveform
banks [err] included in                25  2,..., Km). No.2 bank group
BANK2. Similarly, coordinate ad-     The specific weighted coefficient aw
Is assigned dresses [err] are re-  to corresponding one of the key code
number w,  while spectively assigned to waveform banks WB1, ...,   any one
of the waveform bank number WBk is set as [err] included in No.M bank group
BANK[err]           the data WBSELw Thus, the interpolation operation In
the waveform bank data portion [DATA], each  30  is carried out on the
fundamental segment waveform memory area to which the waveform bank address
data corresponding to plural key code numbers stored [err] (where k = 1 to
Km, m= 1 to M) is given    in neighboring waveform banks WBk and [err] by
se- stores pitch number converting coefficient data [err]    lecting the
desirable weighted coefficients "a", level number converting coefficient
data [err]and     wherein neighboring pitch addresses k, k+1 are re- pitch
address offset data PAOkm as the waveform   35   spectively given to
neighboring waveform banks WBk, data DATAas shown in Fig. 5. These three
data PCkm,  [err] [err] are used as management data which are   Fig. 8
shows the case where key codes KCw, commonly used with respect to all
fundamental seg-  [err] to which key code numbers w, w+1, w+2 ment waveform
data [err] belonging to the correspond-  are respectively assigned are
included within the ing waveform bank. In addition, each memory area  40
pitch range between the waveform bank numbers also stores sampling waveform
data [err] (where i= 1  WBk and WB[err] In this case, weighted coefficient
[err] to [err]= 1 to [err] k= 1 to Km) which makes the fun-  & waveform
bank WBk, weighted coefficient [err] damental segment waveform data [err]
waveform bank [err] weighted coefficient [err] Herein, the waveform bank
address [err] in-  waveform bank [err] are respectively assigned to dicates
the coordinate address of the memory area  45  three file data
corresponding to key codes [err]
forstoringthewaveformdataDATAofNo.kwaveform          [err] bank [err]
included in No.m bank group BANKm. Fig.        Thus, the interpolation
operation is carried out on 2 shows detailed map of the addresses of No.1
we-  the fundamental segment waveform data [err] by veform bank WB1 within
No.1 bank group BANK1. As  use of weighted coefficients [err] in the fol-
shown in Fig. 1, the head address of the fundamental  50  lowing formulae
(1), (2), (3) so that Interpolated fun- segment waveform data [err] can be
designated by the  damental segment waveform data [err] pitch address i
(where i= 1 to [err] and level address j     [err] are computed. Therefore,
the interpolated (where j = 1 to J11).
fundamental segment waveform data have respec- tive tone colors
Intermediate to the tone colors of the (3) Read-Out Operation of Waveform
Data      55  fundamental segment waveform data [err] [err] In the first
embodiment, a selecting condition      [err] data file management data
portion [FILE] shown in 5    
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operation on the fundamental segment waveform Among these Interpolated
fundamental segment    data [err]ittenatpitchaddresses [err] waveform data,
Fig. 9 shows waveforms concerning          [err] the interpolated
fundamental segmentwaveform data                [err] [err]. As shown in
Fig. 9, the value of the interpolat-   5     [err] ed fundamental segment
waveform data [err] is                    [err] The above-mentioned
interpolated fundamental computed by performing an interior division
operation  segment waveform data [err] on the fundamental segment waveform
data [err]           have respective values as similar to the value of the
stored in the waveform banks [err]corre- sponding to the tone pitches which
sandwich the des-  10   foregoing interpolated fundamental segment wave-
form data Fw(err) as shown In Fig. 9. For example, the ignated key code
KCw. More specifically, this value of  value of Fu(wt) is computed by
performing the inter- [err] Is computed by performing the Interior division
polation operation on the fundamental segment wa- operation on deviation
between [err]in the k-  veform data [err] written at pitch addresses i, i+1
coordinate-axis direction with a ratio of [err] The above-mentioned
computation is carried out with re-      corresponding to the pitches which
sandwich the pitch corresponding to the designated pitch number u. spect to
each of No.0-No.1023 sampling data.      More specifically, the value of
[err] is computed by Therefore, the waveform (representative of the
performing the interior division operation on deviation tone color) of the
Interpolated fundamental segment  between [err] in the i-coordinate-axis
direc- waveform data [err] has a resemblance to the wa-
veforms(representative of the tone colors) of the fun-  20  eration is
carried out on each of No.0-No.1023 sam- damental segment waveform data fj,
fq(k+i), wherein  pling data. this resemblance depends on the weighted
coeffi-       Therefore,thetonecolorwaveformoftheinterpo- cient a. Herein,
as the weighted coefficient aw be-  lated fundamental segment waveform data
Fu(ot) has. . . ..... comes closer to '1 *, the tone color waveform of the
in- terpolated fundamental segment waveform  data  25  the resemblance to
those of the fundamental seg- brpotbecomessmlarbtodthatofthe fundamental
segmetament waveform data fik, f(.1Xik, wherein the resem- F,(Dt) becomes
similar to that of the fundamental segment waveform data [err] On the other
hand, as the  Hence as the weighted coefficient becomes closer weighted
coefficient [err] becomes closer to "0" the   to "1", the tone color
waveform of the interpolated fun- 30  damental segment waveform
data[err]becomes of [err]                                          similar
to that of the fundamental segment waveform Herein, notation (err)
indicates a phase signal  data [err] On the other hand, as the weighted
coeffi- component which is formed by reading the sampling    dent[err]
becomes closer to "0", the tone color wave data SAMP of one period with the
waveform reading  form of [err] becomes similar to that of [err] signal
READ In lapse of time as shown in Fig. 3. Meanwhile, the pitch designating
signal PICH   35   Meanwhile,the waveform memory 2 receives the outputted
from the pitch variation waveform generat-     envelope signal ENV
generated from  the  envelope waveform generating circuit 1 6 (see Fig. 1)
as the lev- ing circuit 15 (shown in Fig. 1) is given to the selecting  el
designating signal LEVL Then, the level designat- condition data file
management data portion [FILE] as  ing signal LEVL is supplied to the
selecting conditin a pitch directory which designates one of designated
pich nmbesu (her u= ,2,.., 28).Basd onthe 40  data flile managementdata
portion [FILE) as an envel- Q    pitch numbers u (where u= 1, 2, *--, 128)-
Based on the   40   ope directory indicative of a designated level number
pitch directory, it is possible to designate the file data  Wvf (where v=
1, 2, , 128). Based on this envelope consisting of virtual weighted
coefficint bux and data  directory, It is possible to designate the file
data con- PNSELU (where u= 1, 2, ..., 128) indicative of one of  sisting of
a virtual weighted coefficient c, and data pitch numbers PN (where PN= 1,
2, ..., Im).         LNSEL, (where v= 1, 2, , 128) Indicative of one of
Fig. 10 shows the case where three variation   4    lnSELN (wherev= 1,2,
..., 128)incave ofo pitchs PI~u, PC~u+, PICu+2 re inlude  be-level numbera
LN (where LN= 1, 2, ..., Jm). By use of pitches PICHUI PlCH",1, PICHU+2 are
included be-   the file data, the Interpolated fundamental segment tween
the fundamental segment waveform data fek    waveform data Fv(cot)
corresponding to the level num- and fcI1)Jk corresponding to pitch
addresses 1, iii whichareaorrangending the i-coopinate-axis adirectio  bar
u (where u= 1, 2, ..., 128) can be obtained by the which are arranged in
the i-coordinat-axis direction.   nepltooerin In this case, weighted
coefficient bu & pitch number  50  interpolation operation. Fig. 11 shows
the case where three designated PN1, weighted coefficient b4+1 & pitch
number PNI,  variationlevelsLEVLVLEVL,+,LEVLV2areinsertd weighted
coefficient bu+2 & pitch number PNI are stor-  between fundamental segment
waveform data fuk, ed as the file data of three variation pitches PICHU,
Pi- frn)k having respective level addresses j, j+1 which 



CH,+,, PICH,+2 respectively. In accordance with the following formula (4),
(5), (6),e three Interdolaced fu- te   are neighboring addresses disposed
in the j-coordin- following formulae (4), (5), (6), three Interpolated fun-
56   ate-axis direction. In this case, Interpolated funds- damental segment
waveform data FU(cot), Fu+i(cot),  mental segment waveform data F,(Aot),
Fv+1'(ot), f;  FU2(wot) can be computed by effecting the interpola-
F,+F2(aDt) are computed In accordance with the follow- 6    11
EP 0 385 4  SB1                 12 Ing formulae (7), (8), (9) as
Intermediate data between  code directory, the waveform bank address
convert-- the fundamental segment waveform data f~k and     Ing table data
portion [TABLE] outputs the waveform fI(I-I)k-
bank address data ADRiBkmy. FAdcot) = cf~+ 1 -   7)The above-mentioned
waveform bank address 5   data ADRwBk, is supplied to the waveform bank
data Fv . 1(e0t) = CV + ifqc * (1 - CV i )f1i1 * 1)k  (8)  portion [DATA]
as the address data, resulting that the : - Fv + 2(ist) = CV + 2fUk +  (1 -
CV +   +)fu . iik  (9)  waveform bank data portion [DATA] is set at the
state. As similar to Fw(wt) shown In Fig. 9, each of the  where the pitch
number convertingd coefficient data Interpolated fundamental segment
waveform data     PCkm, level number converting coefficient data LCvd,. .
F,(rot), Fv.,(ot), F.,2(wDt) can be obtained by effecting   10  pitch
address offset data PAOki and sampling wave-. certain operation on the
fundamental segment wave-  form data f(Iiim to fcijjqm can be read out.
form data fk, f+i)k corresponding to level addresses  Then, by designating
the pitch and level address-:.. J,)+l which further correspond to the
levels sandwich-  es (lj) (where i= I to IK., J= 1 to Jro), one of the sam-
ing the designated variation level LEVLV. More spedf-  pling waveform data
f(Ijigm to f(uIqjm can be read out: ically, each of the interpolated
fundamental segment  15  Meanwhile, the pitch and level addresses (lJ),
In-: waveform data Is computed by effecting the interior  trpolatin
coefficents (bc) are respectively ob-  -. J division operation on the
deviation between fqk, fipl1)k  tained from the following formulae (10),
(11) based on; in the J-ooordinate-axis with a ratio of cv:(I-cv). Such
the pitch number select data PNSELU, level number operation Is effected on
each of No.0-No.1023 sam-  select data LNSELV and virtual interpolation
coeffI- pling data.                                   20  cents bx, C which
are designated by the pitch direc- K':    Therefore, the tone colorwaveform
of the interpo-  tory and envelope directory (see Fig. 6). lated
fundamental saegmentwaveform data F,(mt) has       rib]= t, PCkJ
[PNSELUb7] (10)     -      - . the resemblance to those of the fundamental
seg- ment waveform data F,(c.t), wherein the resemblance     [I, bi  [0,
LCk] x [LNSELW c,  (11) is determined by the weighted coefficient c, As the
25  Herein, the pitch number converting coefficient data..; weighted
coeffidient c, becomes closer to ml", the  PCkm and level number converting
coefficient data.. weighted coefficient Cv becomes closer to 1, the ~ ~ ~ ~
~  ~      nt . tone color waveform of the Interpolated fundamental  L~aesoe
ntewvfr   akdt  oto segmet waefor  dataF~Qn) beomes imilr to[DATA] as the
common data. In the above-mentioned thatof the fundamental segmentwavefbrm
datafvk I   formulae (10), (11), the notation [x, y] Indicates the-
contrast, as Cv becomes closer to "on, the tone color  30  connected
operator wherein x corresponds to integral waveform of F ,(eot) becomes
similar to that of fIJ1)k  part and y corresponds to decimal part. Both of
the pitch number converting coefficient In the selecting condition data
file management  data     an level number converting coefficient data
portion [FILE] (see Fig. 6), when the waveform bank WBk to be used for the
interpolation operation is   ; designated by the key code directory so that
the file  35  tion with each waveform bank number Ws (where k=- YJ  data
WBSELW indicative of the designated waveform   1 to K). The value ranges of
PCkm, LCkm are limited as. bank WBkiredotth read file data WBSELw Is
PC1m= 0 to 1, LCk1= 0 to 1. For this reason, the wa-- converted into
waveform bank address ADRwskm in    veform bank number  kforstorng the
pitch number, the wvefor  bankaddres conertin tabl dataconverting
coefficient data PC~e1 Indicates that the -c-'  portion [TABLEE (see Fig.
7).         fundamental segment waveform data fW (i= 1 to lb,; HereinM bank
BANK.(where  - I toM) areare written in all pitch addresses I. (where I= I
to Irm) sselected bythe bankPies group-t, (wheleting sign 1toM)in the
i-coordinate-axis. Thus, when the pitch number selected bys theM banks,
groupbank selecting signalSEPNI is designated by the pitch directory (see
Fig. 6), With respect to M banks, the waveform bank select data WBSELm
(where w= I to K) is converted into the    the fa  tal segme w        d
waveform bank address data ADRwakm (where k- I to    1 to Im) at the pitch
address I (where i= PNi) are read out as the waveform which is currently
designated. K, m= I to M) of twenty-six bits in the waveform bank * addess
cnvertng tale daa porion FBLE].On the other hand, when the pitch number
con- The present embodiment provides 26-bit mem-    verting coefficient
data PC, is at 0.5 (i.e., PCk=0.5), ory area for each address of the memory
which stores  i sidctdta h  udmna  emn  ae 



