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Musical  tone  generating  apparatus  for  synthesizing  musical  tone  signal  by  combining  component 
wave  signals. 

©  A  global  envelope  is  input  by  a  user  and  stored 
in  a  global  envelope  memory  (3).  At  the  respective 
envelope-controlled  sine  wave  generators  (15-1  -  15- 
n),  are  generated  envelope  functions  of  the  respec- 
tive  orders  by  modifying  the  input  global  envelope. 
The  envelopes  of  component  wave  signals  of  a 
plurality  of  orders  are  independently  controlled  by 
the  envelope  functions  having  the  respective  orders 
in  the  generators  (15-1  -  15-n),  and  a  musical  tone 

[signal  is  synthesized  by  combining  the  envelope- 
J  controlled  component  wave  signals. 
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Musical  tone  generating  apparatus  for  synthesizing  musical  tone  signal  by  combining  component 
wave  signals 

The  present  invention  relates  to  a  musical  tone 
generating  apparatus  and,  more  particularly,  to  a 
musical  tone  generating  apparatus  of  a  type  such 
as  a  sine  wave  synthesizing  type  for  synthesizing  a 
musical  tone  signal,  by  combining  envelope-con- 
trolled  component  wave  signals  of  plurality  of  or- 
ders  from  a  component  wave  generating  means. 

In  a  known  conventional  musical  tone  generat- 
ing  apparatus,  envelopes  respectively  correspond- 
ing  to  a  plurality  of  sine  waves  as  frequency  com- 
ponents  of  the  musical  tone  are  independently  con- 
trolled  to  change  tone  colors  as  a  function  of  time. 

A  musical  tone  generating  apparatus  of  this 
type  is  described  in  e.g.,  U.S.  P.  No.  4,083,285. 

In  a  conventional  musical  tone  generating  ap- 
paratus  of  this  type,  if  a  user  can  arbitrarily  ma- 
nipulate  envelopes  of  sine  waves,  musical  perfor- 
mance  effects  can  be  naturally  improved. 

However,  with  the  above  application,  the  user 
must  spend  long  time  setting  envelopes  in  propor- 
tion  to  an  increase  in  envelope  flexibility  or  versa- 
tility.  Overloading  on  the  user  can  be  easily  ex- 
pected. 

It  is  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  musical  tone  generating  apparatus 
capable  of  producting  envelope  functions  indepen- 
dently  of  respective  component  wave  signals  in 
response  to  simple  input  operations. 

In  order  to  achieve  the  above  object  of  the 
present  invention,  there  is  provided  a  musical  tone 
generating  apparatus  of  a  type  for  synthesizing  a 
musical  tone  signal  by  controlling  envelopes  of  a 
plurality  of  component  wave  signals  of  orders  from 
component  wave  generating  means  in  accordance 
with  envelope  functions  of  corresponding  orders, 
comprising: 

common  envelope  setting  means  for  supplying 
a  common  envelope  function  to  the  plurality  of 
component  wave  signals  of  the  plurality  of  orders; 
and 

envelope  modifying  means  for  modifying  the 
common  envelope  function  supplied  from  the  com- 
mon  envelope  setting  means  into  values  of  the 
plurality  of  orders,  thereby  generating  the  envelope 
functions  for  controlling  the  envelopes  of  the  com- 
ponent  wave  signals. 

In  addition,  in  order  to  achieve  a  variety  of  tone 
colors,  there  is  provided  a  musical  tone  generating 
apparatus  of  a  type  for  synthesizing  a  musical  tone 
signal  such  that  envelopes  are  provided  to  a  plural- 
ity  of  component  wave  signals  by  using  indepen- 
dent  envelope  functions,  comprising: 

first  generating  means  for  generating  compo- 
nent  wave  signals  of  a  plurality  of  orders  constitut- 

ing  a  first  group; 
second  generating  means  for  generating  com- 

ponent  wave  signals  of  a  plurality  of  orders  con- 
stituting  a  second  group; 

5  global  envelope  setting  means  for  supplying  at 
least  one  type  of  global  envelope  function; 

first  envelope  modifying  means  for  modifying 
the  global  envelope  function  from  the  global  en- 
velope  setting  means,  in  accordance  with  its  order, 

w  thereby  generating  first  envelope  functions  of  the 
respective  orders;  and 

second  envelope  modifying  means  for  modify- 
ing  the  giobal  envelope  function  from  the  global 
envelope  setting  means  in  accordance  with  its  or- 

75  der,  thereby  generating  second  envelope  functions 
of  the  respective  orders, 

wherein  the  component  wave  signals  belonging 
to  the  first  group  are  controlled  by  the  first  en- 
velope  functions  of  the  corresponding  orders  from 

20  the  first  envelope  modifying  means,  the  component 
wave  signals  belonging  to  the  second  group  are 
controlled  by  the  second  envelope  functions  of  the 
corresponding  orders  from  the  second  envelope 
modifying  means,  and  the  first  envelope  functions 

25  generated  by  the  first  envelope  modifying  means 
and  the  second  envelope  functions  generated  by 
the  second  envelope  modifying  means  are  inde- 
pendent  of  each  other  regardless  of  the  orders. 
"  According  to  the  present  invention,  the  user 

30  need  not  produce  individual  envelope  functions  for 
the  component  wave  signals  of  a  plurality  of  orders 
in  order  to  obtain  musical  tones.  For  example,  at  a 
data  input  device  such  as  a  keyboard,  the  user 
selects  only  one  envelope  function  to  obtain  a 

35  variety  of  tone  colors  because  a  plurality  of  en- 
velope  functions  are  generated  on  the  basis  of  one 
envelope  function  (i.e.,  a  common  or  global  en- 
velope  function)  generated  by  an  envelope  modify- 
ing  means.  An  envelope  function  for  controlling  an 

40  envelope  of  a  component  wave  signal  of  a  given 
order  is  obtained  by  modifying  the  common  en- 
velope  function  in  accordance  with  a  value  of  a 
corresponding  order  of  the  component  wave  signal. 

If  a  value  of  the  common  envelope  function  is 
45  given  as  w  and  a  value  of  the  order  is  given  as  x, 

the  envelope  modifying  means  performs  modifica- 
tion  represented  by  the  following  function: 

G(x,w) 
The  value  of  function  G(x,w)  is  determined  by 

so  parameter  x  and  parameter  w.  The  modified  value 
of  function  G(x,w)  is  a  value  for  the  xth  order 
envelope  function.  That  is,  it  is  a  value  of  the 
envelope  function  for  controlling  the  envelope  of 
the  xth  order  component  wave  signal  In  other 
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words,  function  G(x,w)  provides  a  modification 
characteristic  for  modifying  the  common  envelope 
function  into  the  envelope  functions  of  the  respec- 
tive  orders. 

In  one  example,  if  order  value  x  and  value  w  of 
the  common  envelope  function  are  given,  function 
G(x,w)  can  be  calculated  in  accordance  with  arith- 
metical  and  logical  operations.  In  this  case,  the 
envelope  modifying  means  can  be  basically  re- 
alized  by  a  means  for  executing  appropriate  logical 
and/or  arithmetical  algorithms. 

In  another  example,  modification  characteristic 
function  G(x,w)  is  solely  determined  if  order  value  x 
and  the  value  w  of  the  common  envelope  function 
are  given.  However,  this  function  cannot  be  solved 
by  arithmetic  and  logical  operations  or  cannot  be 
calculated  for  at  least  a  given  combination  of  x  and 
w.  In  this  case,  the  envelope  modifying  means  can 
be  constituted  by  using  a  modification  table  (e.g.,  a 
memory  such  as  a  ROM)  in  the  range  where  cal- 
culations  cannot  be  performed.  The  modification 
table  can  also  be  used  in  the  first  example.  A 
suitable  construction  can  be  determined  in  consid- 
eration  of  a  processing  speed,  an  operation  vol- 
ume,  and  a  required  memory  capacity. 

In  a  simple  example,  a  monotonous  function 
(e.g.,  monotonous  for  x  -  w  =  u,  x/w  =  u,  x  w  =  u, 
and  x  +  w  =  u,  or  monotonous  for  all  parameters 
u  as  a  combination  of  the  above  arithmetic  oper- 
ations)  can  be  used  as  modification  characteristic 
function  G(x,w).  In  this  case,  logical  operations 
(e.g.,  comparison,  AND,  and  OR)  need  not  be 
performed.  Only  the  arithmetical  calculations  can 
be  performed. 

In  a  more  complicated  example,  modification 
characteristic  function  G(x,w)  can  be  defined  as  a 
function  in  which  the  characteristics  are  changed  in 
ranges  of  values  of  parameter  u  if  parameter  u  is 
calculated  by  arithmetical  operations  using  param- 
eter  x  of  the  order  and  parameter  w  of  the  en- 
velope  function.  In  this  case,  an  appropriate  func- 
tion  is  selected  in  accordance  with  the  value  of 
parameter  u.  For  example,  if  u  >  0,  then  monoto- 
nous  function  G,(u)  serves  as  a  modification  char- 
acteristic  function.  If  u  ;£  0,  another  monotonous 
function  G2(u)  serves  as  a  modification  characteris- 
tic  function.  In  this  case,  logical  operations  are 
added  to  the  arithmetical  operations. 

In  either  case,  the  envelope  modifying  means 
produces  envelopes  of  respective  orders  from  the 
common  envelope  function.  As  a  result,  the  user  is 
free  from  production  of  respective  envelope  func- 
tions  for  the  corresponding  component  waves  and 
can  easily  produce  musical  tones. 

The  common  envelope  function  input  to  the 
envelope  modifying  means  can  be  expressed  in 
various  forms.  In  a  simplest  example  in  digital 
techniques,  an  envelope  function  can  be  given  as  a 

waveform  data  format  (i.e.,  a  sequence  of  digital 
data  representing  the  instantaneous  values  of  the 
envelope  levels).  In  many  examples,  the  envelope 
functions  can  be  represented  by  compressed  data 

5  (control  information).  For  example,  an  envelope 
function  of  a  polygonal  type  is  expressed  as  a  set 
of  position  data  of  polygonal  points  (e.g.,  this  func- 
tion  is  expressed  by  several  step  rate  data  and 
several  step  level  data).  Not  many  envelope  input 

10  devices  are  available  to  input  envelope  functions  in 
the  form  of  waveform  data.  For  example,  when  an 
envelope  waveform  is  drawn  on  an  input  device 
such  as  a  tablet,  A/D-converted  data  (data  prior  to 
data  compression)  is  expressed  in  the  form  of 

75  waveform  data.  The  form  of  the  input  device  for 
inputting  the  common  envelope  function  is  not  im- 
portant  to  the  present  invention. 

The  form  of  modification  processing  varies  in 
the  envelope  modifying  means  in  accordance  with 

20  the  form  of  expression  of  the  input  common  en- 
velope  function.  For  example,  in  a  given  arrange- 
ment,  the  envelope  modifying  means  modifies  the 
common  envelope  function  given  in  the  form  of 
digital  waveform  data  into  envelope  functions  of  the 

25  respective  orders  represented  in  the  same  form  as 
the  common  envelope-function.  That  is,  each  digital 
value  of  the  common  envelope  function  is  modified 
into  the  corresponding  digital  value  of  an  envelope 
functions  of  each  order.  The  modified  envelope 

30  functions  of  the  respective  orders  which  are  ex- 
pressed  in  the  form  of  waveform  data  can  be 
directly  inparted  to  a  component  wave  signal  in  the 
form  of  waveform  data.  Alternatively,  the  above 
envelope  functions  of  the  respective  orders  may  be 

35  decoded  into  the  envelope  function  in  the  form  of 
waveform  data  upon  generation  of  a  musical  tone 
signal  after  the  envelope  functions  of  the  respective 
orders  are  compressed  in  the  form  of  control  in- 
formation.  In  another  arrangement,  the  envelope 

40  modifying  means  modifies  the  common  envelope 
function  given  in  the  form  of  control  information 
into  the  envelope  functions  of  the  respective  orders 
in  the  same  form  as  the  common  envelope  func- 
tion.  In  this  case,  in  a  simple  example,  the  values 

45  of  the  control  information  (e.g.,  values  of  rate  data 
and  level  data  for  each  step,  or  coordinates  of  each 
polygonal  point)  are  converted  in  accordance  with 
modification  characteristic  function  G(x,w),  thereby 
obtaining  the  envelope  functions  of  the  respective 

so  orders.  In  a  more  complicated  example,  the  modi- 
fication  characteristic  function  is  also  applied  to 
points  on  a  polygonal  line  (these  points  can  be 
easily  calculated  by  arithmetical  operations  be- 
cause  the  common  envelope  function  is  defined  by 

55  control  information)  in  addition  to  polygonal  points, 
thereby  obtaining  points  defining  the  envelope 
functions  of  the  respective  orders. 

The  envelope  function  of  each  order  modified 
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by  the  envelope  modifying  means  is  finally  used  to 
control  the  envelope  of  the  component  wave  signal 
of  the  order  corresponding  to  the  envelope  func- 
tion.  This  envelope  control  can  be  performed  by  a 
digital  multiplier,  an  analog  multiplier,  or  a  device 
for  performing  other  functionally  or  equivalently 
performing  a  multiplication. 

According  to  the  present  invention,  the  compo- 
nent  wave  signal  is  not  limited  to  the  sine  wave 
signal  but  can  be  extended  to  any  waveform  signal 
having  a  frequency  or  a  frequency  spectrum  cor- 
responding  to  the  order.  For  example,  a  rectangular 
wave  (e.g.,  a  rectangular  wave  obtained  by  the 
Walsh  function)  can  be  used  as  a  component  wave 
signal. 

According  to  the  specific  form  of  the  present 
invention,  independent  envelopes  can  be  given  in 
units  of  groups  of  component  waves,  and  musical 
tones  with  a  variety  of  tone  colors  can  be  obtained. 

A  means  for  establishing  an  independent  rela- 
tionship  between  an  envelope  function  for  a  com- 
ponent  wave  belonging  to  a  given  group  (e.g.,  the 
first  group)  and  that  belonging  to  another  group 
(e.g.,  the  second  group)  can  be  arranged  in  several 
specific  forms.  In  a  given  example,  a  global  en- 
velope  setting  means  provides  different  global  en- 
velope  functions  in  units  of  groups.  In  this  case,  the 
user  produces  different  envelopes  in  units  of  com- 
ponent  wave  groups.  The  envelope  modifying 
means  for  the  first  group  generates  envelope  func- 
tions  of  the  respective  orders  on  the  basis  of  the 
first  global  envelope  function.  The  envelope  modi- 
fying  means  for  the  second  group  produces  en- 
velope  functions  of  the  respective  orders  on  the 
basis  of  the  second  global  envelope  function.  With 
the  above  arrangement,  independency  of  the  en- 
velopes  of  the  different  groups  can  be  established 
due  to  the  following  reason. 

Assume  the  modification  logical  algorithm  used 
in  the  first  and  second  envelope  modifying  means 
is  the  same  and  is  given  as  Fx(W)  where  x  is  the 
order  and  W  is  the  global  envelope  function.  In 
other  words,  Fx(W)  is  the  xth-order  envelope  func- 
tion.  The  envelope  modifying  means  modifies  the 
global  envelope  @  function  in  accordance  with  its 
orders.  Condition  Fx(W)  *  Fy(W)  is  established 
between  envelope  functions  Fx(W)  and  Fy(W)  hav- 
ing  different  orders  x  and  y_.  However,  if  envelope 
functions  have  the  same  order,  Fx(W)  =  Fx(W).  In 
other  words,  functions  Fx(W)  and  Fy(W)  depend  on 
the  orders  (if  identical  global  envelope  functions 
are  assumed). 

In  the  above  case,  the  first  global  envelope 
function  W1(t)  and  the  second  envelope  function 
W2(t)  are  independently  determined  by  the  user 
and  are  independent  functions.  Functions  obtained 
by  modifying  independent  functions  on  the  basis  of 
the  same  modification  logical  algorithm  are  inde- 

pendent  If  the  first  envelope  modifying  means 
produces  xth-order  envelope  function  (Fx(W1(t))} 
and  the  second  envelope  modifying  means  pro- 
duces  xth-order  envelope  function  Fx(W2(t)),  con- 

5  dition  Fx(W1(t))  *  Fx(W2(t))  is  established.  Since 
functions  W1(t)  and  W2(t)  are  independent,  en- 
velope  function  group  (Fx(W1(t)).}  for  controlling 
the  component  waves  of  the  first  group  and  en- 
velope  function  group  {Fx(W2(t))}  for  controlling 

w  the  component  waves  of  the  second  group  are 
independent. 

In  another  arrangement,  assume  that  modifica- 
tion  logical  algorithm  Fx(W)  of  the  first  envelope 
modifying  means  and  modification  logical  algorithm 

15  Gx(W)  of  the  second  envelope  modifying  means 
are  independent  or  different.  In  this  case,  either 
envelope  modifying  means  can  receive  the  same 
global  envelope  function.  In  other  words,  the  global 
envelope  setting  means  can  provide  only  one  glo- 

20  bal  envelope  function. 
In  the  same  manner  as  described  above,  the 

envelope  function  group  {Fx(W)}  generated  by  the 
first  envelope  modifying  means  to  control  the  com- 
ponent  waves  of  the  first  group  and  envelope  func- 

25  tion  group  {Gx(W)>  generated  by  the  second  en- 
velope  modifying  means  to  control  the  component 
waves  of  the  second  group  are  independent  of 
each  other. 

In  still  another  arrangement,  a  means  can  be 
30  used  to  modify  a  single  global  envelope  function 

set  by  the  user  into  global  envelope  functions 
which  are  independent  between  the  groups.  The 
global  envelope  function  of  each  group  is  supplied 
to  the  corresponding  envelope  modifying  means. 

35  For  example,  global  envelope  function  G(W)  for  the 
first  group  is  supplied  to  the  first  envelope  modify- 
ing  means  and  global  envelope  function  H(W)  for 
the  second  group  is  supplied  to  the  second  en- 
velope  modifying  means.  With  this  arrangement, 

40  either  envelope  modifying  means  (i.e.,  a  means  for 
modifying  the  global  envelope  group  into  envelope 
functions  of  the  respective  orders)  can  employ  the 
same  modification  logical  algorithm. 

This  invention  can  be  more  fully  understood 
45  from  the  following  detailed  description  when  taken 

in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  block  diagram  showing  the  overall 
circuit  arrangement  according  to  an  embodiment  of 

so  the  present  invention; 
Fig.  2  is  a  block  diagram  showing  a  detailed 

circuit  arrangement  of  an  envelope-controlled  sine 
wave  generator  in  the  circuit  shown  in  Fig.  1  ; 

Fig.  3  is  a  table  showing  a  key  code  conver- 
55  sion  logic  algorithm  in  a  key  code  converter  in  Fig. 

2; 
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Fig.  4  is  a  map  showing  a  format  of  en- 
velope  data  stored  in  a  global  envelope  memory 
shown  in  Figs.  1  and  2; 

Fig.  5  is  a  waveform  chart  showing  an  en- 
velope  generated  by  an  envelope  generator  in  ac- 
cordance  with  envelope  data  shown  in  Fig.  4; 

Figs.  6{A)  to  6(C)  are  waveform  charts  show- 
ing  envelope  modifications  for  obtaining  a  low-pass 
filter  type  resonance  effect  in  the  envelope  modi- 
fication  device  in  Fig.  2; 

Figs.  7(A)  and  7(B)  are  waveform  charts 
showing  other  envelope  modifications  for  obtaining 
a  high-pass  filter  type  and  band-pass  filter  type 
resonance  effects  in  the  envelop^  modification  de- 
vice  in  Fig.  2; 

Figs.  8(A)  to  8(E)  and  Figs.  9(A)  and  9(B)  are 
waveform  charts  showing  still  other  envelope  modi- 
fications  for  obtaining  a  low-pass  filter  effect  in  the 
envelope  modification  device  in  Fig.  2; 

Figs.  10(A)  to  10(C)  are  waveform  charts 
showing  still  other  envelope  modifications  for  re- 
alizing  a  high-pass  filter  effect  in  the  envelope 
modification  device  in  Fig.  2; 

Fig.  1  1  is  a  block  diagram  showing  a  partial 
modification  of  the  circuit  in  Fig.  2; 

Figs.  12(A)  to  12(C)  are  waveform  charts  for 
explaining  the  operation  of  the  envelope  modifica- 
tion  device  shown  in  Fig.  11; 

Fig.  13  is  a  circuit  diagram  of  a  device 
arranged  by  further  modifying  part  of  the  envelope 
modification  device  in  Fig.  2; 

Figs.  14(A)  to  14(D)  are  waveform  charts 
showing  still  other  envelope  modifications  for  ob- 
taining  characteristics  for  modifying  the  envelope 
by  only  levels  in  the  device  shown  in  Fig.  11;  and 

Fig.  15  is  a  block  diagram  showing  an  over- 
all  circuit  arrangement  according  to  another  em- 
bodiment  of  the  present  invention. 

A  few  preferred  embodiments  of  the  present 
invention  will  be  described  in  detail  hereinafter. 
These  embodiments  exemplify  sine  wave  synthesis 
type  musical  tone  generating  apparatuses. 

The  first  embodiment  will  be  described  below. 
Fig.  1  shows  the  overall  circuit  arrangement  of  a 
sine  wave  synthesis  type  musical  tone  generating 
apparatus.  Referring  to  Fig.  1,  n_  envelope-con- 
trolled  sine  wave  generators  15-1  to  15-n  are  con- 
nected  to  keyboard  1  serving  as  a  performance 
input  device,  data  input  device  2  for  inputting  var- 
ious  data,  and  global  envelope  memory  (common 
envelope  memory)  3.  Envelope-controlled  sine 
wave  generators  15-1  to  15-n  are  arranged  to  gen- 
erate  sine  waves  having  independent  frequencies 
on  the  basis  of  harmonic  data  set  by  a  user  at  data 
input  device  2.  Global  envelope  memory  3  com- 
prises  a  RAM  and  stores  global  envelope  function 
data  set  at  data  input  device  2.  The  global  en- 
velope  is  modified  by  the  circuit  constructed  in  the 

sine  wave  generators  15-1  to  15-n  into  envelope 
function  data  depending  on  their  assigned  frequen- 
cies  (i.e.,  orders).  The  sine  waves  generated  in 
generators  15-1  to  15-n  are  envelope-controlled  by 

5  the  modified  envelope  data. 
In  this  embodiment,  when  the  user  sets  one 

global  envelope  function,  n  independent  envelope 
functions  can  be  obtained  for  the  preset  global 
envelope  function.  The  user  need  not  set  n  en- 

w  velopes  for  the  respective  sine  waves,  thereby  re- 
ducing  envelope  producing  labor. 

Envelope-controlled  sine  wave  data  from 
envelope-controlled  sine  wave  generators  15-1  to 
15-n  are  added  by  adder  16,  and  a  sum  signal 

75  (musical  tone  signal)  is  converted  into  an  analog 
signal  by  D/A  converter  17.  The  analog  signal  is 
produced  as  a  tone  through  amplifier  18  and  loud- 
speaker  19. 

The  detailed  arrangement  of  each  envelope- 
20  controlled  sine  wave  generator  is  shown  in  Fig.  2. 