the waveform bank address data A I= This 26-       form data fk (Where 1= 1
to Im12) are stored in half of bitemoy aea s dvidd ito wo art, o whch
or-maximum number of addresses. In this case, when mer partstoresupper
sixteen bits ofADRwqj, and lat-  the pitch number select data PNSELU and
virtual In- ter par store lowerten bit of ADWBIGU.terpolation coefficient
b, are designated by the pitch As described heretofore, the bank group
select-  drcoy h  udmna  emn  aeomdt * ing signal SELLAJ  designates the
tone color cnore-  g    fu at address I (see following formula (12)) is
read out sponding to No.m tone color bank group BANK,. In   as the waveform
data which Is currently designated. thisstate, when the key code signal
KCfor reading out       i = INT([PNSEL,, bJI2)  (12) No.k waveform bank
number Is generated by the key  where the notation INT(x) indicates the
operator 7    13                  EP 0 385 444B1                  14 which
extracts the integral part of 'x.             (4) InterpolatIon
Synthesizing Operation of As similar to the pitch number converting coeffi-
Waveform Data Cent data PCk, described before, the level number converting
coefficient data LCkm is set at the value   The present embodiment carries
out the Interpo- representative of the valid memory area at which the   5
lation synthesizing operation as follows. At first, the fundamental segment
waveform data fUk are actually  fundamental segmentwaveform data fw  stored
In the stored in each waveform bank WBk.                  three-dimensional
coordinate address system (iJ,k) Thus, even If the numberof the fundamental
seg-  is read out from each bank group In the waveform ment waveform data
f~k is different with respect to the  memory 2 by the discrete pitch
address 1, levei ad- tone colorortone area, the pitch number PN1 and level
10  dressj and tone pitch address kwhich are used asthe number LN, can be
set such that all of the waveform  head addresses. Then, based on the
eightfundamen- banks WBkm will have the same valid memory area.   tal
segment waveform data written at the addresses :Herein, the number of fqk
corresponds to the memory  surrounding the addresses i, J, k, the read
fundamen- . . .  area. which stores the fundamental segment wave-     tal
segment waveform data fok are synthesized Into a... form data fuk. In this
case. the pitch and level desig-  15  synthesized waveform signal Fu.(wt)
having the .   nation can be remarkably simplified.            pitch
variation, level and tone pitch corresponding to In the presentembodiment,
an address portion of  the intermediate addresses of the addresses i, J. k.
an absolute address [AD(fm).) which simply In-         For example, as
described in connection with- crease its value as shown in the following
formula (13)  Figs. 8 to 11, when the present embodiment desig- is assigned
to each of the bank groups BANK, to  20  nate the variation pitch PICH,,
variation level LEVL, BANKM in the waveform memory 2, each of the wa-
and key code KC, corresponding to the address val- veform banks WBI to WBK
in each bank group, each    ues between the discrete addresses in
k-coordinate-- of the addresses (1=1, j=1 to J), (1=2, j=1 to J), ., (i=1,.
axis, i-coordinate-axis and j-coordinate-axis direo- j= 1 to J) in each
waveform bank and each of No.1-  tlons respectively, the weighted
coefficients bu, c, a, No.1023 sampling data SAMP stored at each ad-  25
for the file data are designated by the key code direo- i -     dress.
tory, pitch directory and envelope directory (see Fig. [AD(fluk,,)] =
ADRwmi, I' (PAOk, * I) + (1024 * j) +.  6). By use of the weighted
coefficients b, cf, a, and eight fundamental segment waveform data fvk,
f0.1)k, :: -AD(u t)  (13).
f     fl(I - - - In the above-mentioned formula (13), first ad-  30  (see
Fig. 13) having head addresses (Ij, k), (!+1j, k), dress portion AD(u t) is
the absolute address which is  (i+1, j , k+1), {i,j, k+1), (L j+1. k),
(iii, j41, k), (141,1+1, assigned to each sampling data SAMP (= fk) of the
ki1), (I, J1, k+I1) which respectively correspond to. ~-   fundamental
segment waveform DREF (see Fig. 3).  surrounding eight coordinates as shown
in Fig. 12,  .;; -    Herein, the coordinate address (e., pitch address)
in-  the interpolation operation is carried out on the wave- -crements by
w1024" indicating the the absolute ad-  85  form data corresponding to
coordinate I(i~bu), (j+c) dress corresponding to No.1-No.1023 sampling data
(k+a)1 in the three-dimensinal coordinate system SAMP by every memory area.
so that the synthesized waveform data F,,,(wt) is ob- -. - Second address
portion AD(1024.J) indicates the  tained by the computation according to
the following  - - ^*      address increment value in the Jcoordlnate-axis
di-  formula (14), whereby the pitch variation, level, tone *Of  rection.
In each of the waveform banks WB1 to WBK.  40  pitch of the musical tone to
be generated can be ob- when the pitch address i increments In the
1-coordin-  tamed ate-axis direction as 1= 1, 2, ..., I, each of the
absolute  -  - - addresses of the coordinate addresses (1=1, j=1, 2,...,
FWW(W=  awbdqk J), (i=2, J=1, 2, ., J), , (i=l, j=1, 2, ..., J) increments
+. a1bu(1 - cY)ffi  )k by "1024".
+ a4WO(1 - bu)cvfci I ilk Third address portion PAOkm*i Indicates the ad-
dress Increment value in the i-coordinate-axis direo- tion. When pitch
address Increments in the ,-coordin-            + (1 - aw)bpfu(k - 1)
ate-axis direction as i= 1, 2, ..., I, the corresponding      + (1 -
aw)bu(1 - cv)fiU * IW + 1) 



absolute address is shifted by pitch address offset  50       + (1 - aw)(1
- bu)crf . Ijk+ 1) data PAOkM (see Fig. 4) which is prestored in the wa-
( -    - b,(1 - cv)f0   . N5c 1) (14) veform bank data portion [ATA].
in the abovementioned formula (14), fu, fo1)k, Fourth address portion
ADBANKm(WBiJ indicates   f    t    abovemfnioned fora14), f, f(11Nar the
head address of the waveform bank WBk within   sample data of the
fundamental segment waveform No.m waveform bank group iBANKm
a55   data respectively stored at the coordinate addresses (ij,Jk), (1+1j;,
k), (i+1,j, k+1), (ij , k+1), Qij+1, k), (i10, j+1, k), (i+1, j+1, k+1),
(i, Ji1, ki1) (see Fig. 13). As described before in connection with Figs. 8
to ..... - .
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the synthesized waveform signal FmAwt) corre-  eration. sponds to the
coordinate position (i.e., interpolated  As described above, with respect
to the interpo- address) (ieb., jerc, keaw) which Is obtained by effect-
lated fundamental segment waveform corresponding Ing the interior division
operation on eight coordinate  to each key code signal KC which can be
synthesized, points with a ratio of bu:c,:aw. In addition, each term    5
the present embodiment selects the weighted coeffI- In the foregoing
formula (14) can be translated such  clent bu in the i-coordinate-axis
direction and another- that each fundamental segment waveform data is in-
weighted coefficient c, In the j-coordinate-axis direc- corporated in the
synthesized waveform data FU,,4t)  tion. Thus, it Is possible to synthesize
the musical as its synthesized waveform component in response  tone
waveform by carrying out the interpolation oper- to the distance between
the above-mentioned inter-  10  ation when the pitch variation and/or level
variation is polated address and each of eight coordinate points.  occurred
on the musical tone. As all of the weighted coefficients bu, cv, a, be-  As
a result, even If the number K of the waveform come closer to "I", the
Interpolated address (i4'bu,  banks WBk (where k- I to K) Included In each
bank J+c, k~a,) becomes closerto address (1+1, J+1, k+1).  group BANK,,
(where m= I to M) Is smaller than the, In addition, among all of signal
components of the   15  number of the key codes (i.e., 128 key codes in the
synthesized waveform signal Fuw,,(ot) (see foregoing
presentembodiment)which can bedesignated bythe v-"  formula (14)), the
coefficient component awbuc, for  key code signal KC, the present
embodiment can set :  the fundamental segment waveform datafk becomes  one
or more weighted coefficients a, for the wave- closer to "1". On the other
hand, other coefficient  form bank WBk so that the present embodiment can
componentabu(1-cQ) to (1-aw)(1-bu)(1-cj) forfpwji)kto  20  obtain the
interpolated fundamental segment wave- -   @ f(W1W1 become closer to "0n.
Thus, the waveform  form data stored in the waveform banks correspond- of
the synthesized waveform signal Fuswat) becomes  Ing to all key codes by
carrying out the interpolation.. s- '      similar to that of the
fundamental segment waveform  operation. data flak stored at address
(lj,k).                   Similarly, In the case where the present embodi-
In contrast, as all of the weighted coefficients bu,  25  ment requires a
plenty of pitch variation stages whose c,, a, become closer to "0", the
coordinate address  number is larger than the maximum address number
position (IFbu, J+c,, k+a,) becomes closer to address  I In the
i-coordinate-axis direction with respect to each *_-t- ''.'. (i jk) In
addion, among all signal components of  waveform bank WBk, one or more
weighted coeffi- ''F,(Dt), the coefficient component (1-a,)(1-bj)(1-cv)
cents buare setforthe neighboringfundamental seg.. ;* i-   for f~ml0+lelkF)
becomes closer to 1I". On the other  30  ment waveform data fuk, fo41k in
the i-coordinate-ax:s hand, other coefficient components (1-aj)(1-bu)cO to
direction. In this case, therefore, the present embodi- aAbucv for
f(I+1)j(k1) to fuk become closer to "0W. Thus,  ment can obtain fundamental
segment wavefo - the waveform of the synthesized waveform signal    data of
which waveforms are different from each Fw,,,o(t) becomes similar to that
of the fundamental  other in response to a plenty of pitch variation
stages. segment waveform data f(,1,)U+l1(k+l) stored at address  35
Further, in the case where the present embodi- Q(+I,j+1, k+1).
ment requires aplenty of level variation stages whose Similarly, as the
weighted coefficient aw be-  number is larger than the maximum address
number comes closer to "0", the waveform of the synthesized  J In the
j-coordinate-axis direction with respect to waveform signal Fv,,,,(t)
becomes similar to the wa-  each waveform bank WBb one or more weighted "'
! w veforms of the fundamental segment waveform data  40  coefficients c,
are set for the neighboring fundamen- fujk+jf fio.1j)ki), f(I+1H(k+1),
fo+1).1+Xk+) stored at four ad-  tal segment waveform data flk, fUo+1)k in
the j-coordin- dresses (i, J. k.1), (i, J1", k+1), (1+1, j, k+l), (i+I,
j+1,  ate-axis direction. In this case, the present embodi- k+1)
respectively. On the other hand, as aw becomes  ment can obtain the
interpolated fundamental seg- closer to "I., the waveform of the
synthesized wave-  ment waveform data in connection with a plenty of form
signal F~,,Aot) becomes similar to the wave-  45  level variation stages.
forms of the fundamental segment waveform data fik, ; fie1k fo1)k,
fol+1)a1)k stored at addresses (ij,k), (i, j+1,  (5) Detailed Configuration
of Waveform Memory k), (1+1, j, k), (iCl, J+1, k). By selecting the
predetermined value as the        Next, description will be given with
respect to the 