The  arrangement  surrounded  by  the  dotted  line 
and  denoted  by  reference  numeral  15  represents 
one  of  envelope-controlled  sine  wave  generators 
15-1  to  15-n.  Referring  to  Fig.  2,  key  code  gener- 

25  ator  4  generates  a  key  code  corresponding  to  the 
depressed  key  at  keyboard  1.  Key  code  converter 
5  converts  the  generated  key  code  in  accordance 
with  a  value  in  harmonic  data  memory  10.  Memory 
10  can  store  harmonic  data  (harmonic  orders)  of  0 

30  to  31  which  can  be  set  by  the  user  at  data  input 
device  2.  Key  code  converter  5  converts  the  key 
code  using  the  stored  harmonic  data  in  accordance 
with  a  method  shown  in  Fig.  3.  For  example,  if 
harmonic  data  represents  1,  the  key  code  is  con- 

35  verted  into  another  key  code  representing  a  second 
harmonic  which  represents  a  tone  higher  by  one 
octave  than  the  original  tone.  Phase  angle  gener- 
ator  6  comprises  a  frequency  data  ROM  and  an 
accumulator  and  causes  the  frequency  data  ROM 

40  to  convert  the  key  code  from  key  code  converter  5 
into  frequency  data,  and  the  accumulator  to  accu- 
mulate  the  frequency  data  so  as  to  generate  a 
phase  angle  corresponding  to  the  key  code,  there- 
by  reading  out  sine  wave  data  from  sine  wave 

45  ROM  7.  An  output  from  sine  wave  ROM  7  is  a  sine 
wave  signal  having  a  frequency  corresponding  to 
the  order  of  a  harmonic  set  in  harmonic  data  mem- 
ory  10.  In  this  embodiment,  the  key  code  is  con- 
verted  in  accordance  with  the  harmonic  data.  How- 

50  ever,  frequency  data  may  be  converted  into  fre- 
quency  data  corresponding  to  the  harmonic  in  ac- 
cordance  with  bit  shifting  or  the  like.  Alternatively, 
the  value  of  the  phase  angle  output  from  phase 
angle  generator  6  may  be  converted  to  obtain  a 

55  phase  angle  representing  the  corresponding  order. 
In  this  manner,  various  circuit  modifications  may  be 
proposed. 

Fixed  amplitude  memory  1  1  comprises  a  RAM 
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for  storing  data  for  controlling  (scaling)  the  am- 
plitude  of  the  sine  wave  signal  from  sine  wave 
ROM  7  regardless  of  time  changes.  Scaling  data 
can  be  input  by  the  user  at  data  input  device  2. 
Scaling  data  stored  in  fixed  amplitude  memory  1  1 
represent  independent  values  for  envelope-con- 
trolled  sine  wave  generators  15-1  to  15-n.  There- 
fore,  when  the  sine  wave  data  from  sine  wave  ROM 
7  is  multiplied  by  each  multiplier  8  with  the  data 
read  out  from  fixed  amplitude  memory  11,  relative 
amplitudes  of  n  sine  wave  signals  can  be  indepen- 
dently  controlled. 

The  amplitude-controlled  sine  wave  signal  from 
multiplier  8  is  multiplied  with  an  envelope  signal 
output  from  envelope  modification  device  1  4  (to  be 
described  in  detail  later).  Therefore,  amplitude  con- 
trol  as  a  function  of  time  can  be  performed,  and  the 
product  is  output  from  envelope  sine  wave  gener- 
ator  15. 

As  described  above,  global  envelope  memory 
3  stores  common  global  envelope  function  data  for 
ii  enveiope-controlled  sine  wave  generators  15-1  to 
15-n.  The  global  envelope  function  in  global  en- 
velope  memory  3  can  be  expressed  by  4-step  rate 
data  and  4-step  level  data  (Fig.  4).  The  global 
envelope  function  in  this  form  is  modified  into  the 
form  of  waveform  data  by  envelope  generator  12 
(Fig.  5).  More  specifically,  envelope  generator  12 
comprises  an  accumulator  and  a  comparator  and 
receives  step-1  rate  data  of  step-1  level  data  from 
global  envelope  memory  3.  The  rate  data  is  repet- 
itively  accumulated.  If  the  accumulation  result 
reaches  the  level  data,  envelope  generator  12  re- 
ceives  step-2  rate  data  and  step-2  level  data  from 
global  envelope  memory  3.  The  above  operations 
are  repeated  to  obtain  waveform  data  of  the  global 
envelope. 

Envelope  modification  device  14  modifies  the 
waveform  data  of  the  common  global  envelope 
function  generated  by  envelope  generator  12  into 
waveform  data  of  envelope  functions  of  the  respec- 
tive  orders  in  accordance  with  harmonic  data 
(order)  from  harmonic  data  memory  10.  For  exam- 
ple,  if  the  harmonic  data  from  harmonic  data  mem- 
ory  10  in  envelope-controlled  sine  wave  generator 
15  is  1  (i.e.,  this  value  represents  a  second  har- 
monic),  the  first-order  envelope  waveform  data  is 
generated  by  envelope  modification  device  14.  The 
first-order  envelope  waveform  data  is  multiplied 
with  a  sine  wave  signal  having  a  frequency  of  the 
second  harmonic,  thereby  controlling  the  envelope. 

The  arbitrary  modification  characteristic  of  en- 
velope  modification  device  14  can  be  provided  in 
principle.  In  practice,  the  modification  characteristic 
for  a  resonance  effect  will  be  described  first. 

Assume  that  x  is  the  order,  i.e.,  the  value  of  the 
harmonic  data  from  harmonic  data  memory  10,  that 
w(t)  is  the  global  envelope  function,  i.e.,  the  output 

from  envelope  generator  12,  and  that  R  is  the 
depth  of  resonance.  Xth-order  envelope  function 
Fx(t)  modified  by  envelope  generator  12  satisfies 
the  following  conditions: 

5  (a)  If  x  <  w(t)  and  f(x-w(t))  +  R  <  1  ,  then  Fx- 
(t)  =  1 

(b)  If  x  >  w(t)  or  ftx-w(t))  +  R  >  1  ,  then  Fx(t) 
=  f(x-w(t))  +  R  (if  f(x-w(t))  +  R  <  0,  then  Fx(t)  = 
0) 

10  A  substitution  of  x-w(t)  into  u  yields  the  follow- 
ing  conditions  for  f(u): 

(c)  If  u  <  0,  then  f(u)  >  0 
(d)  If  u  =  0,  then  f(u)  =  1 

15  (e)  If  u  >  0,  then  f(u)  <  0  Therefore,  if  u  = 
0,  i.e.  if  the  order  value  x  is  equal  to  value  W(t)  of 
the  global  envelope  function,  f(u)  takes  the  maxi- 
mum  value.  The  value  of  f(u)  is  decreased  when 
the  absolute  value  of  difference  u  is  increased. 

20  Xth-order  envelope  function  Fx(t)  is  expressed 
as  a  function  of  time  t.  When  xth-order  envelope 
function  Fx(t)  is  expressed  as  a  function  of  dif- 
ference  u,  function  F(u)  is  derived.  The  value  of 
function  F(u)  is  changed  in  accordance  with  order  x 

25  relative  to  value  W(t)  of  global  envelope  function  at 
arbitrary  time  t.  Therefore,  function  F(u)  determines 
the  modification  characteristic  for  modifying  the 
global  envelope  function  into  envelope  functions  of 
the  respective  orders.  An  example  of  modification 

30  characteristic  function  F(u)  is  shown  in  Fig.  6(A).  A 
difference  obtained  by  subtracting  the  value  of 
global  envelope  function  W(t)  from  order  x  is  plot- 
ted  aiong  abscissa  u.  As  shown  in  Fig.  6(A),  near  u 
=  0,  i.e,  in  the  range  of  order  x  closer  to  the  value 

35  of  global  envelope  function  W(x),  F(u)  is  amplified. 
However,  if  u  <k  0,  then  F(u)  =  1  .  If  u  »  0,  then  F- 
(u)  =  0.  Therefore,  modification  characteristic  func- 
tion  F(u)  provides  a  resonance  effect  for  emphasiz- 
ing  the  component  closer  to  the  cutoff  frequency  of 

40  the  low-pass  filter. 
The  resonance  effect  can  be  dynamically  giv- 

en.  More  specifically,  the  value  of  global  envelope 
function  W(t)  is  changed  as  a  function  of  time  t. 
When  specific  order  x0  is  given,  a  value  obtained 

45  by  subtracting  W(t)  from  order  x0  is  also  changed 
as  a  function  of  time  along  the  u-axis  in  Fig.  6(A). 
The  value  of  each  F(u),  i.e.,  value  Fxo(tj)  of  the  xoth- 
order  envelope  function  at  time  tj  is  also  changed. 
According  to  Fig.  6(A),  the  value  of  Fxo(ti)  is  one 

so  (1)  and  is  not  thus  attenuated  if  order  x  is  suffi- 
ciently  smaller  (lower)  than  value  W(t,)  of  the  global 
envelope  function  at  time  tj.  However,  if  order  x  is 
sufficiently  larger  (higher)  than  value  Wft)  of  the 
global  envelope  function  at  time  tj,  the  value  of  FX0- 

55  (t|)  is  zero  and  is  thus  perfectly  attenuated.  If  order 
x  is  very  close  to  value  Wft)  of  the  global  envelope 
function  at  time  ti,  the  value  of  Fxo(tj)  can  be 
amplified  to  a  value  of  one  or  more. 
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In  other  words,  the  order  of  an  envelope  func- 
tion  having  an  amplified  value  at  a  given  time  is 
close  to  the  value  of  the  global  envelope  function  at 
the  given  time.  Therefore,  the  order  of  the  em- 
phasized  component  wave  is  changed  as  a  function 
of  time,  thereby  obtaining  the  resonance  effect 
which  is  dynamically  changed  as  a  function  of 
time. 

Modification  into  envelope  functions  of  the  re- 
spective  orders  will  be  described  in  detail.  Assume 
that  global  envelope  function  W(t)  shown  in  Fig.  6- 
(B)  is  supplied  from  global  envelope  memory  3 
through  envelope  generator  12.  Specific  order  x0 
has  a  dotted  level.  In  this  case,  envelope  modifica- 
tion  device  14  shown  in  Fig.  2  produces  xoth-order 
envelope  function  Fxo(t)  shown  in  Fig.  6(C)  in  ac- 
cordance  with  modification  characteristic  F(u) 
shown  in  Fig.  6(A). 

In  order  to  readily  understand  modification,  the 
values  of  x0th-order  envelope  function  Fxo(t)  which 
correspond  to  several  values  of  global  envelope 
function  W(t)  shown  in  Fig.  6(B)  are  written  in  Fig. 
6(A).  For  example,  as  shown  in  Fig.  6(B),  values  W- 
(t,)  and  W(t2)  of  the  global  envelope  function  are 
equal  to  the  value  of  order  x0  at  times  t,  and  t2. 
Therefore,  u  =  0  is  established.  The  value  of  F(u) 
at  position  for  u  =  0  in  Fig.  6(A)  are  values  Fxo(t,) 
and  Fxo(t2)  of  the  xo-th  order  envelope  function  at 
times  t,  and  t2.  The  values  of  x0th-order  envelope 
function  Fxo(t)  at  other  times  can  be  obtained  in  the 
same  manner  as  described  above. 

in  practice,  envelope  modification  device  14 
shown  in  Fig.  2  performs  modifications  for  all  data 
values  of  global  envelope  function  W(t)  in  the  form 
of  waveform  data  supplied  from  envelope  generator 
12. 

Envelope  modification  device  14  can  be  ar- 
ranged  in  various  ways.  For  example,  device  14 
can  comprise  a  subtracter  for  calculating  a  dif- 
ference  between  the  instantaneous  value  of  global 
envelope  function  W(t)  from  envelope  generator  12 
and  the  value  of  order  x  from  harmonic  data  mem- 
ory  10,  and  a  memory  addressed  in  response  to 
output  data  from  the  subtracter  and  adapted  to 
store  modified  envelope  function  waveform  data 
values.  Alternatively,  if  modification  characteristic 
function  F(u)  or  f(x-W(t))  is  a  function  to  be  cal- 
culated,  envelope  modification  device  14  can  be 
achieved  by  a  proper  algorithm.  For  example,  a 
difference  between  the  order  value  x  and  the  value 
of  the  global  envelope  function  is  calculated  such 
that  u  =  x  -  W(t).  By  utilizing  difference  u,  f(x-W(t)) 
is  calculated  and  is  added  to  resonance  value  R, 
thereby  obtaining  f(x-W(t))  +  R.  Whether  differ- 
ence  u  is  negative  is  determined  or  whether  f(x-W- 
(t))  +  R  is  1  or  less  is  determined.  If  both  these 
conditions  are  established  (corresponding  to  x  < 
W(t)  and  f(x-W(t))  +  R  <  1),  constant  1  is  used  as 

the  modified  envelope  function  value.  If  neither 
conditions  are  established  (corresponding  to  x  £ 
W(t)  or  f(x-W(t)  +  R  >  1  ),  whether  f(x-W(t))  +  R  is 
negative  is  determined.  If  value  f(x-W(t))  +  R  is  not 

5  negative,  this  value  serves  as  the  modified  en- 
velope  function  value.  If  value  f(x-W(t))  +  R  is 
negative,  constant  0  serves  as  the  modified  en- 
velope  function  value. 

Modification  characteristic  F(u)  of  the  global 
io  envelope  function/envelope  functions  of  the  respec- 

tive  orders  is  not  limited  to  ones  shown  in  Fig.  6- 
(A)  or  in  modification  conditions  (a)  to  (e).  The 
illustrated  modification  characteristic  is  an  example 
for  obtaining  a  low-pass  filter  type  resonance  ef- 

75  feet.  For  example,  within  the  range  of  u  <k  0,  the 
characteristic  is  perfectly  flat  since  F(u)  =  1  .  How- 
ever,  the  characteristic  may  be  almost  flat.  The 
position  for  u  =  0,  i.e.,  x  =  W(t)  is  the  center  of 
resonance.  However,  x  =  W<t)  +  K  (where  K  is  a 

20  constant)  may  be  the  central  position  of  the  reso- 
nance.  Alternatively,  ex  =  W(t)  (where  c  is  a  con- 
stant  or  ex  is  an  increment  function  of  x)  may  be 
the  central  position  of  the  resonance.  In  the  former 
case,  (x-K)  can  be  evaluated  as  the  value  of  order 

25  x.  In  the  latter  case,  ex  can  be  evaluated  as  the 
value  of  order  x. 

Modification  characteristic  F(u)  may  be  select- 
ed  to  obtain  a  high-pass  filter  type  resonance  effect 
in  place  of  the  low-pass  filter  type  resonance  ef- 

30  feet. 
A  modification  characteristic  for  the  high-pass 

filter  type  resonance  effect  is  shown  in  Fig.  7(A). 
This  modification  characteristic  is  obtained  by 
changing  conditions  (a)  and  (b)  of  conditions  (a)  to 

35  (e)  and  using  the  following  condition  in  place  of 
condition  (a): 

If  x  >  W(t)  and  f(x-W(t))  +  R  <  1,  then  Fx(t)  = 
1  and  the  following  condition  in  place  of  condition 
(b): 

40  If  x  <,  W(t)  or  f(x-W(t))  +  R  >  1,  then  Fx(t)  =  f- 
(x-W(t))  +  R 
(if  f(x-W(t))  +  R  <  0,  then  Fx(t)  =  0) 

Modification  characteristic  F(u)  may  be  select- 
ed  to  obtain  a  band-pass  filter  type  resonance 

45  effect,  as  shown  in  Fig.  7(B). 
The  modification  characteristic  for  the  band- 

pass  filter  type  resonance  effect  is  obtained  by 
using  conditions  (c),  (d),  and  (e)  of  conditions  (a)  to 
(e)  without  changes  and  the  following  condition  in 

so  place  of  conditions  (a)  and  (b): 
Fx(t)  =  f(x-W(t))  +  R 
(if  f(x-W(t))  +  R  <  0,  then  Fx(t)  =  0) 

Resonance  value  R  need  not  be  a  constant  but 
a  variable  which  can  be  changed  by  the  user,  in 

55  this  case,  the  resonance  value  can  be  preferably 
changed  in  real  time  during  musical  performance  in 
the  following  manner.  When  envelope  modification 
device  14  shown  in  Fig.  2  is  used,  changing  reso- 
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nance  value  R  is  used  in  the  process  for  producing 
envelope  functions  Fx(t)  of  the  respective  orders  in 
the  form  of  waveform  data  from  global  envelope 
function  W(t)  in  the  form  of  waveform  data. 

The  operation  of  envelope  modification  device 
14  in  Fig.  2  will  be  described  when  waveform  data 
of  envelopes  of  the  respective  orders  for  obtaining 
a  low-pass  filter  effect  is  to  be  generated. 

In  this  case,  envelope  modification  device  14 
performs  the  following  modifications  to  produce 
envelopes  of  the  respective  orders: 

(f)  If  x  S  W(t),  then  Fx(t)  =  1 
(g)  If  x  >  W(t),  then  Fx(t)  =  f(x-W(t)) 

(if  f(x-W(t))  <  0,  then  Fx(t)  =  0)  where  x  is  the 
order  (corresponding  harmonic  data),  W(t)  is  the 
global  envelope  function  (output  from  envelope 
generator  12),  and  Fx(t)  is  the  modified  envelope 
function  (output  from  envelope  modification  device 
14).  Let  x-W(t)  be  u,  then  f(u)  satisfies  the  following 
conditions: 

(h)  If  u  =  0,  then  f(u)  =  1 
(i)  If  u  >  0,  then  f'(u)  <  0 

When  order  x  is  smaller  than  the  value  of 
global  envelope  function  W(t),  Fx(t)  is  1.  However, 
when  order  x  is  larger  than  the  value  of  global 
envelope  function  W(t),  the  gradient  of  Fx(t)  is 
negative.  An  example  of  this  function  is  shown  in 
Fig.  8(A).  Fig.  8(A)  shows  the  characteristic  of 
function  Fx(t)  when  order  x  is  plotted  along  the 
abscissa.  Although  function  W(t)  is  a  function  of  the 
global  envelope  function,  its  value  is  changed  as  a 
function  of  time  t.  If  specific  order  x0  is  given,  the 
value  of  Xoth-order  envelope  function  Fxo(t)  is 
changed  in  accordance  with  the  value  at  each  time 
of  global  envelope  function  W(t).  In  the  range  of  x0 
 ̂ W(t),  Xoth-order  envelope  function  Fxo(t)  is  not 

attenuated.  However,  in  the  range  of  x0  >  W(t),  the 
function  is  greatly  attenuated  when  a  difference 
between  x0  and  W(t)  is  larger. 

Assume  that  global  envelope  function  W(t) 
shown  in  Fig.  9(A)  is  supplied  from  global  envelope 
memory  3  through  envelope  generator  12.  Specific 
order  x0  has  the  dotted  level.  In  this  case,  xoth- 
order  envelope  modification  device  14  generates 
x<,th-order  envelope  function  Fxo(t)  shown  in  Fig.  9- 
(B)  in  accordance  with  the  modification  characteris- 
tic  shown  in  Fig.  8(A). 

The  value  of  global  envelope  function  W(t) 
shown  in  Fig.  9(A)  at  time  a  is  W(a)  =  0  and  is 
sufficiently  smaller  than  the  value  of  order  x0  of 
interest.  As  shown  in  Fig.  8(B),  value  Fxo(a)  of  xoth- 
order  envelope  function  Fxo(t)  at  time  a  is  com- 
pletely  attenuated  and  is  zero.  Similarly,  since  val- 
ue  W(c)  of  the  global  envelope  function  time  c  is 
sufficiently  smaller  than  the  value  of  order  x0,  value 
Fxo(c)  of  the  modified  envelope  function  is  also 
zero,  as  shown  in  Fig.  8(D).  Even  at  time  b  when 
global  envelope  function  W(t)  has  a  maximum  val- 

ue,  its  value  W(b)  is  larger  than  the  value  of  order 
x0.  Therefore,  value  Fxo(b)  of  the  modified  envelope 
function  is  not  attenuated  and  is  1,  as  shown  in  Fig. 
8(C).  Value  W(d)  of  the  global  envelope  function  at 

5  time  d  is  slightly  smaller  than  the  value  of  order  xe. 
For  this  reason,  order  x0  is  located  in  the  region  of 
the  attenuation  curve  of  f(x-Wft))  shown  in  Fig.  8- 
(A).  The  modified  envelope  function  value  is  value 
Fxo(d)  between  0  and  1  in  accordance  with  the 

70  characteristic  of  attenuation  curve  f(x-W(t)),  as 
shown  in  Fig.  8(E). 

In  practice,  envelope  modification  device  14 
performs  modifications  for  all  data  values  of  global 
envelope  function  W(t)  in  the  form  of  waveform 

75  data  supplied  from  envelope  generator  12.  As  a 
result,  envelope  function  Fxo(t)  in  the  form  of 
waveform  data  shown  in  Fig.  9(B)  is  calculated. 

Envelope  functions  of  higher  orders  than  order 
x0  are  attenuated  as  compared  with  the  x0th-order 

20  envelope  function.  As  a  result,  an  effect  similar  to  a 
low-pass  filter  can  be  obtained. 

Envelope  modification  device  14  can  be  ar- 
ranged  in  various  ways.  For  example,  envelope 
modification  device  14  comprises  a  subtracter  for 

25  calculating  a  difference  between  the  instantaneous 
value  of  the  global  envelope  function  output  from 
envelope  generator  12  and  the  value  of  the  order 
from  harmonic  data  memory  10,  and  a  memory 
addressed  in  response  to  output  data  from  the 

30  subtracter  to  store  waveform  data  of  the  modified 
envelope  function.  Alternatively,  if  f(x-W(t))  in  Fig. 
8(A)  can  be  calculated,  a  calculation  program  is 
executed.  For  example,  the  value  of  order  x  and 
the  instantaneous  value  of  global  envelope  function 

35  W(t)  are  compared.  If  the  value  of  order  x  is 
smaller  than  the  instantaneous  value  of  the  en- 
velope  function,  the  modified  envelope  function  val- 
ue  serves  as  a  constant.  However,  if  the  value  of 
order  x  is  larger  than  the  instantaneous  value, 

40  instantaneous  value  W(t)  is  used  to  calculate  f(x-W- 
(t)).  The  sign  of  f(x-W(t))  is  determined.  If  value  f(x- 
W(t))  is  positive,  the  result  serves  as  the  modified 
envelope  function  value.  Otherwise,  zero  serves  as 
the  modified  envelope  function  value. 

45  A  modification  characteristic  for  the  global  en- 
velope  function/envelope  functions  of  the  respec- 
tive  orders  is  not  limited  to  the  one  shown  in  Fig. 
8(A). 