weighted coefficient aw according to needs as descl-  Bo  detailed
configuration of the waveform memory 2 by bed heretofore, it is possible to
obtain the interpolated  referring to Fig. 14, wherein the waveform
synthesiz- address in the k-coordinate-axis direction in each wa-  Ing
operation Is carried out as described before. veform bank group BANK,,
(where m= 1, 2, ..., M).     In Fig. 14, the waveform memory 2 provides a
Based on the interpolated address, it is possible to ob-  waveform data
memory portion 31 which stores the tain the synthesized waveform signal
F,,(rot) indicat-  55   waveform data of the waveform bank data portion ing
the waveform representative of the tone pitch of  [DATA] (see Figs. 4, 5)
and a control portion 32. The the musical tone corresponding to the keycode
signal  control portion 32 forms a read-out signal SI which KC by carrying
out the Interpolation synthesizing op-  is supplied to the waveform data
memory portion 31. 9    17                  EP 0 38 444 B1
18 Based on the read-out signal S1, a fundamental seg-  waveform datasignal
S2,whereinfukto[err]are ment waveform data signal S2 is read from the wave-
required when carrying out the interpolation opera- form data memory
portion 31 and then read signal S2  tion on the synthesized waveform signal
[err] is supplied to an interpolation synthesizing operation  which Is
described in the foregoing formula (14). In portion 33.
5   synchronism with the reading of [err] etc., the control The
interpolation synthesizing operation portion  portion 32 sends the
coefficient data [err] to the 33 includes a first-stage interpolation
circuit 33A, a  interpolation circuits 33A, 33B, 33C respectively.
second-stage interpolation circuit 33B and a third-  Thus, the
interpolation synthesizing operation portion stage Interpolation circuit
33C therein. The first-stage  33 forms and outputs the operation data
signal 83 interpolation circuit 33A receives the fundamental  10
corresponding to the synthesized waveform signal segment waveform data
signal S2. Under control of a    [err] described in the foregoing formula
(14). control signal CL1 from the control portion 32, the    All of the
interpolation circuits 33A, 33B, 33C first-stage interpolation circuit 33A
carries out the in-  have the same configuration as shown in Fig. 15.
terpolation operation corresponding to the level vari-  More specifically,
in the first-stage interpolation cir- ation in the j-coordinate-axis
direction by use of the   15  cuit 33A shown in Fig. 15, the fundamental
segment coefficient data [err] thereby outputting an operation  waveform
data signal S2 is supplied to a multiplier 35, data signal S3 to the
second-stage interpolation cir-  wherein the signal S2 is multiplied by a
coefficient cult 33B.                                          signal S11
supplied from a coefficient input circuit 36. Next, under control of a
control signal CL2 from  Meanwhile, a coefficient latch circuit 37 latches
the the control portion 32, the second-stage interpolation   20
coefficient data [err] by a latch signal [err] thereby output- circuit 33B
carries out the interpolation operation cor-  ting a latch output signal
S12. This latch output signal responding to the pitch variation in the
i-coordinate-  S12 is supplied to the coefficient input circuit 36. In axis
direction by use of the coefficient data [err] there-  response to a
complement/non-complement select- by outputting an operation data signal S4
to the third-  ing signal[err] the coefficient input circuit 36 forms the
stage interpolation circuit 33C.               25  coefficient signal S11
of which contents correspond Further, under control of a control signal CL3
to the complement or non-complement of the latch from the control portion
32, the third-stage interpola-  output signal S12. tion circuit 33C carries
out the interpolation operation  In the present embodiment, when the
comple- corresponding to the key code signal In the k-coordin-
ment/non-complement selecting signal[err]Is at "0" ate-axis direction by
use of the coefficient data [err]   30  level, the coefficient Input
circuit 36 forms comple- thereby outputting an operation data signal S5 to
the  ment (err) of [err] based on the latch output signal S12 envelope
applying circuit 25 (see Fig. 1) as the musi-  (i.e., coefficient data
[err] Then, such complement (1- cal tone waveform signal WDATA.
[err] is supplied to the multiplier 35 as the coefficient As described
before In conjunction with Fig. 1, the  signal S11. On the other hand, when
the comple- control portion 32 receives the bank group selecting   35
ment/non-complement selecting signal [err] is at "1" signal [err] waveform
bank selecting signal      level, the coefficient input circuit 36 directly
supplies [err]pitch designating signal PICH and level des-  the coefficient
data [err] to the multiplier 35as the coef- ignating signal LEVL as the
waveform reading condi-  ficient signal S11. tions, and the control portion
32 also receives the we-  Thereafter, a multiplication output signal S13
veform reading signal READ as the timing signal of  40  from the multiplier
35 is supplied to an adder 38 reading the sampling data.
wherein S13 Is added with a shift output signal S14 In the present
embodiment, data in the selecting  from a shift register 39. Then, an
addition output sig- condition data file management data portion [FILE]
nal S15 from the adder 38 is supplied to both of an and waveform bank
address converting table data     output latch circuit 40 and the shift
register 39. portion [TABLE] (see Fig. 7) are stored in a control  45  When
supplied with a latch signal[err]the output data memory portion 34 as
control data S6. The con-  latch circuit 40 latches the addition output
signal S15 trol portion 32 reads out the control data S6 in re-  and then
outputs this signal S15 as the interpolated sponse to the designated
control condition to thereby  output signal S3. Such interpolated output
signal S3 form the read-out signal S1 to be supplied to the wa-  from the
first-stage interpolation circuit 33A is to be 



veform data memory portion 31. In addition, the con-  50  supplied to the
second-stage interpolation circuit 33B trol portion 32 also forms the
control signals CL1,  as shown in Fig. 14. CL2, CL3 and coefficient data
[err] to be supplied  When supplied with a load signal[err]the shift reg-
to the Interpolation circuits 33A, 33B, 33C respective-  later 39
temporarily stores the addition output signal ly.
S15. Then, due to a shift pulse signal[err]the shift reg- Thus, under
control of the control portion 32, the  55  ister 39 sequentially outputs
the stored addition out- fundamental segment waveform data [err] to [err]
put signal S15 to the adder 38 as the shift output sig- are sequentially
read from the waveform data mem-   nal S14. ory portion 31 in form of the
fundamental segment      As described In conjunction with Figs. 12, 13, the
10    19                  EP 0 385 444 B1                  20 fundamental
segment waveform data signal S2 from       In the processing period
[err]within the operation the waveform data memory portion 31 is formed by
period SY1 shown in Fig. 16, the control portion 32 eight fundamental
segment waveform data [err] to      controls the first-stage interpolation
circuit 33A such [err]read from respective eight coordinate ad-  that the
coefficient data [err] is latched in the coefficient dresses (i, j, k) to
(i+1, j+1, k+1) surrounding the in-   5   latch circuit 37 and the shift
register 39 is cleared. terpolated address corresponding to the pitch
varia-   At this timing, the complement/non-complement tion and level
variation based on the key code of the  selecting signal[err] at "0" level
is supplied to the coef- musical tone on which the interpolation operation
is to  ficient input circuit 36 in the first-stage interpolation be carried
out. As described before with Fig. 13, each  circuit 33A. Thus, the
coefficient input circuit 36 is set of eight fundamental segment waveform
data con-  10  at the non-complement selecting state, whereby the sists of
No.0 to No.1023 sampling data. In the first-  coefficient data [err] is
supplied to the multiplier 35 as stage interpolation circuit 33A, each of
No.0-No.1023  the coefficient signal S11. Hence, the first-stage in-
sampling data is subject to the interpolation operation  terpolation
circuit 33A is initially set at the operational by the multiplier 35, adder
38, output latch circuit 40  processing start state. and shift register 39.
15      Then, in next processing period T1, under control Both of the
second-stage Interpolation circuit 33B  of the control portion 32, the
fundamental segment and third-stage interpolation circuit 33C are con-
waveform data [err] is read from the waveform data structed similar to the
first-stage interpolation circuit  memory portion 31 as the fundamental
segment wa- 33A as described above. In the interpolation circuit  veform
data signal S2, and then [err]is supplied to the 33B (or 33C), the waveform
data signal S3 (or S4) is  20   multiplier 35; the coefficient input
circuit 36 is set at supplied to the multiplier 35; a latch signal [err]
the complement selecting state; and the shift register is supplied to the
coefficient latch circuit 37 so that the  39 is activated at the load state
by the load signal[err] coefficent latch circuit 37 latches the coefficient
data  As a result, the multiplication output signal S13 is [err] and a
complement/non-complement se-     passed through the adder 38 and then
loaded In the lecting signal[err]is supplied to the coefficient  25  shift
register 39 as the addition output signal [err] input circuit 36.
Therefore, the multiplier 35 multiplies  Thus, the shift register holds
operation data S14A1 the waveform data signal S3 (or S4) by the coefficient
as described in the following formula (15). data [err]or its complement to
thereby obtain the        S14A1 = [err] multiplication output signal S13,
which is supplied to  In this processing period T1, the control portion the
adder 38. Thereafter, the addition output signal  30  32 also controls the
second-stage interpolation circuit S15 from the adder 38 is latched in the
output latch       33B such that the coefficient data [err] is latched in
the circuit 40 by a latch signal 013 (err) so that an in-  coefficient
latch circuit 37 by the latch signal[err] and terpolated output signal S4
(or S5) is formed. Mean-  the shift register 39 is cleared at the operation
start while, the addition output signal S15 is stored in the  state. shift
register 39 by a load signal [err]. Then, by   35  Next, under control of
the control portion 32 in the a shift pulse signal[err]the shift register
39  processing period T2, the fundamental segment wa- outputs its stored
signal to the adder 38 as the shift  veform data [err] is supplied to the
multiplier 35 In the output signal S14.
first-stage interpolation circuit 33A in form of the fun- Incidentally, the
control signals CL1, CL2, CL3  damental segment waveform data signal S2. In
addi- respectively correspond to the above-mentioned sig-  40  tion, the
coefficient input circuit 36 is set at the non- nals (err)   complement
selecting state by the complement/non- Under control of the control portion
32 in the wa-  complement selecting signal 02 so that the coefficient
veform memory 2, the interpolation circuits 33A, 33B,  input circuit 36
directly supplies the coefficient data 33C carry out the interpolation
operations in syn-        [err] to the multiplier 35 as the coefficient
signal S11. chronism with each other in each of operation periods  45
Further, the output latch circuit 40 is activated by the SY1, SY2, ... each
having processing periods [err]  latch signal [err] as shown in Fig. 16. In
short, in each operation period,  At this time, the adder 38 adds the shift
output the control portion 32 carries out the operation of the  signal S14
to the multiplication output signal S13, synthesized waveform signal[err]
as described in  thereby forming operation data S15A1 as indicated In 