For  example,  in  the  range  of  x   ̂ W(t)  in  Fig.  8- 
50  (A),  function  Fx(t)  is  perfectly  flat  but  may  be 

almost  flat.  The  position  of  x  =  W(t)  is  the  attenu- 
ation  start  point  associated  with  the  cutoff  point. 
However,  x  =  W(t)  +  K  (where  K  is  a  constant) 
may  be  the  attenuation  start  point.  Alternatively,  ex 

55  =  W(t)  (where  c  is  a  constant)  may  be  the  attenu- 
ation  start  point.  In  the  former  case,  (x-K)  can  be 
regarded  as  the  value  of  the  order.  In  the  latter 
case,  ex  can  be  regarded  as  the  value  of  the  order. 
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An  operation  of  envelope  modification  device 
14  shown  in  Fig.  2  will  be  described  when 
waveform  data  for  envelopes  of  the  respective  or- 
ders  for  obtaining  an  effect  similar  to  the  high-pass 
filter  is  generated. 

In  this  case,  envelope  modification  device  14 
performs  the  following  modifications  to  generate 
envelopes  of  the  respective  orders: 

(j)  If  x  >  W(t),  then  Fx(t)  =  1 
(k)  If  x  £  W(t),  then  Fx(t)  =  f(x-W(t)) 

(if  f(x-W(t))  <  0,  then  Fx(t)  =  0)  where  x  is  the 
order  (corresponding  harmonic  data),  W(tj"  is  the 
global  envelope  function  (output  from  envelope 
generator  12),  and  Fx(t)  is  the  converted  envelope 
function  (output  from  envelope  modification  device 
14).  A  substitution  of  x  -  W(t)  into  u  yields  the 
following  conditions  for  f(u): 

(t)  If  u  =  0,  thenf(u)  =  1 
(m)  If  u  <  0,  then  f  (u)  >  0 

In  addition,  if  f(u)  =  1  is  established  for  u  >  0,  the 
result  coincides  with  Fx(t)  =  1  for  x  >  W(t).  This  f- 
(u)  determines  the  modification  characteristic  with 
the  envelope  function  of  a  given  order  derived  from 
the  global  envelope  function. 

If  the  value  of  order  x  is  larger  than  the  value 
of  global  envelope  function  W(t),  function  f(u)  is  set 
to  be  1  .  However,  if  the  value  of  order  x  is  smaller 
than  the  value  of  global  envelope  function  W(t),  the 
gradient  of  function  F(u)  is  positive.  An  example  of 
such  a  modification  characteristic  is  shown  in  Fig. 
10(A).  Difference  u  is  plotted  along  the  abscissa 
and  obtained  by  subtracting  the  value  of  global 
envelope  function  W(t)  from  the  value  of  order  x.  In 
general,  global  envelope  function  W(t)  is  changed 
as  a  function  of  time  t.  Therefore,  if  specific  order 
x0  is  given,  a  value  obtained  by  subtracting  the 
value  W(t)  from  order  x0  is  also  changed  as  a 
function  of  time  and  is  moved  along  the  u-axis  in 
Fig.  10(A).  The  value  of  each  f(u),  i.e.,  value  Fxo(t|) 
of  the  Xoth-order  envelope  function  at  each  time  tj  is 
also  changed.  The  value  of  Fxo(ti)  is  not  attenuated 
in  the  range  of  x0  £  W(t).  However,  the  value  of  Fx0- 
(tj)  is  greatly  attenuated  in  the  range  of  x0  <  W(t) 
when  the  difference  between  x0  and  W(t)  is  in- 
creased. 

Assume  that  global  envelope  function  W(t) 
shown  in  Fig.  10(B)  is  supplied  from  global  en- 
velope  memory  3  through  envelope  generator  12. 
Specific  order  x0  has  a  dotted  level.  In  this  case, 
envelope  modification  device  14  generates  xoth- 
order  envelope  function  Fxo(t)  shown  in  Fig.  10(C) 
in  accordance  with  the  modification  characteristic 
shown  in  Fig.  10(A). 

In  order  to  readily  understand  the  modification 
values  of  the  x0th-order  envelope  function  which 
correspond  to  several  values  of  global  envelope 
function  W(t)  shown  in  Fig.  10(B)  are  written.  For 
example,  Fxo(d)  is  the  value  of  the  x0th-order  en- 

velope  function  at  time  d.  As  is  apparent  from  Fig. 
10(B),  W(d)  is  slightly  larger  thah  x0  at  time  d.  In 
other  words,  the  value  of  u  is  negative.  The  point 
on  f(u)  at  the  position  of  u  in  Fig.  10(A)  is  cal- 

5  culated.  The  obtained  point  represents  Fxo(d).  Oth- 
er  points  can  be  obtained  in  the  same  manner  as 
described  above. 

In  practice,  envelope  modification  device  14 
performs  modifications  for  all  data  values  of  global 

w  envelope  function  W(t)  in  the  form  of  waveform 
data  supplied  from  envelope  generator  12.  As  a 
result,  envelope  function  Fxo(t)  in  the  form  of 
waveform  data  shown  in  Fig.  10(C)  is  calculated  for 
the  xoth  order. 

75  It  is  apparent  from  the  above  description  that 
envelope  functions  having  orders  smaller  than  the 
Xoth  order  are  attenuated  as  compared  with  the 
Xoth-order  envelope  function.  As  a  result,  an  effect 
similar  to  a  high-pass  filter  can  be  obtained. 

20  Envelope  modification  device  14  can  be  ar- 
ranged  in  various  ways.  For  example,  envelope 
modification  device  14  comprises  a  subtracter  for 
calculating  a  difference  between  the  instantaneous 
value  of  the  global  envelope  function  output  from 

25  envelope  generator  12  and  the  value  of  the  order 
from  harmonic  data  memory  10,  and  a  memory 
addressed  in  response  to  output  data  from  the 
subtracter  to  store  waveform  data  of  the  modified 
envelope  function.  Alternatively,  if  f(x-W(t))  in  con- 

30  dition  (k)  can  be  calculated,  a  calculation  program 
is  executed.  For  example,  the  value  of  order  x  and 
the  instantaneous  value  of  global  envelope  function 
W(t)  are  compared.  If  the  value  of  order  x  is  larger 
than  the  instantaneous  value  of  the  envelope  func- 

35  tion,  the  modified  envelope  function  value  serves 
as  a  constant.  However,  if  the  value  of  order  x  is 
smaller  than  the  instantaneous  value,  instantaneous 
value  W(t)  is  used  to  calculate  f(x-W(t)).  The  sign  of 
f(x-W(t))  is  determined.  If  value  f(x-W(t))  is  positive, 

40  the  result  serves  as  the  modified  envelope  function 
value.  Otherwise,  zero  serves  as  the  modified  en- 
velope  function  value. 

A  modification  characteristic  for  the  global  en- 
velope  function/envelope  functions  of  the  respec- 

45  tive  orders  is  not  limited  to  the  one  shown  in  Fig. 
10(A). 

For  example,  in  the  range  of  u  >  0,  i.e.,  x  >  W- 
(t)  in  Fig.  10(A),  function  Fx(t)  is  perfectly  flat  but 
may  be  almost  flat.  The  position  of  u  =  0,  i.e.,  x  = 

so  W(t)  is  the  attenuation  start  point  associated  with 
the  cutoff  point.  However,  x  =  W(t)  +  K  (where  K 
is  a  constant)  may  be  the  attenuation  start  point. 
Alternatively,  ex  =  W(t)  (where  c  is  a  constant  or 
ex  is  an  increment  function)  may  be  the  attenuation 

55  start  point.  In  the  former  case,  (x-K)  can  be  re- 
garded  as  the  value  of  the  order.  In  the  latter  case, 
ex  can  be  regarded  as  the  value  of  the  order. 

Envelope  modification  device  14  described 
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above  generates  envelope  functions  in  the  form  of 
waveform  data  by  using  the  global  envelope  func- 
tions  in  the  form  of  waveform  data  and  the  order 
data.  At  the  same  time,  all  values  of  the  waveform 
data  of  the  global  envelope  are  modified. 

To  the  contrary,  an  arrangement  shown  in  Fig. 
11  modifies  a  global  envelope  function  expressed 
by  a  set  of  rate  data  and  level  data  shown  in  Fig.  4 
into  envelope  functions  of  the  respective  orders.  In 
other  words,  several  points  of  global  envelope  func- 
tion  W(t)  are  modified  in  accordance  with  modifica- 
tion  characteristic  F(u).  These  points  include  peak 
or  break  points  (i.e.,  points  corresponding  to  W(a), 
W(b),  W(c),  W(d),  and  W(e)  in  Fig.  12)  on  global 
envelope  function  W(t)  and  points  (i.e.,  points  cor- 
responding  to  W(t.)  and  W(t2))  in  which  the  values 
of  function  W(t)  coincide  with  the  values  of  order  x. 

Envelope  modification  device  14A  in  Fig.  11 
executes  the  following  algorithm  to  obtain  a  set  of 
rate  data  and  level  data  which  express  the  xoth- 
order  envelope  function  in  accordance  with  the  set 
of  rate  and  level  data  which  define  the  global 
envelope  data. 

I  (i)  and  r(i)  are  level  and  rate  data  of  the  ith 
step  of  the  global  envelope  function,  and  L(j)  and 
Ft(j)  represent  level  and  rate  data  of  the  jth  step  of 
the  Xoth-order  envelope  function  to  be  stored  in 
envelope  memory  14B  for  respective  orders.  In 
addition,  I  (old)  represents  the  previous  level  of  the 
point  on  the  global  envelope  function.  The  initial 
value  of  level  i(old)  is  zero,  and  L(0)  is  also  zero. 
Both  initial  values  of  i  and  j  are  1  . 

(1  )  Level  I  (i)  and  rate  r(i)  of  the  current  step 
are  read  out  from  global  envelope  memory  3. 

(2)  Whether  condition  I  (old)  <  x0  <  l(i)  or  i- 
(old)  >  x0  >  l(i)  is  established  is  determined  (that 
is,  whether  the  value  of  order  x0  is  present  between 
the  previous  and  current  values  of  the  global  en- 
velope  functions  is  determined).  If  this  determina- 
tion  is  established,  the  flow  advances  to  (3).  Other- 
wise,  the  flow  advances  to  (7). 

(3)  Let  (1  +  Ft)  be  level  L(j)  of  the  xoth-order 
envelope  function  (that  is,  the  jth  level  of  the  xoth- 
order  envelope  function  is  obtained). 

(4)  A  division  (x0-l(old))/r(i)  is  calculated,  and 
the  quotient  is  given  as  t  (e.g.,  time  t,  between 
point  W(a)  and  the  next  point  W(t,)  in  Fig.  12(B)  is 
calculated). 

(5)  A  division  (L(j)  -  L(j-1  ))/t  is  calculated,  and 
the  quotient  is  given  as  rate  R(j)  (that  is,  the  jth  rate 
of  the  Xoth-order  envelope  function  is  calculated). 

(6)  The  value  of  order  x0  is  set  in  t(old),  and 
the  count  of  j  is  incremented  by  one. 

(7)  A  difference  F(x0  -l(\))  is  calculated,  and 
let  the  difference  be  level  L(j)  (that  is,  the  jth  level 
of  the  Xoth-order  envelope  function  is  obtained  in 
accordance  with  modification  characteristic  F(u)  for 
obtaining  a  low-pass  filter  type  resonance  effect). 

(8)  A  division  (l(i)  -  l(old))-r(i)  is  calculated 
and  the  quotient  is  given  as  t  (e.g.,  time  between 
point  W(t,)  in  Fig.  12(B)  and  the  next  point  W(b)  is 
calculated;  see  step  (4)). 

5  (9)  A  division  (L(j)  -  L(j-1)M  is  calculated  and 
the  quotient  is  defined  as  the  jth  rate  R(j)  of  the 
Xoth-order  envelope  function. 

(10)  Set  the  value  of  l(i)  in  I  (old),  and  both 
the  values  of  i  and  j  are  incremented  by  one.  If  i  < 

jo  5,  the  flow  returns  to  step  (1).  However  if  i  =  5 
then  the  flow  is  ended. 