the foregoing formula (14).                    50  the following formula
(16). Then, the operation data Herein, each of the processing periods [err]
S15A1 is latched by the output latch circuit 40 as the is set at the time
which is required to process the sam-    addition output signal S15. pling
data of one waveform as shown by the funda-          S151A1  = [err] mental
segment waveform [err] (see Fig. 3). For ex-  Thus, the first interpolation
circuit 33A supplies ample, each processing period is set at the period
cor-  55  the above-mentioned operation data S15A1 as de- responding to
frequency of 50 kHz. In other words,  scribed in the formula (16) to the
second-stage inter- each operation period such as SY1, SY2, ..........
corre-  polation circuit 33B as the interpolated output signal sponds to
frequency of 600 kHz. 11    21                   EP 0 385 444 B1
22 S3.                                                   this operation
data S15A2 to the second-stage inter- In addition to the above-mentioned
operations,    polation circuit 33B as the interpolated output signal the
control portion 32 further controls the third-stage  S3. interpolation
circuit 33C in the current processing per-  In next processing period [err]
the control portion iod T2 such that the coefficient data [err] is latched
in   5   32 controls the second-stage Interpolation circuit 33B the
coefficient latch circuit 37 and the shift register 39  such that the
coefficient input circuit 36 Is changed Is cleared at the initial state
where the Interpolation  over at the non-complement selecting state and the
operation can be started.                             output latch circuit
40 Is set at the latch state. In this In next processing period [err] the
control portion  case, the shift register loaded and held the operation 32
controls the second-stage Interpolation circuit 33B   10   data S14B1 (see
formula (17)) In the foregoing proc- such that the coefficient Input
circuit 36 Is set at the  essing period [err] Therefore, the adder 38 adds
this complement selecting state where the complement       operation data
S14B1 to the multiplication output sig- (err) of the coefficient data [err]
is outputted as the  nal S13 to thereby form operation data S15B1 as In-
coefficient signal S11. In addition, the shift register 39  dicated in the
following formula (20). is set at the load state. At this time, the the
operation   15    S15B1 = [err] tiplying S15A1 by (err). Thus, the adder 38
outputs  20   The above-mentioned operation data S15B1 Is latch- the
addition output signal S15 to the shift register 39,  ed in the output
latch circuit 40. wherein S15  equals to operation data S14B1 as indi-
Under control of the control portion 32 In the cur- cated by the following
formula (17).                  rent processing period [err] the shift
register 39 In the [err]
first-stage Interpolation circuit 33A is cleared at the At the same time,
the control portion 32 also con-   25   state where new interpolation
operation can be car- trols the first-stage interpolation circuit 33A such
that  ried out. the shift register 39 is cleared at the state where the
In next processing period T7, the control portion shift register 39 waits
to receive new fundamental    32 changes over the logical level of the
comple- segment waveform data signal S2.
ment/non-complementselecting signal [err]frorn I to In next processing
period [err] the control portion   30  "0" so that the coefficient input
circuit 36 is set atthe 32 controls the first-stage interpolation circuit
33A  complement selecting state. In addition theshiftreg- such that the
fundamental segment waveform data       ister 39 is activated at the load
state by the load signal [err] is Inputted into the multiplier 35 as new
funda- mental segment waveform data signal S2. In addition,      At this
time, the multiplier 35 in the third-stage in- under control of the control
portion 32, the coefficient   35  terpolation circuit 33C is supplied with
the operation Input circuit 36 is changed overto the complement se-  data
S15B1 (see formula (20)) which was latched in lecting state and the shift
register 39 is set at the load  the output latch circuit 40 in the
second-stage inter- state.
polation circuit 33B In the foregoing processing period As a result, the
multiplication output signal S13,    [err] Thus, the shift register 39 in
the third-stage Inter- i.e., operation data S14A2 as indicated In the
follow-   40   polation circuit 33C holds operation data S14C1 as in- ing
formula (18) issupplied to and held in theshift reg-  dicated in the
following formula (21). ister 39 via the adder 38.
S14C1 = [err] S14A2 = [err] In next processing period [err] the control
portion   45          [err] 32 controls the first-stage Interpolation
circuit 33A                 -      [err] such that the fundamental segment
waveform data                        [err] In addition, the control portion
32 also controls [err]is supplied to the multiplier 35 as new funda-  the
first-stage interpolatn circuit 33A in the current mental segment waveform
data signal S2, the coeff i-processing period [err] such that the
fundamental seg- cient input circuit 3 is set at the non-compsement se-
50   ment waveform data [err] is supplied to the multiplier lecting state
and the output latch circuit 40 is set at the  35 as new fundamental
segment waveform data sig- latch state.
nal 82, the coefficient input circuit 36 is set at the In this period, the
adder 38 forms operation data  complement selecting state and the shift
register 39 



S15A2 as indicated in the following formula (19) based on the operation
data S14A2 as indicated in the       is activated at the load state.
foregoing formula (18).                       55         As a result the
shift register 39 holds operation data S14A3 as Indicated in the following
formula (22). [err] The output latch circuit 40 latches and then outputs 12
23                    EP 0 385 444 B1                    24 Further, the
control portion 32 controls the sec-   segment waveform data which is read
from the wave- ond-stage interpolation circuit 33B in the current proc-
form data memory portion 31 in the first operation essing period T7 such
that the shift register 39 is     period SY1. cleared at the state where
its operation can be start-     More specifically, in first processing
period [err] of ed.                                                5   the
second operation period SY2, the control portion In next processing period
[err] under control of the  32 controls the second-stage interpolation
circuit 33B control portion 32, the fundamental segment wave-      such
that the coefficient input circuit 36 is set at the form [err] is supplied
to the multiplier35 in the         non-complement selecting state and the
output latch first-stage interpolation circuit 33Aas new fundamen-
circuit 40 is set at the latch state. Thus, by use of the tal segment
waveform data signal S2. In addition, the   10   operation data S15A4 (see
formula (26)) supplied to coefficient Input circuit 36 is set at the
non-comple-  the output latch circuit 40 In the first-stage interpola- ment
selecting state, and the output latch circuit 40 is  tion circuit 33A, the
output latch circuit 40 In the sec- activated at the latch state.
ond-stage interpolation circuit 33B holds operation As a result, the output
latch circuit 42 in the first-  data S15B2 as Indicated in the following
formula (27). stage interpolation circuit 33A latches operation data   15
S15B2  [err] S15A3 as indicated in the following formula (23), and
[err] then this operation data S15A3 is supplied to the sec-
[err] ond-stage interpolation circuit 33B.
[err] S15A3 [err] In next processing period [err] the control portion   20
In next processing period [err] of the second oper- 32 controls the
first-stage interpolation circuit 33A   ation period SY2, the control
portion 32 controls the such that the shift register 39 is cleared at the
state  third-stage interpolation circuit 33C such that the where its now
operation can be started. In next processing period [err] the control
portion  ment selecting state and the output latch circuit 40 is 32
controls the first-stage Interpolation circuit 33A   25   set at the latch
state. such that the fundamental segment waveform data            Thus, the
output latch circuit 40 of the third-stage [err] is  supplied to the
ultiplier 35 as new funds-  Interpolation circuit 33C latches operation
data [err] mental segment waveform data signal S2, the coeffi-      as
indicated in the following formula (28) including the cient input circuit
36 Is set at the complement select-  operation data S14C1 (see formula
(21)) held In the ing state and the shift register 39 is set at the load
shift register 39. state. As a result, the shift register 39 holds
operation data S14A4 as Indicated in the following formula (25).
[err] [err] In next processing period T11, the control portion 32 controls
the first-stage Interpolation circuit 33A                [err] such that
the fundamental segment waveform data                      [err] [err] is
supplied to the multiplier 35 as new fun- damental segment waveform data
signal S2, the                             [err] coefficient Input circuit
36 is set at the non-comple-  Such operation data Is outputted from the
third-stage ment selecting state and the output latch circuit 40 is
Interpolation circuit 33C as the interpolated waveform set at the latch
state.                                 data signal S5. As a result, the
output latch circuit 40 latches op-    When comaring this formula (28) to
the forego- eration data S15A4 as indicated in the following for-  45  ing
formula (14), It is obvious that the interpolated wa- mula (26) including
the operation data held in the shift  veform data signal S5 has the same
contents of the register 39 (see formula (25)).
synthesized waveform signal [err] Based on this S15A4 = [err]
signal 85, it is possible to obtain the musical tone wa- (26)
veform signal WDATA of the waveform memory 2. This operation data S15A4 is
supplied to the second-   50 stage interpolation circuit 33B.
(6) Modified Example of Waveform Memory 2 As described heretofore, the
first operation peri- od SY1 is completed, and then the control portion 32
Fig. 17 shows the configuration of the waveform 



enters Into the second operation period SY2. In proc-   memory 2 according
to a modified example ofthe first essing periods [err] of the second
operation period   55   embodiment wherein parts Identical to those shown
SY2, the second-stage Interpolation circuit 33B and     in Fig. 14 are
designated by the same numerals and third-stage interpolation circuit 33C
continue to carry  description thereof will be omitted. In Fig. 17, based
out the interpolation operations on the fundamental     on the reading
signal S1, the fundamental segment 13    25                   EP 0 385 444
B1                     26 waveform data [err] which are used to syn-
from S42. Therefore, the subtractor 61 forms a sub- thesize the waveform
data [err] in the foregoing          traction output signal S47 of which
contents [err] formula (14) are sequentially read from the waveform
[err] data memory portion 31 in operation periods SY11,       Based on the
complement or non-complement SY12, ... each having processing periods T20
to T27 as   5   selecting state of the coefficient input circuit 55 which
shown In Fig. 19. Then, a multiplier 51 multiplies the  is controlled by
the complement/non-complement se- read fundamental segment waveform signal
S2 by a     lecting signal [err] the coefficient generating circuit 53
coefficient data signal S31 to thereby form a multipl-  generates four
signals S45 S44, S47, S46 as the cation output signal S32, which is
supplied to an ad-  foregoing coefficient signals S33, which are supplied
der 52.                                         10  to the selector 54. The
control portion 32 supplies the coefficient      In response to the
coefficient selecting signal[err] data [err] to a coefficient generating
circuit 53,  which is transmitted from the control portion 32 as a wherein
coefficient signals S33 are generated. The   part of its control signal CL
11,the selector 54 sequen- coefficient signal S33 corresponds to a
coefficient  tially selects the signals S45, S44, S47, S46 in the part in
each term of the formula (14). Then, a selector   15  processing periods
[err]. In otherwords, 54 selects and outputs one of the coefficient signals
the selector 54 sequentially transmits the coefficient S33 as the
coefficient data signal S31.                 data (err) Herein, the
coefficient generating circuit 53 Is   [err]as the coefficient data signal
S31. Thus, constructed as shown in Fig. 18. In Fig. 18, the coef-  the
multiplier 51 can form the multiplication output ficient data [err] is
supplied to a coefficient Input circuit  20  signal S32 as shown in Fig.
19. 55. In response to a complement/non-complement          During the
processing periods [err] selecting signal [err] which is transmitted from
the con-    the coefficient input circuit 55 is set in the non-com- trol
portion (see Fig. 17) as a part of its control signal  plement selecting
state by the complement/non-com- CL11, the coefficient input circuit 55 is
subject to the  plement selecting signal[err] Therefore, the selector
complement or non-complement selecting state.  25   54 sequentially selects
the signals S45, S44, 847 More specifically, the coefficient Input circuit
55 out-  S46 generated from the coefficient generating circuit puts the
coefficient data a, when it is in non-comple-  53 during these periods
T24-T27. Thus, the selector ment selecting state, while the coefficient
input circuit  54 sequentially outputs the coefficient data a,(1-- 55
outputs the complement (1-aw) when it is in the          [err]    as the
coeffi- complement selecting state. Such output data of the   30  cient
data signal S31. Thus, the multiplier 51 can form coefficient input circuit
55 is transmitted as a coeffi-  the multiplication output signal S32 as
shown in Fig. ent selecting signal S41.                           19 during
the processing periods [err] The coefficient selecting signal S41
issuppliedto     As described heretofore, the adder 52 sequen- a multiplier
56 wherein S41 is multiplied by the coef-  tially receives eight kinds of
the multiplication output ficient data[err] Thus, the multiplier 56 outputs
a mul-  35  signals S32 from the multiplier 51 in the processing
tiplication output signal S42 of which contents is [err]   periods [err].
Then, an addition output signal S51 or [err]
obtained from the adder 52 is supplied to and held in The above-mentioned
signals S41, S42 are sup-    a shift register 65 by a shift control signal
[err] which plied to a subtractor 57 wherein S42 Is subtracted    is
included in the foregoing control signal CL11. Then, from S41. Therefore,
the subtractor 57 forms a sub-  40  the shift register 65 feeds back its
shift output signal traction output signal S43 of which contents is aw(1 -
S52 to the adder 52. [err] or (err).
Thus, the adder 52 sequentially accumulates the The subtraction output
signal[err] is multiplied by  multiplication output signals S32 transmitted
from the the coefficient data [err] in a multiplier 58, which there-
multiplier 51 during the processing periods [err] fore forms a
multiplication output signal S44 of which   45  in each of the operation
periods SY11, SY12,... and contents is [err]
then its accumulated signal is outputted as the addi- The signals S43, S44
are supplied to a subtractor  tion output signal S51. Such addition output
signal 59 wherein S44 is subtracted from S43. Therefore,    S51 is latched
by an output latch circuit 66 by a latch the subtractor 59 forms a
subtraction output signal  control signal [err] S45 of which contents is
[err]                         In the presentembodiment, atthelastprocessing
bu)(1-cJ).                                           period T27 in each of
the operation periods syll, Meanwhile, a multiplier 60 multiplies the
forego-    SY12, ..., the latch control signal[err] activates the out- ing
multiplication output signal S42 from the multiplier  put latch
circuit[err]and the shift control signal[err] 



56 by the coefficient data[err]to thereby form a multi-  clears the shift
register 65. Thus, the output latch cir- plication output signal S46 of
which contents Is[err]   55   cult 66 can output an Interpolated waveform
data sig- or [err]                                                   nal
S53 representative of the accumulation result of Two multiplication output
signals S42, S46 are   the adder 52 in each of the operation periods SY11,
supplied to a subtractor 61 wherein S46 is subtracted  SY1 2,   i.e., the
synthesized waveform signal .14    27                  EP 0 385 444 B1
28 [err] as indicated in the foregoing formula (14).  is also supplied to a
repeat end detecting circuit 73. This signal S53 is outputted from the
waveform mem-  When the contents of the reading signal READ cor- ory 2 as
the musical tone waveform signal WDATA.  responds to the last sampling
number (i.e., As described heretofore, the waveform memory  SMP=1023), the
repeat end detecting circuit 73 gen- 2 according to the modified example of
the first em-   5   erates and then outputs a repeat end detecting signal
bodiment as shown in Figs. 17 to 19 can also carry  S41 to an address
return signal input of the address out the interpolation operation as
similar to the wave-  counter 3. form memory 2 according to the first
embodiment as   Thus, when the reading signal READ corre- shown in Figs. 14
to 16.                          sponds to the lastsampling numberof the
fundamen- 10  tal segment waveform [err] the countvalue of the ad- [B]
SECOND EMBODIMENT                             dress counter is returned
identical to a reading start address value (i.e., sampling number "0").
Therefore, Next, description will be given with respect to the  by the
reading signal READ which repeatedly desig- second embodiment of the
present invention by refer-  nates the sampling numbers "0" to "1023", It
is possi- ring to Figs. 20 to 23. In Fig. 20, parts identical to  15  ble
to repeatedly read the fundamental segment wa- those shown In Fig. 1 will
be designated by the same  veform data [err] from the waveform data memory
por- numerals, hence, description thereof will be omitted.  tion 71. The
electronic musical Instrument 1 according to the  In addition, the waveform
memory 2 also in- second embodiment as shown In Fig. 20 varies the  cludes
a waveform change-over level detecting circuit tone color to follow the
envelope variation of the mu-  20  74 which receives an envelope signal ENV
from an sical tone. Notably, the second embodiment is char-  envelope
waveform generating circuit 16 as the level acterized by avoiding
generation of noises by smooth-  designating signal LEVL. ly  connecting
the fundamental segment waveforms     As shown in Fig. 23, the waveform
change-over [err] together.                                   level
detecting circuit 74 outputs a waveform change- The waveform memory 2 of
the second embodi-  25  over signal S42 to a waveform selecting circuit 75
ment Includes a waveform data memory portion 71   when it is detected that
the signal level of the envel- which provides pluralwaveform banksWBk(where
k=   ope signal ENV in the attack portion reaches the pre- 1 to K)
corresponding to the key codes as shown in  determined signal levels, [err]
Fig. 21. By designating the waveform bank number k   In the state where the
waveform change-over lev- in the k-coordinate-axis direction, it is
possible to se-  30  el detecting circuit 74 does not output the waveform
- lect the waveform bank [err] corresponding to the key  change-over signal
S42, the waveform selecting cir- code of the performed key.
cuit 75 outputs an address shift signal S43 by which In correspondence with
the envelope variation,  an address shiftvalue is setat "0". Such address
shift each waveform bank [err] stores J fundamental seg-  signal S43 is
supplied to the adder 72. Thus, the wa- ment waveform data [err] each
having each of the coor-  35  veform data memory portion 71 designates the
ad- dinate addresses j(where j = 1 to J)in the j-coordinate-  dress which
is determined by the reading signal axis direction. Therefore, by changing
over the coor-  READ from the address counter 3 only, so that the  . dinate
address j in the j-coordinate-axis direction, it is  fundamental segment
waveform data [err] can be read possible to read out the fundamental
segment wave-  from the memory area corresponding to the reference form
data each having the different waveform (i.e.,  40  coordinate address j=1,
for example. different tone color).                               In such
state, when the envelope signal ENV As shown in Fig. 22, each fundamental
segment  from the envelope waveform generating circuit 16 ex- waveform data
[err]includes No.0 sampling data [err] to  ceeds the signal level ENV,
shown in Fig. 23, the gen- No.1023 sampling data [err]. Both of first
sampling  erated waveform change-over signal S42 activates data [err] and
last sampling data [err] are set at the   45  the waveform selecting
circuit 75, from which the ad- same predetermined level of the fundamental
seg-  dress shift signal S43 representative of the predeter- ment waveform
[err] e.g., zero-level.             mined address shiftvalue issupplied to
the adder72. For the reason set above, first waveform data lev-  As a
result, the waveform data memory portion el indicative of the level of the
last sampling data in  71 is supplied with an address signal ADRSX indica-
certain fundamental segment waveform data can co-  50  tive of the sum of
the address shift signal S43 and incide with second waveform data level
indicative of  reading signal READ. Thus, the reading state of the the
level of the first sampling data in next fundamental  present system is
changed over to the state where the segment waveform data. Therefore, it is
possible to  present system is ready to read the fundamental wa- 



smoothly connect two waveforms at their connection  veform data from the
memory area corresponding to point.
55  the address position which is shifted by the address Meanwhile, the
reading signal READ from the ad-  shift value. dress counter 3 Is supplied
to the waveform data     In the above-mentioned state, every time the sig-
memory portion 71 via an adder 72, whereas READ   nal level of the envelope
signal ENV rises up and then 15    29                  EP 0 385 444 B1
30 exceeds the change-over levels [err] the wa-    Before the waveform
change-over detecting sig- veform change-over signal S42 is outputted from
the  nal S51 is obtained from the waveform change-over waveform change-over
level detecting circuit 74. In  level detecting circuit 74 at a time [err]
shown in Fig. response to this waveform change-over signal S42,  25(A), the
Interpolation coefficient control circuit 82 the waveform selecting circuit
75 generates the ad-   5   supplies interpolation coefficient data d at"1"
level to dress shift signal S43 of which address value is shift-  the
interpolation circuit 81. At the time [err\ when the ed by the
predetermined shift value. Based on this  waveform is changed over, the
Interpolation coeffi- address shift signal S43,the tone color of the
musical     cient control circuit 82 falls down the interpolation tone
waveform signal WDATA read from the wave-     coefficient data d to "0"
level. Then, in lapse of time. form data memory portion 71 Is changed over.
10  t, the Interpolation coefficient data d gradually rises The waveform
selecting circuit 75 receives there-     up to "1" level under control of
the interpolation coef- peat end detecting signal S41 from the repeat end
de-  ficient control circuit 82. After a time [err] when the in-    - -
tecting circuit 73 at its change-over timing signal in-  terpolation
coefficient data d reaches at "1" level, the put. At a time when the repeat
end detecting signal  interpolation coefficient data d is maintained at "1"
S41 is generated, the waveform selecting circuit 75   15  level. changes
over the address shift signal S43.            The interpolation circuit 81
is constructed as Thus, in the case where the waveform change-   shown in
Fig. 26. More specifically, the waveform over level detecting circuit 74
generates the wave-  data signal S51 Is supplied to a subtractor 85 at its
form change-over signal S42 in the middle timing of  plus terminal. Then,
the subtractor 85 outputs a sub- reading the fundamental segment waveform
data [err]  20  traction output signal S61 to a coefficient multiplier 86
of one period from the waveform data memory por-   wherein S61 is
multiplied by the interpolation coeffi- tion 71, the present system waits
for the variation of  cient data d. Thus, the coefficient multiplier 86
out- the address shift signal S43 to be occurred until the  puts a
multiplication outputsignal S62 to an adder 87, timing when the repeat end
detecting signal S41 Is  from which S62 is directly outputted as an
addition generated. Therefore, the waveform change-over op-  25  output
signal S63 to a delay circuit 88 of one wave- eration in the musical tone
waveform signal WDATA  form period which has a delay time corresponding to
can be always carried out at the timing when the sig-  one waveform period.
nal level coincides with the reference level (i.e., zero-  The delay
circuit 88 is constructed by a shift reg- _ level) of the fundamental
segment waveform DREI.   Ister which temporarily stores the sampling data
se- After all, it is possible to form the musical tone wave-  30
quentially supplied thereto for one waveform period. form signal WDATA of
which tone color can be       Then, the delay circuit 88 outputs a delayed
wave- smoothly varied.                                  form data signal
S64 to the subtractor 85 at its minus- terminal and the adder 87. [C] THIRD
EMBODIMENT                                  Now, before time t1hs shown in
Fig. 25(A), the S5  waveform data memory portion 71 outputs a first wa-
Fig. 24 shows the electronic musical instrument  veformdatasignal
S5lAasshownin Fig.25(B) bythe I according to the fourth embodiment of the
present  address shift signal S43from the waveform selecting invention,
wherein parts identical to those shown in  circuit 75. Then, at time tcgs,
the waveform change- Fig. 20 are designated by the same numerals and de-
over level detecting circuit 74 outputs the waveform H    scription thereof
will be omitted. This fourth embodi-  40  change-over signal S42, by which
the waveform se- ment can smoothly change over certain wavefobrm to
lecting circuit 75 is set at the state where a second wa- nextwaveform even
even ifthefundamental segment    veform data signal S51B is to be read out
instead of waveform [err] is at an arbitrary signal level atthe wa-  S51A.
In such case, the interpolation circuit 81 carries veform change-over
point,                          out the Interpolation operation based on
deviation be- Different from the waveform selecting circuit 75   45  tween
the waveform data signals S51A, S51 B. shown in Fig. 20, the waveform
selecting circuit 75   More specifically, before time tcHs, the first wa-
shown in Fig. 24 is designed to output the address  veform data signal S51A
is supplied to the subtractor shift signal S43 to the adder 72 immediately
after re-  85 in the interpolation circuit 81, so that this signal ceiving
the waveform change-over signal S42 from   SS1A Is delayed and then
outputted from the delay the waveform change-over level detecting circuit
74.  s0  circuit 88 as the delayed waveform data signal S64. In addition, a
waveform data signal S51 is read  At this time, the subtractor 85 detects
no deviation from the waveform data memory 71 shown in Fig. 24  between its
two input signals (i.e., S51A), because of and then supplied to an
interpolation circuit 81. Based  S51A-S51A=0. Thus, the coefficient
multiplier 86 



on interpolation coefficient Vd from an interpolation  multiplies the
subtraction output signal S1 (at "0" coefficient control circuit 82, the
interpolation circuit  5s  level) by the Interpolation coefficient data d
(= 11) so 81 carries out the interpolation operation on the wa-  that the
multiplication output signal S62 equals to "0". veform data signal S51 to
thereby generate the mu-    In this case, the delayed waveform data signal
slcal tone waveform signal WDATA.                  S64 Is directly fed back
to the delay circuit 88 via the 16n    31                 EP 0 385 444 B1
32 adder 87 so that the delay circuit 88 maintains to hold  pling data of
one period or plural periods. the first waveform data signal S51A, which is
output-   Instead of the sampling data, it Is possible to ted from the
adder 87 as the musical tone waveform   use parameter data indicative of
the parameter signal WDATA.                                        which is
used to synthesize frequency-modulat- Thereafter, at time tcH, the input
signal of the in-   5  ed (FM) waveform or higher harmonic waveform.
terpolation circuit 81 is changed over from S51A to  In this case, the
interpolation operation Is carried S51 B. At this time, the subtractor 85
outputs the sub-  out on plural parameters corresponding to plural traction
output signal S61 representative of the devia-  musical tone waveforms.
tion between S51A and 851B, so that S61=S51iB-       (2) The foregoing
first embodiment as shown In S51A. Such subtraction output signal S61 is
multi-  10  Figs. I to 19 carries out the interpolation opera- plied by the
Interpolation coefficient data d In the  tion on the fundamental waveform
data stored In coefficient multiplier 86. In this case, the interpolation
the waveform memory 2 to thereby form the mu- coefficient control circuit
82 controls to vary the Inter-  sicai tone signal. However, it Is possible
to re-de- poiation coefficient data d from "Om to "1n. Therefore,  sign the
first embodiment such that the funda- the multiplication output signal S62
from the coeff -  is  mental waveform data Is directly converted Into-
cient multiplier 86 Is controlled to be gradually in-  the musical tone
signal without carrying out the creased  in  accordance  with  the
equation       interpolation operation. In this case, it is possible
'S62=d(S51B-S51A)". Such signal S62 Is added to     to obtain the effects
similar to those of the fore- the first waveform data signal S51A In the
adder 87.  going embodiments. Thereafter, when the interpolation
coefficient  20   In contrast, the foregoing second embodi data d reaches
at "1" ievel at time tcHE, the above-  ment as shown in Figs. 20 to 23 and
third embodl- mentioned signal S62 reaches at (S51B-S51A),         ment
asshown In Figs. 24 to 26 directly convert which is added to S51A in the
adder 87. In short, the  the fundamental waveform data stored in the wa-
addition output signal S63 reaches at S51B at time  veform memory 2 into
the musical tone signal [err]                                          25
without carrying out the interpolation operatin. The above-mentioned
addition output signal S63    However, it Is possible to re-design these
em- will be outputted from the waveform memory 2 as the  bodiments such
that the fundamental waveform musical tone waveform signal WDATA, and 883
is       data is converted into the musical tone signal by also supplied to
the delay circuit 88. After all, the sec-  carrying out the interpolation
operation. ond waveform data signal S51 B is held in the delay  3o  (3) In
the foregoing embodiments, the output circuit 88.
LEVL of the envelope waveform generating cir-:: As described heretofore, in
the case where two    cult 16 Is controlled by the initial-touch signal
waveform data signals S51A, S51B each having the     INTL and after-touch
signal AFTR so that the lev- different waveform are read from the waveform
data   el variation is to be caused. However, it Is unnec- memory portion
71 in turn, the musical tone wave-  3S  essary to control the output LEVI
by the touch form signal WDATA is gradually and smoothly varied    signal.
In this case, the level variation is occurred from S51A to S51B during the
period between          based on the envelope signal ENV only. Or, it is
change-over start time [err] and change-over end      possible to cause the
level variation by the touch time tCHE. After the change-over end time
tCHE, the  Information only. second waveform data signal S51 B is outputted
from   40  In addition, it is possible to control the level the waveform
memory 2 as the musical tone wave-      designating signal LEVL by outputs
of operators form signal WDATA.                                   such as
the expression, breath controller, modu- According to the second embodiment
as shown       lation wheel etc. which can be operated In the In Figs. 24
to 26, every time the envelope signal ENV  middle of the performance by the
performer. exceeds the waveform change-over levels ENV1,  45    (4) In
theforegoing embodiments, thefundamen- ENV2, ENV3 at arbitrary timings, the
waveform of the  tal waveform data read from the waveform mam- musical tone
waveform signal WDATA can be            ory 21s changed over when the level
designating smoothly changed over.                               signal
LEVL or pitch designating signal PICH ex- ceeds the predetermined
change-over signal lev- [C] MODIFIED EXAMPLES                        do
el. In this case, It is possible to varysuch change- over signal level in
lapse of time. The present invention as described in the forego-
Therefore, in the case where the level desig- Ing first and second
embodiments can be modified as  nating signal LEVL exceeds the level LVO,
the lev- 