By  performing  the  above  processing,  sets  of 
rate  and  level  data  {(L(1),R(1)),  (L(2),R(2)),...}  which 
define  the  xoth-order  envelope  function  (Fig.  12(C)) 

rs  are  stored  in  envelope  memory  14B  for  the  respec- 
tive  orders.  The  above  algorithm  is  an  example, 
and  similar  envelope  functions  can  be  obtained  by 
using  other  algorithms. 

Envelope  generator  14C  has  an  arrangement 
20  similar  to  that  of  envelope  generator  12  shown  in 

Fig.  2.  In  response  to  key  depression  on  keyboard 
1  (Fig.  1),  rate  and  level  data  are  read  out  from  the 
first  step  from  envelope  memory  14B  for  the  re- 
spective  orders.  The  envelope  functions  of  the  re- 

25  spective  orders  which  are  expressed  by  rate  and 
level  data  are  sequentially  changed  into  waveform 
data.  The  amplitudes  of  sine  wave  data  of  the 
corresponding  orders  which  are  output  from  multi- 
plier  8  are  controlled  by  multiplier  9  in  accordance 

30  with  the  waveform  data  sequentially  generated  by 
envelope  generator  14C. 

The  above  description  has  been  made  to  clar- 
ify  a  low-pass  filter  type  resonance  effect  of  modi- 
fication  characteristic  F(u)  executed  in  envelope 

35  modification  device  14A  shown  in  Fig.  11. 
Fig.  13  shows  a  modification  obtained  by  par- 

tially  modifying  the  circuit  arrangement  in  Fig.  11. 
Envelope  modification  device  14A  cooperates  with 
global  envelope  generator  14D  to  modify  the  global 

40  envelope  function  from  global  envelope  memory  3 
into  envelope  functions  of  the  respective  orders 
expressed  in  the  same  form  as  that  of  the  global 
envelope  function.  Global  envelope  generator  14D 
calculates  an  instantaneous  value  of  the  global 

45  envelope  function  and  basically  comprises  an  ac- 
cumulator.  After  the  rate  data  is  set  by  envelope 
modification  device  14A,  envelope  generator  14D 
adds  rate  data  to  the  accumulated  value  every  time 
a  clock  is  supplied  from  envelope  modification  de- 

50  vice  14A.  An  accumulation  result  is  output  to  en- 
velope  modification  device  14A.  Envelope  modifica- 
tion  device  14A  comprises  a  level  coincidence  de- 
tector  for  detecting  a  coincidence  between  the  ac- 
cumulation  result  front  global  envelope  generator 

55  14D  and  global  envelope  predetermined  level  data, 
and  an  order  coincidence  detector  for  detecting  a 
coincidence  between  the  accumulation  result  and 
the  order  data.  If  the  coincidence  is  established, 

10 
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the  accumulation  result  is  modified  in  accordance 
with  modification  characteristic  F(u)  to  obtain  level 
data  of  envelopes  of  the  respective  orders  (The 
arrangement  required  for  modification  itself  is  sub- 
stantially  the  same  as  the  corresponding  section  in 
envelope  modification  device  14  shown  in  Fig/  2).  If 
a  coincidence  signal  is  output  from  the  level  co- 
incidence  detector,  global  envelope  generator  14D 
is  reset  in  accordance  with  the  rate  data  of  the  next 
envelope  step.  In  addition,  in  order  to  obtain  time 
information,  envelope  modification  device  14A 
comprises  a  counter  for  counting  an  operation 
count  of  each  envelope  step  in  global  envelope 
generator  14D  and  a  circuit  for  calculating  rate  data 
of  the  envelopes  of  the  respective  orders  in  accor- 
dance  with  a  difference  between  the  level  data  and 
time  data  as  the  contents  of  the  counter. 

For  example,  envelope  modification  device  14A 
reads  out  the  rate  and  level  data  of  step  1  for 
global  envelope  function  W(t)  shown  in  Fig.  12(B) 
(corresponding  to  the  interval  between  time  a  and 
time  b  in  Fig.  12(B))  from  global  envelope  memory 
3.  The  level  data  is  set  in  the  internal  level  co- 
incidence  detector,  and  the  rate  data  is  set  in 
global  envelope  generator  14D.  Envelope  modifica- 
tion  device  14A  supplies  a  clock  signal  to  generator 
14D  to  allow  an  accumulation  operation  and  incre- 
ments  the  count  of  the  internal  counter  by  one.  At 
time  t,  the  internal  order  coincidence  detector  de- 
tects  a  coincidence  between  the  global  envelope 
function  value  (output  from  global  envelope  gener- 
ator  14D)  and  the  value  of  order  x0.  In  this  case, 
envelope  modification  device  14A  modifies  the 
function  value  in  accordance  with  modification 
characteristic  F(u)  shown  in  Fig.  12(A).  The  modi- 
fied  result  is  assured  as  the  level  data  of  the  first 
step  of  the  xoth-order  envelope  function.  A  dif- 
ference  between  this  level  data  and  the  imme- 
diately  preceding  step  level  data  (in  this  case,  no 
preceding  step  is  present,  and  the  previous  level 
data  represents  zero)  is  calculated.  The  difference 
is  divided  by  the  count  of  the  counter,  i.e.,  the 
value  representing  the  time  of  the  first  step  of  xoth- 
order  envelope  function  Fxo(t).  The  quotient  is  as- 
sured  as  the  rate  data  of  the  first  step  of  the  xoth- 
order  envelope  function.  The  counter  is  initialized 
for  the  second  step  of  the  xoth-order  envelope 
function. 

The  operation  of  global  envelope  generator 
14D  is  started  again.  The  count  of  the  internal 
counter  is  incremented  by  one  every  time  the 
accumulation  cycle  is  completed.  When  the  count 
of  the  counter  reaches  a  predetermined  value 
(corresponding  to  time  b  in  Fig.  12(B)),  the  level 
coincidence  circuit  detects  that  the  global  envelope 
function  value  as  the  accumulation  result  has 
reached  the  predetermined  level.  In  the  same  man- 
ner  as  described  above,  envelope  modification  de- 

vice  14A  calculates  the  level  and  rate  data  of  the 
second  step  of  the  x0th-order  envelope  function. 
Thereafter,  the  rate  and  level  data  of  the  next  step 
are  read  out  from  global  envelope  memory  3  and 

5  the  above  operations  are  repeated. 
As  a  result,  envelope  control  information  (i.e., 

set  of  rate  and  level  data)  for  describing  the  xoth- 
order  envelope  function  shown  in  Fig.  12(C)  are 
obtained.  The  control  information  is  temporarily 

io  stored  in  envelope  memory  14B  for  the  respective 
orders. 

Envelope  generator  1  4C  has  the  same  arrange- 
ment  as  that  of  envelope  generator  12C  of  Fig.  11. 
In  response  to  key  depression  on  keyboard  1  (Fig. 

75  1),  rate  and  level  data  are  read  out  from  the  first 
step  from  envelope  memory  14B  for  respective 
orders.  The  envelope  functions  of  the  respective 
orders  expressed  by  the  rate  and  level  data  are 
sequentially  changed  into  waveform  data. 

20  In  this  manner,  the  envelopes  of  the  respective 
orders  expressed  by  the  rate  and  level  data  can  be 
derived  from  the  global  envelope  expressed  by  the 
rate  and  level  data  in  Fig.  13. 

The  above  arrangement  may  be  changed  to 
25  obtain  a  high-pass  filter  type  resonance  effect  or  a 

band-pass  filter  type  resonance  effect  in  place  of 
the  low-pass  filter  type  resonance  effect.  In  this 
case,  the  circuit  can  be  properly  designed  with 
reference  to  Fig.  7,  and  Fig.  11,  12  or  13  to  set  the 

30  rate  and  level  data  which  represent  the  x0th-order 
envelope  function. 

The  resonance  value  R  need  not  be  a  constant 
but  be  a  variable  which  can  be  set  by  the  user.  If 
the  resonance  value  can  be  changed  in  real  time,  a 

35  performance  effect  can  be  further  improved. 
An  arrangement  for  performing  real  time  reso- 

nance  value  changes  can  be  obtained  by  adding  to 
the  arrangement  of  Fig.  11  or  13  a  multiplier, 
arranged  between  envelope  generator  14C  and 

40  multiplier  9,  for  multiplying  resonance  depth  coeffi- 
cient  R/RO  (where  RO  is  the  reference  resonance 
depth  which  is  reflected  in  the  data  stored  in  the 
envelope  memory  14B  for  the  respective  orders, 
and  R  is  the  resonance  value  designated  by  the 

45  user)  with  the  output  from  envelope  generator  14C, 
a  selector  (its  selection  output  is  input  to  multiplier 
9)  for  selecting  an  output  from  the  additional  multi- 
plier  or  a  direct  output  from  envelope  generator 
14C,  and  a  comparator  for  controlling  selection  of 

so  the  selector.  This  comparator  compares  the  output 
from  envelope  generator  14C  with  data  of  a  level 
(e.g.,  level  corresponding  to  F(u)  =  1  in  Fig.  12(A)) 
for  switching  the  output  from  envelope  generator 
14C.  An  output  from  this  comparator  is  supplied  to 

55  the  selection  control  input  of  the  selector. 
An  operation  of  envelope  modification  device 

14A  shown  in  Fig.  11  will  be  described  when  a  low- 
pass  filter  type  resonance  effect  is  to  be  realized. 

11 
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If  low-pass  filter  type  modification  characteristic 
F(u>  satisfying  conditions  (f)  to  (i)  is  provided  to 
envelope  modification  device  14A  shown  in  Fig.  11, 
the  following  algorithm  is  executed  to  obtain  the 
Xoth-order  envelope  function  expressed  by  the  sets 
of  level  and  rate  data. 

(1)  Level  l(i)  and  rate  r(i)  of  the  current  step 
[  are  read  out  from  global  envelope  memory  3. 

(2)  A  function  F(x0  -t(i))  is  calculated,  and 
the  result  is  set  as  level  L(i)  of  step  [  of  the  xoth- 
order  envelope  function. 

(3)  A  division  (t(i)  -  t(i-1))/r(i)  is  calculated, 
and  the  quotient  is  set  as  time  t  of  step  i. 

(4)  A  division  (L(i)  -  L(i-1))/t  is  calculated,  and 
the  quotient  is  set  as  rate  R(i)  of  step  i  of  the  xoth- 
order  envelope  function. 

(5)  Step  number  [  is  incremented  by  one.  If  i 
<  5,  then  the  flow  returns  to  step  (1).  However  if  i 
=  5,  then  the  flow  is  ended. 

Similarly,  an  arrangement  for  obtaining  a  high- 
pass  filter  type  resonance  effect  by  using  envelope 
modification  device  14A  in  Fig.  11  will  be  de- 
scribed  below. 

In  order  to  assign  high-pass  filter  type  modi- 
fication  characteristic  F(u)  satisfying  conditions  (j) 
to  (m)  to  envelope  modification  device  14A  in  Fig. 
11,  the  same  algorithm  as  the  algorithm  consisting 
of  steps  (1)  to  (5)  described  with  reference  to  the 
low-pass  filter  type  resonance  effect  is  performed 
to  obtain  the  xoth-order  envelope  function  ex- 
pressed  by  sets  of  rate  and  level  data  (however, 
the  algorithm  in  this  case  is  different  from  the  that 
of  steps  (1)  to  (5)  in  that  F(x-t(i))  is  calculated  to 
obtain  level  L(i)  of  each  step  of  the  xQth-order 
envelope  function). 

In  each  arrangement  described  above,  the  filter 
characteristic  is  obtained  by  using  as  a  parameter 
difference  u  between  the  value  of  order  x  and 
global  envelope  function  value  W(t).  The  present 
invention  can  be  easily  modified  to  perform  modi- 
fications  for  performing  a  filter  effect  having  several 
pass  or  stop  bands. 