2 i-      follows.                                              el
designating signal LEVL can be controlled as (1) The embodiment described
before utilize the  55  the waveform shown in Fig. 27 which includes an
sampling data of one period. Instead, it is possible  attack waveform
portion WA, sustain waveform. to utilize the sampling data of plural
periods or  portion WB and release waveform portion WC. In other waveform
data which Is compressed sam-      this case, the fundamental waveform data
read at 17    33                  EP 0 385 444S 1                 34 time
tl in the attackwaveform portion WAdiffers    data fin are disposed in
accordance with the co- from that read at time t,2 in the release waveform
ordinate addresses in thej-coordinate-axis and k- portion WC.
coordinate-axis directions, so that the desirable Under control of LEVL as
shown In Fig. 27,     fundamental segment waveform data is selected It Is
possible to generate the musical tone of   5  based on the level variation
of the level designat- which expression can be further improved.
ing signal LEVL. Instead or in addition, it Is pos- (5) In the foregoing
embodiments, the pitch val-   sible to dispose the fundamental segment
wave- ation of the pitch designating signal PICH is pro-  form data in the
coordinate address in the 1-coor- duced based on the Initial-touch signal
INTL and   dinate-axis direction, so that the desirable funda- after-touch
signal AFTR Instead, it is possible to  lo  mental segmentwaveform data is
selected based cause the pitch variation by use of a pitch control  on the
pitch variation of the pitch designating sig- operator such as glide,
pitch-bend etc.            nal PICK Thus, it is possible to smoothly
connect (6) The first embodiment described before uses     the fundamental
segment waveforms when the level Information, pitch information and key
changing over the waveforms in the i-coordinate- code information as three
musical tone control  i5  axis direction. parameters corresponding to
three-dimensional      (11) The foregoing embodiments embodies the address
Information in the three-dimensional co-   present invention by the
hardware construction.; ordinate address system of the waveform mem-
Instead, it Is possible to process the signals by ory 2. However, it is
possible to increase the num-  use of the software. ber of the musical tone
control parameters to On"  20  (12) As shown in Figs. 8 to 13, the
interpolation (where n > 3), Including time Information, opera-
synthesizing operation is carried out between co- tor output Information
corresponding to the oper-  ordinate addresses I & i1i, j & J+1, k & k*+ to
; .- stors to be provided. In this case, n-dimensional  thereby obtain the
Inserted address position coordinate address system is constructed in the
(i+bu, j+CO, k+aw) based on the coordinate ad- waveform memory 2, wherein
each of n musical  25   dress (i, j, k). Instead of such inserted address
tone control parameters is assigned to each of n   position, it is possible
to obtain another inserted coordinate axes. Thus, based on n musical tone
address position (i+(1-bu), J+(1-c,), k+(1-a,)). In control parameters, the
fundamental waveform       this case, it is also possible to obtain the
same ef- data Is designated and then read from the wave-    feats of the
foregoing embodiments. form memory 2.                             30
As described heretofore, this invention may be (7) The foregoing
embodiments disclose the mu-  practiced or embodied in still other ways.
Therefore: sical tone signal generating apparatus which is  the preferred
embodiments described herein are II- applied to the monophonic electronic
musical in-  lustrative and not restrictive, the scope of the inven-
strument. However, it is possible to apply the  tion being indicated by the
appended claims and all present invention to the polyphonic electronic  35
variations which come within the meaning of the musical instrument.
claims are intended to be embraced therein. (8) In the foregoing
embodiments, the key code signal KC obtained by operating the keyboard
portion 4 is used as the musical tone control para-  ClaIms meter
indicative of the tone pitch, by which the co-  40 ordinate address in the
k-coordinate-axs direo-  1. A musical tone signal generating apparatus com-
_4 tion is selected. However, the present invention is  prising: not
limited to such embodiments. Therefore, it is    (a) waveform data storing
means (31)forstor- possible to apply the present invention to another   ing
fundamental waveform data, said wave- type of electronic musical
instrumentwhich does   45  form data storing means (31) including a plur-
not provide the keyboard portion but the tone         ailty of memory
areas, each memory .area source unit, rhythm machine etc.
having an address corresponding to a coor-. (9) In the waveform memory 2 as
shown in Fig.         dinate position in an n-dimensional coordin- 14,
thwinterpolation operations are sequentially      ate address system, of
which each coordinate carried out on the fundamental segment wave-  5o
axis corresponds respectively to each of n form data S2 by use of the
weighted coefficient       musical tone control parameters, where n de- c,
in the J-coordinate-axis direction, bu in the i-co-  notes an integer
having a value of 2orgreater, ordinate-axis direction and a, in the
k-coordin-      (b) musical tone designating means (4) for 



ate-axis direction in turn. However, it Is possible   generating musical
tone designating informs- to change such order of carrying out the interpo-
55  tion indicative of a designated musical tone to lation operation.
be generated; (10) In the second embodiment as shown In Figs.      (c)
generating means (15, 16) for generating 20 to 23, the fundamental segment
waveform            musical tone control parameter information    33
EP 0 3854441                    34 i   -       time t& In the attack
waveform portion WAdiffers    data flk are disposed in accordance with the
co- from that read at time ta. In the release waveform  ordinate addresses
In thej-coordinate-axis and k- *  -.   -      -portion WC.
coordinate-axis directions, so that the desirable   : .... Under control of
LEVL as shown In Fig. 27,     fundamental segment waveform data Is selected
it Is possible to generate the musical tone of   5  based on the level
variation of the level designat- which expression can be further improved.
ing signal LEVL. Instead or In addition, It is pos- (5) In the foregoing
embodiments, the pitch van-   sible to dispose the fundamental segment
wave- ation of the pitch designating signal PICH is pro-  form data In the
coordinate address In the I-coor- duced based on the Initial-touch signal
INTL and   dinateaxis direction, so thatthe desirable fundsa after-touch
signal AFTR. Instead, It Is possible to  10  mental segment waveform data
is selected based cause the pitch variation by use of a pitch control  on
the pitch variation of the pitch designating sig- -7,- .:      operator
such as gilds, pitch-bend etc.             nal PICH. Thus, it is possible
to smoothly connect (6) The first embodiment described before uses     the
fundamental segment waveforms when the level information, pitch Information
and key   changing over the waveforms in the i-coordinate- code information
as three musical tone control  15  axis direction. parameters corresponding
to three-dimensional      (11) The foregoing embodiments embodies the
-address Information In the three-dimensional co-   present Invention by
the hardware construction... ordinate address system of the waveform mem-
Instead, It is possible to process the signals by ory 2. However, it is
possible to increase the num-  use of the software. ber of the musical tone
control parameters to "nu  20  (12) As shown In Figs. 8 to 13, the
interpolation' (where n > 3), including time Information, opera-
synthesizing operation is carried out between co-. .. tor output
Information corresponding to the oper-   ordinate addresses I &  i1, j &
J+1, k & k+1 to ;--.. ators to be provided. In this case, n-dimensional
thereby obtain the inserted address position coordinate address system is
constructed In the    (i+bu, j+cv, kwa,) based on the coordinate ad-
;-waveform memory 2, wherein each of n musical  26  dress (i, js k).
instead of such inserted address : -          tone control parameters is
assigned to each of n    position, it is possible to obtain another
inserted -coordinate axes. Thus, based on n musical tone     address
position (i (1-bu), J+(1-cv), k4(1 -aj)). In control parameters, the
fundamental waveform       this case, it is also possible to obtain the
same ef- :    .  . data is designated and then read from the wave-
feacts of the foregoing embodiments. form memory 2.
30       As described heretofore, this invention may be :(7) The foregoing
embodiments disclose the mu-  practiced or embodied In still other ways.
Therefore, sical tone signal generating apparatus which Is  the preferred
embodiments described herein are 1i- applied to the monophonic electronic
musical in-  lustrative and not restrictive, the scope of the inven-
strument. However, It is possible to apply the  tion being indicated by the
appended claims and all present invention to the polyphonic electronic  35
variations which come within the meaning of the :- -- -I   musical
instrument.                            claims are intended to be embraced
therein. 1  -   - t(8) In the foregoing embodiments, the key code signal KC
obtained by operating the keyboard portion 4 is used as the musical tone
control para-  Claims meter indicative of the tone pitch, by which the co-
40 ordinate address in the k-coordinate-axis direc-  1. A musical tone
signal generating apparatus corm- tion is selected. However, the present
invention Is  prising: not limited to such embodiments. Therefore, it Is
(a) waveform data storing means (31) for stor- possible to apply the
present invention to another    ing fundamental waveform data, said wave-
type of electronic musical instrument which does   45  form data storing
means (31) including a plur- not provide the keyboard portion but the tone
ality of memory areas, each memory area source unit, rhythm machine etc.
having an address corresponding to a coor-- (9) In the waveform memory 2 as
shown in Fig.         dinate position in an n-dimensional ooordin- 14, the
interpolation operations are sequentially     ate address system, of which
each coordinate carried out on the fundamental segment wave-  Bo      axis
corresponds respectively to each of n form data S2 by use of the weighted
coefficient       musical tone control parameters, where n de- c: in the
J-coordinate-axis direction, bu in the i-co-  notes an integer having a
value of 2 orgreater; ordinate-axis direction and aw in the k-coordin-
(b) musical tone designating means. (4) for. ate-axis direction in turn.
However, it is possible   generating musical tone designating Informs- 



to change such order of carrying out the Interpo-  55  tion indicative of a
designated musical tone to lation operation.
be generated; (10) In the second embodiment as shown in Figs.       (c)
generating means (15, 16) for generating. 20 to 23, the fundamental segment
waveform            musical tone control parameter information 18-- *
I 111111111111111111~~~~~~~~~~~~~~~~~~~1111111111 'I'N    35
EP O 385 44" B1                36 representative of said musical tone
control        (32) for generating one or more weighted :parameter in
response to said musical tone        coefficients with respect to said
extracted designating information, wherein at least a        fundamental
waveform data based on said part of the musical tone control parameter In-
musical tone control parameter Information formation time-varies in
response to the mu-   u   including said time-varying part thereof; and
sical tone designating information during the     (c) interpolation means
(33) for carrying out period of time in which one tone is being          an
interpolation operation on said extracted.. sounded;
fundamental waveform data in said musical       ... (d) reading means (32)
for reading said funds-     tone waveform signal by multiplying each fun--.
mental waveform data from said waveform   10       damental waveform data
by each weighted data storing means (31) by employing said
coefficient and then synthesizing its multipli: musical tone control
parameter information         cation result to thereby form an Interpolated
including the time-varying part thereof to as-     musical tone waveform
signal. cordingly vary a coordinate position along the n coordinate axes in
said n-dimensional coor-    S . A musical tone signal generating apparatus
ac- dinate address system for reading said funds-   cording to claim 4
wherein first and second' *      9         mentalwaveform data and
providing the read    weighted coefficients representative of certain
fundamental waveform data as a musical tone     value and its complement
are set with respect to; waveform signal;
each musical tone control parameter, said Inter- (e) converting means (25,
26) for converting   20  polation operation being carried out by multiply-
said musical tone waveform signal into a mu-    ing first and second
fundamental waveform data sical tone signal; and
by said first and second weighted coefficients re-.   . :  - i         (f)
means for generating a musical tone in ac-   spectively and synthesizing
Its multiplication re- cordance with said musical tone signal time-    suit
so that said interpolated musical tone wave- varying in response to the
musical tone des-  25  form signal indicative of a musical tone waveform.
Ignating information.                           which is Intermediate to
waveforms of said first. and second fundamental waveform  data Is 2. A
musical tone signal generating apparatus so-     formed. cording to claim i
wherein said n-dimensional co- ordinate address system is three-dimensional
co-  3o  6. A musical tone signal generating apparatusa s- ordinate address
system and said musical tone      cording to claim 1 comprising: control
parameters each assigned to each of           (a) waveform data storing
means (71) forstor- three coordinate axes include at least a musical
ing fundamental waveform data correspond-- -tone control parameter
indicative of an envelope    ing to level variations, said waveform data-
of the musical tone.                       35        storing means (71)
having a plurality of memo *-
ory areas each having a predetermined ad-    . ... 3. A musical tone signal
generating apparatus ao-        dress; cording to claim i wherein said
n-dimensional co-     (b) level information generating means (16) ordinate
address system Is three-dimensional co-      for generating time-variable
level Information *         ordinate address system and said musical tone
40   In response to said musical tone designating control parameters each
assigned to each of           information, said time-variable level
Informa- three coordinate axes indicate a key code, a pitch   tion
indicating a level variation occurrence in variation and an envelope of the
musical tone re-     the musical tone waveform during the period
spectively.                                           of time in which one
tone is being sounded;.. :  45     and 4  A musical tone signal generating
apparatus so-        (c) extracting means (74,75) for deriving ad-..
cording to claim I comprising.                        dresses in said
waveform data storing means (a) extracting means (32) for deriving ad-
(71) from said time-variable level Information dresses In said waveform
data storing means        and for extracting desired fundamental wave- (31)
from said musical tone control parameter  5o  form data corresponding to
said musical tone Information and for extracting desired funds-
designating Information from said fundamen- mental waveform data
corresponding to said        tal waveform data by use of said addresses.
musical tone designating Information from          and for providing a
musical tone waveform 



said fundamental waveform data by use of           signal formed by said
extracted fundamental said addresses and for providing a musical  s5
waveform data. tone waveform signal formed by said extract- ed fundamental
waveform data;                7. A musical tone signal generating apparatus
so- (b) weighted coefficient generating means       cording to claim I
comprising: 19 1 1111 ~1111111 11llllll 11 llll ; d    37
EP 0 385 44 B1                  38 (a) waveform data storing means (2) for
stor-    gnals, die folgendes aufweist: ing fundamental waveform data
correspond-          (a) Welienformdatenspilchermittel .(31) zur Ing to
pitch variations, said waveform data        Speicherung von
Grundwelenformdaten,wo- storing means (2) having a plurality of mem-
bel die Weilenfotndatenspeichermittsl (31) ei-.. ory areas each having a
predetermined ad-   5       no Vieizahl von Spelcherbereichen enthalten.
dress;                                              und jeder
Spelcherbereich sine Adresse auf- (b) pitch information generating means
(15)        weist, die einer Koordinatenposition In ehnem for generating
time-variable pitch information      n-dimensionalen
Koordinatenadressensystem in response to said musical tone designating
entspricht, bei dem jede Koordinatenachse Je- Information, said
time-variable pitch informa-  10  wells jedem der n
Musiitonsteuerparameter. tlon Indicating a pitch variation occurrence in
entspricht, wobel n elne ganze Zahl mit elnemr the musical tone waveform
during the period        Wert von 2 oder grOger bedeutet; of time In which
one tone is being sounded;        (b) Muslitonbestimmungsmittel (4) zur
Erzeu- and                                                gung einer
Musiktonbestimmungsinformation,. (c) extracting means (3) for deriving
address-  15  die fareonen zu erzeugenden bestimmten Mu-.. es in said
waveform data storing means (2)         silkton kennzelchnend ist; from
said time-variable pitch information and       (c) Erzeugungsflittel
(15,16) zur Erzeugung'v. for extracting desired fundamental waveform
Musiklonsteuerparameterrnation, die fr die  . data corresponding to said
musical tone des-        Musiktonste  rrepisentatietimAn- Ignating
information from said fundamental  20     sprechen auf die
Muslktonbestimmnungsinftbfl*e- waveform data by use of said addresses and
tion, In derwenigstns emn Teil der MusIktonseF.- for providing a musical
tone waveform signal        erparameterinmtlon im Ansprechen aui die-.
formed by said extracted fundamental wave-
Musiktonbestimmungsinformftion wahrend der form data.
Zeitperlode, in der eln Ton erkllngt, zeltlich va- 25        ribrt; 8. A
musical tone signal generating apparatus ac-        (d) Lesemittel (32) zum
Lesen der Grundwel- cording to claim 4 comprising:
lenformdatbn aus den Wellenformdatenspei- (a) waveform data storing means
(31; 71) for       chermitten  (31) unbr Verwendung der   - .      -
storing fundamental waveform data repre-
Musilktonsteuerparameterinformation, die de- senting a plurality of
fundamental waveforms,  30  ron zeitlich varlierenden Tell enthalt, um sine
the fundamental waveform data for each fun-         Koordinatenpositlon
entlang der nKoordina-.. damental waveform stored in a corresponding
tenachsen In dem n-dimensionalen Koordina- memory area;
tenadressensystem entsprechend zu varile-.: :(b). conversion means for
generating a wave-      ran, um die Grundwellenformdaten zu lesen,;- . -  -
form number and at least one weighted coef-  35     und die gelesenen
Grundwellenformdaten als .a ficient, such that said waveform number cor-
ein Musildonwellenformsignal vorzusehen:  . responds to a fundamental
waveform from            (a) Konvertlerungsmittel (25, 26) zur Konver-
among said plurality of fundamental wave-          tierung des
Musiktonwelienformsignals In emn forms, and further such that each
generated         Musi-tonsignal; und weighted coefficient relates to said
funda-  40    (f) Mittel zur Erzeugung eines Musiktons ant- mental waveform
to which the generated we-         sprechend dem Musilktonsignal, das im
An- veform number corresponds; and                      sprechen auf die
Musiktonbestimmungsinfor- (c) extracting means (3) for extracting select-
mation zeitlich varilert. ad fundamental waveform data correspond- ing to
said musical tone designation data from   45  2. Vorrichtung zum Erzeugen
aines Muslktonsl- among said plurality of fundamental wave-        gnals
nach Anspruch 1, be! der das n-dimensi- form data, such that said selected
fundamen-     onale Koordinatenadressensystem  ein dreidi- tal waveform
data is extracted from said wa-     mensionales Koordinatenadressensystem
ist, veform data storing means based on memory        und jeder derjedem
der drel Koordinatenachsen: addresses which are determined in response   60
zugeordnoten Musiktonsteuerperammterwenig- to said waveform number, and for
forming a       stan elnen Musiktonstbuerparameter enthalt, der musical
tone waveform signal based on the        ese Hillikurve des Musiktones
kennzelchnet. 



extracted fundamental waveform data. 3. Vorrichtung zum Erzeugen sines
Musiktonsl- 85      gnals nach Anspruch 1, be! der das n-dimensi-
Patentansprfche                                        onale
Koordinatenadressensystem  in dreldl mensionales Koordinatenadressensystem
Ist, 1. Vorrichtung zum Erzeugen elnes Musiktonsi-          und jeder der
jedem der drei Koordinatenachsen 20    39                 EP 0 385 4    SB1
40 zugeordneten Musiktonseuerparamer jeweils            zur Erzeugung
zeitlich varabler Pegelinfor- . .inen Tastenkode, eins Tonh6henvariation
und         mation im Ansprechen auf die MusIktonbe-.: eine H~ilikurve des
Musiktones kennzeichnet.         stimmungsinformation, wobel die zeitlich
va- riable Pegelinformation ein Pegelvarlations- 4. Vorrichtung zum
Erzeugen elnes Musiktonsi-   s       ereigns in der Musikttonwellenform
wahrend gnals nach Anspruch 1, die fohgendes aufwelst:       derZeitperiode
anzeigt, in der en Ton erldingt, (a) Extrahlerungsmittei (32) zur
Herleitung von   und Adressen In den Wellefomldatenspeicher-           (c)
Extrahierungsmittel (74,75) zurAdressen- mitteln (31) aus der
Musiktonsteuerparame-        herleltung in den Wellenformdatenspelcher-.
terinformation und zur Extrahierung ge-  lo       mittein (71) aus der
zeitlich variablen P.egel- wflnschtsr Grundwellenforrndaten, die der
information und zur Extrahierung gewOnsch- Musiktonbestimmungsinformation
entspre-           ter Grundwellenformldaten, die der Muslkton- chen, aus
den Grundwellenlfofrmdaten mit Hil-     bestimmungshnformation entaprechen,
aus. fe dleser Adressen und zur Erstellung sines       den
Grundwellenfobrmdaten mit HIlfe der. von den extrahierten
Grundwslenformldaten   15    Adressen und zur Erstellung elnes Musik-
gebildeten Musiktonwellenformsignals;             tonwellenformsignals, das
aus den extrahber-.: (b) Gewichtungskoeffzientbnerzeugungsmi-  btn
Grundweilenformdaten gebildet wird. tel (32) zur Erzeugung eines oder
mehrerer gewichteter Koeffizlenten im Bezug auf die  7. Vorrichtung zum
Erzeugen sines Musiktonsi-     -- extrahierten Grundwellenformcdabten auf
der  20  gnals nach Anspruch 1, die folgendes aufweist Grundlage der
Musiktontsbuerparameterin-          (a) Wellenformdatenspeichermittel (2)
zur formation, die deren zeitlich variierenden Teil   Spelcherung von
Grundweilenformdatbn, die enthalt; und
Tonhohenvarlationen entsprechen, wobei die: (c) Intbrpolationsmittel (33)
zur AusfIbung ei-   Welienfbrmdatenspeichermittel (2) sine Viol-` nor
-nterpolationsOperation auf die extrahier-  25  zahl von Speicherbereichen,
jeder mit einer =--. ten Grundwellentormdaten in dem Musikton-
vorgegebenen Adresse, aufwebsen; welienformsignal durch Multiplikation
jedes       (b) TonhohenhflormatbonserzeugungsmitteI    .
Grundwelienformdatenwertes mit dem ge-            (15) zur Erzeugung
zeitlich varlabler Tonh&- wlchtsten Koeffizienten und darauffoigende
heninfornation im  Ansprechen  auf die Zusammensetzung seines
Multiplikationser-  30     Musiktonbestimmungsinformation, wobei die
gebnlsses, urn dabsi sin Interpollertes Mu-       zeititch variable
Tonh8henintormatlon esin.... siktonwellenlormsignal zu bilden.
Tanhohonvariationsereignis In der Musikton-- : : wellenform wlhrend einer
Zeltperlode kenn-- 5. Vorrichtung zum Erzeugen sines Musildonsi-
zeichnet, in der sin Ton eridingt; und gnals nach Anspruch 4, bei der erste
und zweite  35  (c) Extrahierungsmittel (3) zur Adressenher- : gewichtete
Koeffizienten, die fOr enen bestimm-      leltung in den
WeIlenformdatsnspeIchsrmIt- . ten Wert und sein Komplement reprasentativ
ton (2) aus der zeltilch variablen Tonh8henin- sind, im Bezug auf jeden
Musilktonstsuerpara-        formation und zur Extrahisrung gewOnschter
meter gesetzt werden, wobei die Interpolations-      Grundwelienformdatbn,
die der Musilkonbe- operation durch Multiplikation erster und zweiter  40
stimmungsinfOrmation entsprechen, aus den Grundwelienformdatbn mit jeweils
dem ersten          Grundwellenforrndaten mitHlife derAdressen und zweiten
gewichteten Koeffizienten und durch      und zur Erstellung sines
Musiktonwellen- Zusammensetzung ihres Multitlikationsergeb-
formsignals, das von den extrahierten Grund- nisses durchgef Ohrtwird, so
daB das interpolierte   wellenformdaten gebildet wird.
Musiktonwellenformsignal, das ffir eine Musik-  46 tonwellenform
kennzeichnend ist, die zwiAschen  S. Vorrichtung zum Erzeugen sines
Musiktonsi- den Welienformen derersten und zwelten Grund-     gnals nach
Anspruch 4, die foigendes aufwelst wellenformdaten let, gebildet wird.
(a) Wellenformdatenspeichermittel (31; 71): zur Speicherung von sine
Vlezahl von Grund- 6. Vorrichtung zum Erzeugen sines Musiktonsl-  5o
wellenformren reprlsentierenden Grundwel- gnals nach Anspruch 1, die
folgendes aufwelst:      lenformdaten, wobel die Grundwellenformda- (a)
Welienformdatenspeichermittel (71) zur        ton fOr jede Grundwellenform
In elnem ent- 