A  very  simple  modification  characteristic  will  be 
described  below. 

In  this  arrangement,  only  level  data  of  the 
global  envelope  function  expressed  by  sets  of  rate 
and  level  data  are  modified.  That  is,  when  level 
data  of  each  step  of  the  global  envelope  function  is 
represented  by  LEVEL,  the  following  modification  is 
performed: 

LEVEL  -  F(X.LEVEL) 
The  right-hand  side  F(x,LEVEL)  represents  the  lev- 
el  of  the  step  corresponding  to  the  xth-order  en- 
velope  function. 

For  example,  F(x.LEVEL)  is  given  as  follows: 
F(x,LEVEL)  =  100[1  -  {1  -  (LEVEL/1  00)}x] 

...(1) 
In  this  case,  modified  level  F(x.LEVEL)  is  changed 
in  accordance  with  the  values  of  order  x  as  follows: 

(A)  Oth  Order  (x  =  0) 

In  this  case,  level  F(x.  LEVEL)  is  given  as  fol- 
lows  regardless  of  the  level  of  the  global  envelope 

w  function: 
F(0,  LEVEL)  =  100 
For  example,  if  the  global  envelope  function  is 

given  as  shown  in  Fig.  14(A),  the  Oth-order  en- 
velope  function  is  given  as  shown  in  Fig.  14(B). 

75  The  modified  Oth-order  envelope  function  is  used 
to  control  the  envelopes  of  the  Oth-order  sine  wave, 
i.e.,  the  sine  wave  having  the  fundamental  fre- 
quency. 

20 
(B)  First  Order  (x  =  1) 

F(1,  LEVEL)  =  LEVEL  is  given.  That  is,  each 
level  of  the  given  global  envelope  function  is  al- 

25  ways  equal  to  that  of  the  first-order  envelope  func- 
tion.  The  first-order  envelope  function  is  the  same 
as  the  global  envelope  function  (Fig.  14(C)).  The 
waveform  data  of  the  first-order  envelope  function 
is  used  to  control  the  envelope  of  the  first-order 

30  sine  wave  signal,  i.e.,  the  envelope  of  the  sine 
wave  signal  having  a  frequency  of  a  second  har- 
monic. 

35  (C)  Second  Order  (x  =  2) 

F(2,LEVEL)  =  2LEVEL  -  100  is  given.  The 
level  of  each  step  of  the  global  envelope  function  is 
doubled,  and  100  is  subtracted  from  the  doubled 

40  value.  The  resultant  difference  serves  as  the  cor- 
responding  level  of  the  second-order  envelope 
function  (Fig.  14(D)).  The  second-order  envelope 
function  is  applied  to  a  sine  wave  having  a  fre- 
quency  of  a  second  order,  i.e.,  third  harmonic. 

45  Envelope  functions  of  higher  orders  can  be 
produced  in  the  same  manner  as  described  above. 
If  the  modification  function  given  in  equation  (1)  is 
used,  the  envelope  function  is  attenuated  and  its 
amplitude  change  is  small  when  the  order  is  in- 

50  creased. 
Function  100[1  -  {1  -  (LEVEL/1  00}x]  is  an 

example.  An  arbitrary  function  may  be  selected, 
such  as  a  function  having  an  amplitude  which  is 
greatly  changed  when  the  order  is  increased. 

55  The  modification  of  only  levels  can  be  easily 
realized  by  envelope  modification  device  14D 
shown  in  Fig.  11.  For  example,  the  following  al- 
gorithm  can  be  used: 

12 
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(1)  Rate  r(i)  of  step  i  from  global  envelope 
memory  3  is  transferred  to  envelope  memory  14B 
as  rate  R(i)  of  step  i  of  the  xth-order  envelope 
function. 

(2)  Level  l(i)  of  step  i  is  read  out  from  global 
envelope  memory  3. 

(3)  Function  F(x,t(i))  is  calculated,  and  the 
result  is  transferred  to  envelope  memory  14b  as 
level  L(i)  of  step  [  of  the  xth-order  envelope  func- 
tion. 

(4)  Step  number  i  is  incremented  by  one.  If  i 
<  5,  then  the  flow  returns  to  step  (1).  However,  if  i 
=  5,  the  algorithm  is  ended. 

The  above  level  modification  can  be  easily 
performed  by  envelope  modification  device  14 
shown  in  Fig.  2.  F(x,W(t))  for  each  W(t)  from  en- 
velope  generator  12  is  calculated. 

@  In  the  arrangement  of  Fig.  11,  the  rate  modi- 
fication  in  addition  to  the  level  modification  can  be- 
performed  as  follows: 

LEVEL  -   F(x.LEVEL) 
Rate  -   G(x,  LEVEL) 
G(x,RATE)'  is  a  rate  value  corresponding  to  the 

xth-order  envelope  function  obtained  by  modifying 
value  RATE  of  the  global  envelope  function  in 
accordance  with  the  value  of  order  x. 

Several  arrangements  have  been  described  in 
detail  above.  The  present  invention  is  not  limited  to 
these.  Various  changes,  modifications,  and  im- 
provements  may  be  made.  In  the  above  embodi- 
ment,  a  plurality  (n)  of  envelope-controlled  sine 
wave  generators  15-1  to  15-n  are  used.  However, 
hardware  of  a  sine  generator  is  not  limited  if  it 
functionally  provides  a  plurality  of  sine  waves. 

For  example,  at  least  some  of  envelope-con- 
trolled  sine  wave  generators  15-1  to  15-n  can  be 
realized  by  TDM  (time-division  multiplexing). 

Another  embodiment  of  the  present  invention 
will  be  described  with  reference  to  Fig.  15. 

Referring  to  Fig.  15,  the  envelope-controlled 
sine  wave  generator  section  is  divided  into  two 
groups:  envelope-controlled  sine  wave  generators 
15-1  to  15-n  as  the  first  group  and  envelope- 
controlled  sine  wave  generators  15'-1  to  15'-m  as 
the  second  group.  Envelope-controlled  sine  wave 
generators  15-1  to  15-n  and  15'-1  to  15'-m  are 
connected  to  keyboard  1  as  a  performance  input 
device  and  data  input  device  2  for  inputting  various 
data.  At  data  input  device  2,  the  user  can  specify 
independent  harmonic  data  to  the  respective 
groups  of  envelope-controlled  sine  wave  gener- 
ators.  Sine  wave  generators  15-1  to  15-n  and  15'-1 
to  15'-m  can  generate  different  sine  waves  having 
independent  frequencies  on  the  basis  of  prestored 
harmonic  data  upon  key  depression  at  keyboard  1  . 
The  feature  of  this  embodiment  lies  in  that  the  first 
and  second  groups  constituted  by  the  correspond- 
ing  envelope-controlled  sine  wave  generators  are 

coupled  to  the  corresponding  global  envelope 
memories.  More  specifically,  envelope-controlled 
sine  wave  generators  15-1  to  15-n  of  the  first  group 
are  coupled  to  first  global  envelope  memory  3-1, 

5  and  envelope-controlled  sine  wave  generators  15'-1 
to  15'-m  of  the  second  group  are  coupled  to  sec- 
ond  global  envelope  memory  3-2.  First  and  second 
global  envelope  memories  3-1  and  3-2  respectively 
store  first  and  second  global  envelope  functions 

w  W1(t)  and  W2(t)  which  are  independently  set  at 
data  input  device  2.  First  global  envelope  function 
W1(t)  is  converted  to  n  envelope  functions  of  n 
orders  determined  by  the  assigned  harmonic  data 
(order)  in  envelope-controlled  sine  wave  generators 

75  15-1  to  15-n  belonging  to  the  first  group.  Second 
global  envelope  function  W2(t)  is  modified  into  m 
envelope  functions  determined  by  the  assigned 
harmonic  data  in  envelope-controlled  sine  wave 
generators  15'-1  to  15'-m  belonging  to  the  second 

20  group.  The  modified  envelope  functions  of  the  re- 
spective  orders  are  used  to  control  the  envelopes 
of  the  sine  wave  signals  of  the  corresponding  or- 
ders  in  envelope-controlled  sine  wave  generators 
15-1  to  15-n. 

25  In  this  embodiment,  if  one  envelope  (i.e.  the 
global  envelope  function)  is  given  for  sine  wave 
signals  of  one  group,  a  plurality  of  envelope  func- 
tions,  i.e.,  envelope  functions  of  sine  wave  signals 
belonging  to  this  group  can  be  obtained  based  on 

30  the  given  function.  The  load  imposed  on  the  user 
who  produces  the  envelopes  can  be  greatly  re- 
duced.  In  addition,  according  to  this  embodiment, 
since  independent  global  envelope  functions  are 
set  in  units  of  groups,  musical  tones  with  a  variety 

35  of  tone  colors  can  be  obtained  as  compared  with 
the  arrangement  in  which  a  common  global  en- 
velope  is  given  for  all  sine  waves  without  dividing  a 
set  of  sine  waves  into  a  plurality  of  groups. 

Referring  back  to  the  arrangement  of  Fig.  15, 
40  envelope-controlled  sine  wave  data  from  envelope- 

controlled  sine  wave  generators  15-1  to  15-n  and 
15'-1  to  15'-m  are  added  by  adders  16-1  and  16-2, 
respectively.  The  sum  signals  (musical  tone  sig- 
nals)  are  converted  into  analog  signals  by  D/A 

45  converter  17.  The  analog  signals  are  produced 
outside  through  amplifier  18  and  loudspeaker  19. 
Although  adders  16-1  and  16-2  are  represented  as 
separate  units,  only  one  adder  can  be  used  to  add 
output  data  from  envelope-controlled  sine  wave 

so  generators  15-1  to  15-n  and  15'-1  to  15'-m. 
The  detailed  arrangement  of  each  en- 

velopecontrolled  sine  wave  generator  is  the  same 
as  that  in  Fig.  2,  11  or  13. 

The  independent  first  and  second  global  en- 
55  velope  functions  can  be  arbitrarily  set  by  the  user. 

Independency  and  flexibility  between  the  global 
envelope  functions  are  reflected  in  envelope  func- 
tions  (i.e.,  the  envelope  functions  for  the  sine 

13 
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waves  of  the  first  group  and  the  envelope  functions 
for  the  sine  waves  of  the  second  group)  converted 
by  envelope  modification  device  14  or  14A.  There- 
fore,  a  variety  of  finally  produced  musical  tone 
signals  can  be  achieved. 

In  the  above  embodiment,  the  global  envelope 
functions  can  be  input  and  set  by  the  user  in  units 
of  groups.  The  envelope  functions  of  the  first  group 
applied  to  the  sine  waves  of  the  first  group  are 
independent  of  the  envelope  functions  of  the  sec- 
ond  group  applied  to  the  sine  waves  of  the  second 
group.  For  example,  if  the  global  envelope  function 
shown  in  Fig.  14(A)  is  a  global  envelope  function  of 
the  first  group  and  a  global  envelope  function  en- 
tirely  different  therefrom  is  a  global  envelope  func- 
tion  of  the  second  group,  envelope  functions  of 
orders  (e.g.,  Oth,  1st  and  2nd  orders)  obtained  on 
the  basis  of  the  global  envelope  function  of  the 
second  group  are  obviously  different  from  those 
shown  in  Figs.  14(B),  14(C),  and  14(D). 

Independency  between  the  envelope  function 
groups  can  be  obtained  by  other  means,  as  has 
been  described  above.  As  compared  with  other 
means,  the  arrangement  of  this  embodiment  is 
more  advantageous  due  to  the  following  reason.  In 
this  embodiment,  a  total  number  of  combinations  of 
the  global  envelope  functions  of  the  first  and  sec- 
ond  groups  is  greatly  increased  upon  selection  by 
the  user.  In  order  to  obtain  the  same  effect  by 
other  means,  e.g.,  a  means  for  producing  different 
global  envelope  functions  from  a  given  one  global 
envelope  function,  a  large  number  of  modification 
algorithms  and  large  hardware  are  required. 