Speicherung von Grundwellenformdatbn, die         sprechenden
Spelcherbereich gespeichert Pegelvariationen entsprechen, wobei die
sind; Wellenformdatenspelchermittel  (71) sins  55      (b)
Konvertisrungsmittel zur Erzeugung einer Vieizahi von Spelcherbereichen,
jeder mit ei-     Wellenformzahl und wenigstens sines ge- ner vorgegebenen
Adresse, aufwelsen;              wichteten Koefflzienten, so dap die
Wellen- (b) Pegelinformatlonserzeugungsmittbl (16)        formzahl einer
Grundwellenform aus der Visl- 21 I   1 111111L 11111 SIj II I!1 -    41
EP 0 385 444 B1                42 zahl der Grundwellenformen entspricht,
und        varier en consequence une position des coor-: zwar derart, daB
jeder erzeugte gewichtote        donnees le long des n axes de coordonnies
Koeffizient sich auf die Grundwellenform be-     dans ledit systeme
d'adressage de coordon-, zieht, der die erzeugte Wellenformzahl ent-
nees A n dimensions afin de lire lesdites don- spricht; und
nees de formes d'onde fondamentales et de (c) Extrahierungsmittel (3) zur
Extrahlerung     fournir les donnoes de formes d'onde fonda- ausgewfhiter
Grundwellenformdaten, die don        mentales lues comme signal de formo
d'onde Musiktonbestimmungsdaten  entsprechen,           du son musical; aus
der Vieizahl der Grundwellonformdaten,        (e) un moyen de conversion
(25, 28) pour so dasp das ausgewahitl Wellenformdatum   10      convertir
ledit signal de forme d'onde de son sue den Wellenformdatenspeichermitteln
auf        musical en un signal sonore musical; et der Grundlage von
Speicheradressen, die Im       (f) un moyen pour crier un son musical en
Ansprechen auf die Wellenformzahl ermittelt       conformite avec ledit
signal sonore musical werden, extrahiert wird, und zur Blidung sines
variable dans le temps en roponse A l'hnforma- Musiktoniwellenformslgnials
auf der Grundia-  15  tion de designatlon de son musical. ge der
extrahierten Grundwellenformdaten. 2. Dispositif generateur do signal
sonoro musical selon Ia revendication 1, dana loquel ledit syste-
Revendicatlons                                       me d'adressage de
coordonnies A n dimensions. 20     eat un systeme d'adressage de
coordonnees A 1. Dbspositif generateur de signal sonore musical    trois
dimensions et lesdits parametres de comprenant:
commando de son musical assignes, chacun, A ...  (a).unmoyen
destockagedesdonneesdefor-          chacun des trois axes de coordonnees
compren- mes d'onde (31) pour stocker des donnees       nent au moins un
parametre de commando do des formes d'onde fondamentales, ledit  25     son
musical Indicateur d'une enveloppe du son moyen de stockage des donnees de
fbrmes        musical. Cdonde (31) compronant une multitude de zo-
.   . nes de memoire, chaque zone de memoire      3. Dispositif generateur
de signal sonore musical possedant une adresse correspondant A une
selon la revendication 1, dane lequel ledit systb- position des coordonnees
dane un systeme   30  me d'adressage de coordonnies A n dimension -. -
d'adressaga de coordonneos A n dimensions      est un systeme d'adressage
de coordonnees A dont chaque axe de coordonnees correspond     trois
dimensions et lesdits parametres de respectivement A chacun des n
parametres       commande de son musical assignes, chacun, A de commande du
son musical ob n designe un     chacun des trois axes de coordonnees
Indiquent nombre entier ayant une valeur de 2 ou supe-  36  respectivement
un code clavier, une variation de rieure;
pas et uno enveloppe du son musical. (b) un moyen de designation de son
musical .(4) pour crier une Information de disignation  4. Dispositif
generateur de signal sonore musical des sons musicaux Indicatrice d'un son
musi-   solon la revendication I comprenant: *           cal designe qul
dolt etre cree;        40(a) un moyen d'extraction (32) pour diduire (c)un
moyen de generation (15,16) pourcrier       des adresses dane ledit moyen
de stockage : t         une information sur les parametres de
desodonneesdefrmesdonde(31)apartirde commando de sonmusical representative
du-        laditb information sur les parametres de dit parambtre de
commando de son musical          commande du son musical et pour extralre
en reponse a ladite information de designa-  45   des donnies de formes
dConde fondamenta-. tion de son musical dans lequel au moins une      les
souhaitees correspondant A ladite infor- partle de information sur les
parambtres de       mation de designation du son musical A partir commando
de son musical varie dana le             desdites donnees de formes d'onde
fonda- temps en reponse a rinformation de disigna-       mentales en
utilisant lesdites adresses et tion do son musical pendant le laps de temps
co  pour fournir un signal de forme donde de son o0 un son retentit;
musical forme par lesdites donnees deformes 



* ~         (d) un moyen de lecture (32) pour lire lesdites   d'onde
fondamentales extraites; donnees de formes d'onde fondamentales A
(b) un moyen generateurde coefficients pon- partir dudit moyen de stockage
des donnies        diris (32) pour crier un ou plusleurs coeffi- de formes
d'onde (31) on utilsant ladite infor-  5s  cients ponderes par rapport
auxdites don- mation sur les parambtres de commando du          nies de
formes d'onde fondamentales extral- son musical comprenant la partle
variable        tessur la base de ladite information surles pa- dans le
temps de cette information pour faire     rametres de commande du son
musical In- 22 I :   -  I11111111 11111 1111111111111.1 ' * C  L.   M  S
*    43                 EP 0 385 444 B1                44 cluant ladite
partie variable dans le temps de    me d'onde do son muical forme par
lesdites cette Information; et                            donnees de formes
d'ondefondamentalese x- (c) un moyen d'interpolatlon (33) pour realiser
traites. une opration d'lnterpolation surlesdites don- -  -       nees de
formes d'onde fondamentales extra!-   5   7. Dispositif gneratour de signal
sonore musical tes dens ledit signal de forms d'onde du son   selon la
revendbcation 1, comprenant: musical en multipliant chaque donnee de for-
(a) un moyen destockagedes donnees deofr- me d'onde fondamentale par chaque
coeff i-        mes d'onde (2) pour stocker des donnees de -cent pondere et
en synthitisant ensuibt son      formes d'onde fondamentales correspondant
risultat de multiplication pour former ainsi un  lO  a des variations de
pas, ledit moyen de signal interpolI de formo d'onde du son musi-
stockage des donnees de formes d'onde (2) cal.
comportant une multitude de zones de mb- moire possedantchacune une adresse
prbdb- 5. Dispositif generatour de signal sonore musical      terminee;
solon Ia revendlcatbon 4, dana lequel lee premier  15  (b) un moyen
genbrateur d' informatlons de ot second coefficients ponderes
reprisentatife      pas (15) pour generer une Information de pas d'une
certaine valour et de son complement sont     variable dans le temps en
rponse A ladite In- etablis relativfment A chaque parametre de
formation de designation de son musical, la- commando de son musical,
ladite operatbon d'ln-     dite information de pas variable dens le temps
terpolation etant reallsee on multipilant les pro-  20  Indlquant une
occurrence de variation de pas miere et seconds donnees de formes d'onde
fon-      dons Ia forms d'onde du son musical pendant damentales
respectivement par lesdits premier       la periode ou un son retontit; et
et second coefficients ponderes et en synthetl-     (c) un moyen
d'extractlon (3) pourdiduire des sant son resultat de multiplication de
sorte quo    adresses dons ledit moyen de stockage des soft formi ledit
signal intbrpolI de forms d'onde   25  donnees de formes d'onde (2) A
partir do la- * t:     -du son musical indicateur d'une forme d'onde de
dite informatin do pos variable dans le temps son musical qul est
intermedialre entre lee for-    et pour extralre les donnees deformes
d'onde * :  -   mes d'onde desdites premibre et seconds don-
hbndamentales souhaitees correspondant a nees de formes d'onde
fondamentales.                ladits Infornation de disignatlon de son mu-
30        sical A partir desdites donnies de formes 6. Dispositif
generateur do signal sonore musical       d'ondo fondamentales en utilisant
leoditos selon la revendicatbin 1, comprenant:               adresses et
pour fournir un signal de forme (a) un moyen de stockage des donnies de
for-      d'onde de son musical forme par lesdites don- mes d'onde (71)
pour stocker des donnees de       nees de formes d'onde fondamentales
extral- formes d'onde fondamentales correspondant  35     tes. KEJ. .    A
des variations de niveau, ledit moyen de *- .stockage des donnees de formes
d'onde (71)          8. Dispositif generatbur de signal sonore musical
comportant une multitude de zones de me-       selon la revendication
4,comprenant: moire possedant chacune une adresse prede-        (a) un
moyen de stockage des donnees de for- terminie;
40         mes d'onde (31; 71) pour stocker des don- (b) un moyen
generateur d' informations de        nees de formes d'onde fondamentales
repre- niveau (16) pour generor une information de       sentant une
pluralite de formes dWnde fonda- niveau variable dons Is temps en reponse A
la-    mentales, les donnees de formes d'onde fon-- dite Information de
designation de son musi-      damentales pour chaque forms d'onde fonda-
cal, ladite Information de niveau variable dons  4z  mentale etant stockees
dans une zone de me- le tempo Indiquant l'existence d'une variation
moire correspondant; de niveau dons la forme d'onde du son muwl-      (b)
un moyen de conversion pour creer un nu- cal pendant la periode ob un son
retentit; et     mero de forms d'onde et au moins un coeffi- (c) un moyen
d'extraction (74,75) pour dedul-     clent ponder6 de tolls sorta quo ledit
numero 



reodes adresses dans leditmoyen de stockage   50  de forms d'onde
corresponds A une forms des donnees de formes d'onde (71) A partirde
d'onde fondamentale parml ladite pluralite de ladite Information de niveau
variable dans le    formes d'ondes fondamentales et, de plus, de temps et
pour extraire les donnoes de formes      tells sorts quo chaque coefficient
pondere d'onde fondamentalos souhaltees correspon-        cree so rapport.
A ladito forme d'onde fonda- dant A ladite information de designatlon de
5U   mentale A laquelle correspond le numero de son musical A partir
desdites donnbes de for-    formes d'onde crbe; et mes d'onde fondamentales
en utilisant lesdi-     (c) un moyen d'extraction (3) pour extraire les tes
adresses et pour fournir un signal de for-    donnees de formes d'onde
fondamentales sb- 23 111111c1 11111111111 111   11111    45
EP 0 385 444 B1                46 lectionn6es correspondant auxdites
donn6es de designation de son musical parmi ladite pluralite de donn6es de
formes d'onds fonda- mentales, de tole sorte quo lesdites donnees de formes
d'onde fondamentales selection-   5 n6es solent extraites dudit moyen de
stocka- ge des formes d'onde sur la base des adres- sea de m6molre qui sont
determin6es en r6- ponse audit numrro de formo donde et pour former un
signal de forme d'onde de son mu-  io sical sur la base des donnees de
formes d'onde fondamentales extraites. 18 20 28 30 35 40 45 50 S5 24 II!IJl
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