In  the  arrangement  of  Fig.  15,  envelope-con- 
trolled  sine  wave  generators  15-1  to  15-n  of  the 
first  group  and  envelope-controlled  sine  wave  gen- 
erators  15'-1  to  15'-m  of  the  second  group  are 
fixedly  illustrated.  However  the  user  can  arbitrarily 
determine  which  generators  belong  to  the  first  or 
second  group.  Some  generators  may  be  added  or 
omitted  easily  within  the  scope  of  the  present  in- 
vention. 

In  the  above  embodiment,  the  envelope-con- 
trolled  sine  wave  generators  are  divided  into  two 
groups  but  may  be  divided  into  three  or  more 
groups.  In  an  extreme  case,  a  given  group  may 
use  one  sine  wave. 

In  the  above  embodiment,  the  frequency  of  the 
generated  sine  wave  is  a  fundamental  frequency  or 
its  harmonic  due  to  the  relationship  with  harmonic 
data.  However,  the  arrangement  is  not  limited  to 
this.  For  example,  a  sine  wave  having  a  frequency 
obtained  by  detuning  the  sine  wave  frequency  of 
the  first  group  may  be  used  as  the  sine  wave  of 
the  second  group.  A  technique  for  generating  a 
sine  wave  having  a  detuned  frequency  is  known  to 
those  skilled  in  the  art.  For  example,  in  phase 
angle  generator  6  in  Fig.  2,  the  repetitive  accu- 

mulation  value  of  the  accumulator  is  offset  by  a 
predetermined  number  of  sent. 

In  the  above  embodiment,  the  plurality  of 
envelope-controlled  sine  wave  generators  15-1  to 

5  15-n  and  15'-1  to  15'-m  are  used.  However,  hard- 
ware  is  not  limited  if  a  plurality  of  sine  waves  can 
be  functionally  generated.  A  sine  wave  generator 
may  be  arranged  in  accordance  with  a  time  di- 
vision  multiplexing. 

10  According  to  the  present  invention  as  de- 
scribed  above  in  detail,  a  common  envelope  func- 
tion  is  provided  for  the  component  wave  signals  of 
a  plurality  of  orders.  The  common  envelope  func- 
tion  is  modified  by  the  envelope  modifying  means 

75  into  envelope  functions  of  the  respective  orders. 
The  envelopes  of  the  component  wave  signals  are 
controlled  in  accordance  with  modified  envelope 
functions.  Therefore,  the  user  need  not  prepare  all 
envelopes  for  the  component  wave  signals.  Much 

20  labor  can  be  advantageously  reduced  to  produce 
musical  tones. 

Furthermore,  the  global  envelope  setting 
means  is  arranged  to  give  at  least  one  global 
envelope  function.  The  plurality  of  component 

25  waves  to  be  produced  by  the  component  wave 
generating  means  are  divided  into  at  least  the  first 
and  second  groups.  The  envelope  functions  for 
controlling  the  component  waves  of  the  respective 
orders  belonging  to  the  first  group  are  obtained  by 

30  modifying  the  global  envelope  function  by  the  first 
envelope  modifying  means,  and  the  envelope  func- 
tions  for  controlling  the  component  waves  of  the 
respective  orders  belonging  to  the  second  group 
are  obtained  by  modifying  another  global  envelope 

35  function  by  the  second  envelope  modifying  means. 
Therefore,  the  user  need  set  only  a  limited  number 
of  envelopes,  thus  improving  operability  for  produc- 
ing  musical  tones.  In  addition,  since  the  envelope 
functions  for  controlling  the  component  waves  of 

40  the  first  group  can  be  independent  of  the  envelope 
functions  for  controlling  the  component  waves  of 
the  second  group,  musical  tone  with  high-quality 
musical  tones  can  be  produced. 

The  present  invention  is  exemplified  by  the 
45  particular  embodiment  described  above  in  detail. 

However,  the  present  invention  is  not  limited  to 
these  embodiments,  and  various  changes  and 
modifications  may  be  made  within  the  spirit  and 
scope  of  the  invention. 

50 

Claims 

1.  A  musical  tone  generating  apparatus  of  a 
55  type  for  synthesizing  a  musical  tone  signal  by 

combining  a  plurality  of  component  wave  signals  of 
orders  from  component  wave  generating  means 
(15)  which  are  controlled  in  accordance  with  en- 

14 
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velope  functions  of  corresponding  orders,  compris- 
ing: 

common  envelope  setting  means  (3)  for 
supplying  a  common  envelope  function  to  the  plu- 
rality  of  component  wave  signals  of  the  plurality  of 
orders;  and 

envelope  modifying  means  (14,  14A)  for 
modifying  this  common  envelope  function  supplied 
from  said  common  envelope  setting  means  (3)  into 
the  envelope  functions  of  the  plurality  of  orders  for 
controlling  the  envelopes  of  the  wave  signals  of 
corresponding  orders. 

2.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  generates  the  envelope  functions  having 
values  amplified  in  accordance  with  closeness  be- 
tween  the  values  of  the  envelope  function  and  the 
value  of  the  orders  in  a  range  where  values  of  the 
envelope  functions  are  close  to  values  of  the  or- 
ders. 

3.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  produces  the  envelope  functions  having 
values  attenuated  in  accordance  with  differences 
between  the  values  of  the  envelope  functions  and 
the  value  of  the  orders  in  a  range  where  values  of 
the  envelope  functions  are  smaller  than  those  of 
the  orders. 

4.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  produces  envelope  functions  having  val- 
ues  attenuated  in  accordance  with  differences  be- 
tween  the  values  of  the  envelope  function  and  the 
value  of  the  orders  in  a  range  where  values  of  the 
envelope  functions  are  larger  than  those  of  the 
orders. 

5.  An  apparatus  according  to  claim  1,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  performs  a  modification  expressed  by 

G(x,W) 
where  W  is  the  value  of  the  common  envelope 
function  and  x  is  the  value  of  the  order,  thereby 
producing  the  envelope  functions  corresponding  to 
the  orders  x. 

6.  An  apparatus  according  to  claim  5,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  includes  arithmetic  and  logic  means  and 
performs  the  modification  by  the  G(x,W)  in  accor- 
dance  with  arithmetical  or  logical  operations. 

7.  An  apparatus  according  to  claim  5,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  includes  a  modification  table  and  per- 
forms  the  modification  by  the  G(x,W)  by  accessing 
said  modification  table  by  using  x  and  W  as  param- 
eters. 

8.  An  apparatus  according  to  claim  5,  char- 
acterized  in  that  said  envelope  modifying  means 
(14,  14A)  performs  the  modification  by  the  G(x,W) 
by  using  as  a  parameter  at  least  one  of  x-W,  x/W, 

5  x  W,  and  x  +  W. 
9.  An  apparatus  according  to  claim  1,  char- 

acterized  in  that  said  common  envelope  setting 
means  (3)  provides  the  common  envelope  function 
in  the  form  of  waveform  data,  and  said  envelope 

w  modifying  means  (14,  14A)  generates  the  envelope 
functions  of  the  respective  orders  in  the  form  of 
waveform  data  by  modifying  the  common  envelope 
function. 

10.  An  apparatus  according  to  claim  1,  char- 
75  acterized  in  that  said  common  envelope  setting 

means  (3)  provides  the  common  envelope  function 
in  the  form  of  polygonal  type  data,  and  said  en- 
velope  modifying  means  (14,  14A)  generates  the 
envelope  functions  of  the  respective  orders  in  at 

20  least  one  of  the  form  of  waveform  data  and  the 
form  of  polygonal  type  data  by  modifying  the  com- 
mon  envelope  function. 

1  1  .  A  musical  tone  generating  apparatus  of  a 
type  that  synthesizes  a  musical  tone  signal  by 

25  combining  a  plurality  of  component  wave  signals 
which  have  independent  envelope  functions,  com- 
prising: 

first  generating  means  (15'-1  -  15-n)  for 
generating  component  wave  signals  of  a  plurality  of 

30  orders  constituting  a  first  group; 
second  generating  means  (15'-1  -  15'-m)  for 

generating  component  wave  signals  of  a  plurality  of 
orders  constituting  a  second  group; 

global  envelope  setting  means  (3-1  ,  3-2)  for 
35  supplying  at  least  one  type  of  global  envelope 

function; 
first  envelope  modifying  means  (14,  14A)  for 

modifying  the  global  envelope  function  from  said 
global  envelope  setting  means,  in  accordance  with 

40  its  order,  thereby  generating  first  envelope  func- 
tions  of  the  respective  orders;  and 

second  envelope  modifying  means  (14,  14A) 
for  modifying  the  global  envelope  function  from 
said  global  envelope  setting  means  in  accordance 

45  with  its  order,  thereby  generating  second  envelope 
functions  of  the  respective  orders, 

wherein  the  component  wave  signals  belong- 
ing  to  the  first  group  are  controlled  by  the  first 
envelope  functions  of  the  corresponding  orders 

so  from  said  first  envelope  modifying  means  (14, 
14A),  the  component  wave  signals  belonging  to  the 
second  group  are  controlled  by  the  second  en- 
velope  functions  of  the  corresponding  orders  from 
said  second  envelope  modifying  means  (14,  14A), 

55  and  the  first  envelope  functions  generated  by  said 
first  envelope  modifying  means  and  the  second 

15 
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envelope  functions  generated  by  said  second  en- 
velope  modifying  means  are  independent  of  each 
other  regardless  of  the  orders. 

12.  An  apparatus  according  to  claim  11,  char- 
acterized  in  that  said  global  envelope  setting  5 
means  (3-1,  3-2)  provides  a  first  global  envelope 
function  W1  (t)  for  causing  said  first  envelope  modi- 
fying  means  (14,  14A)  to  generate  the  first  en- 
velope  functions  and  a  second  global  envelope 
function  W2(t)  different  from  the  first  global  en-  w 
velope  function  W1(t),  the  second  global  envelope 
function  W2(t)  causing  said  second  envelope  modi- 
fying  means  (14,  14A)  to  generate  the  second 
envelope  functions. 

13.  An  apparatus  according  to  claim  12,  char-  75 
acterized  in  that  said  global  envelope  setting 
means  (3-1  ,  3-2)  provides  a  single  global  envelope 
function  W,  said  first  envelope  modifying  means 
(14,  14A)  generates  the  first  envelope  functions  by 
using  a  value  of  an  order  x  as  a  parameter  in  20 
accordance  with  a  first  modification  logic  algorithm 
F(x),  and  said  second  envelope  modifying  means 
(14,  14A)  generates  the  second  envelope  functions 
using  the  value  of  the  order  x  as  a  parameter  in 
accordance  with  a  second  modification  algorithm  25 
Gx(W)  different  from  the  first  modification  algorithm 
Fx(W). 

14.  An  apparatus  according  to  claim  11,  char- 
acterized  in  that  said  global  envelope  setting 
means  (3-1,  3-2)  further  comprises  modifying  30 
means  for  receiving  the  single  global  envelope 
function  W  from  said  global  envelope  setting 
means  (3-1,  3-2)  and  generating  a  first  global  en- 
velope  function  G(W)  and  a  second  global  en- 
velope  function  H(W)  different  from  the  first  global  35 
envelope  function  G(W),  said  modifying  means  be- 
ing  adapted  to  supply  the  first  global  envelope 
function  G(W)  to  said  envelope  modifying  means 
(14,  14A)  and  the  second  global  envelope  function 
H(W)  to  said  second  envelope  modifying  means  40 
(14,  14A). 

45 
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