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Schaltung  fur  ein  elektronisches  Musikinstrument. 
©  The  invention  concerns  a  circuit  for  an  electronic  musical 
instrument  which  comprises  a  clock  generator  whose  clock 
rate  is  variable  in  accordance  with  sound  frequencies  to  be 
generated.  A  wave  form  memory  contains  scanning  values 
of  a  wave  form  indigital  format  and  may  be  addressed  by  the 
clock  generator  output  signals.  Data  retrieved  from  the 
memory  are  processed  by  a  digital  to  analogue  converter  by 
means  of  which  the  read-out  scanning  values  are  converted 
into  analogue  signals  and  processed  in  following  circuits  so 
as  to  produce  audio-signals  to  be  sounded.  The  wave  form 
memory  holds  the  scanning  values  of  several  periods  of  a 
note  including  its  release  section,  and  under  predetermined 
memory  element  addresses  of  the  wave  form  memory 
command  words  are  memorized  and  if  these  are  read-out  a 
command  signal  is  passed  to  the  clock  generator  so  to  set  it 

i  onto  an  address  under  which  in  the  wave  form  memory  the 
,  same  scanning  value  as  prior  to  said  command,  however,  in 
I  the  release  section  of  the  envelope,  is  read  while  the  digital 

analogue  converter  is  disabled  for  the  command  words. 
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The invention  concerns  a  circuit for  an  electronic  musical 
instrument  which  comprises  a  clock  generator  whose  clock 
rate  is  variable  in  accordance  with  sound  frequencies  to  be 
generated.  A  wave  form  memory  contains  scanning  values 
of  a  wave  form  indigital format  and  may  be  addressed  by  the 
clock  generator  output  signals.  Data  retrieved  from  the 
memory  are  processed  by  a  digital to  analogue  converter  by 
means  of  which  the  read-out  scanning  values  are  converted 
into  analogue  signals  and  processed  in  following  circuits  so 
as  to  produce  audio-signals  to  be  sounded.  The  wave  form 
memory  holds  the  scanning  values  of  several  periods  of  a 
note  including  its  release  section,  and  under  predetermined 
memory  element  addresses  of  the  wave  form  memory 
command  words  are  memorized  and  if  these  are  read-out  a 
command  signal is  passed  to  the  clock  generator  so  to  set  it 
onto  an  address  under  which  in  the  wave  form  memory  the 
same  scanning  value  as  prior  to  said  command,  however, in 
the  release  section  of  the  envelope,  is  read  while  the  digital 
analogue  converter  is  disabled  for  the  command  words. 



The  p resen t   inven t ion   r e l a t e s   to  a  c i r c u i t   for   an  e l e c t r o n i c   m u s i c a l  

i n s t rumen t ,   in  p a r t i c u l a r   to  a  c i r c u i t   having  the  f ea tu re s   set  for th   in  

the  preamble  of  pa ten t   claim  1.  Such  a  c i r c u i t   is  d i sc losed   in  German 

publ i shed   patent   a p p l i c a t i o n   27  15  510  based  on  Japanese  p r i o r i t y  

a p p l i c a t i o n   P  51-38466 .  

H e r e i n a f t e r ,   i nd iv idua l   s e c t i o n s   of  a  wave  form  will  be  des ignated   w i t h  

the  i n t e r n a t i o n a l l y   used  words  " a t t a c k " ,   " s u s t a i n " ,   " r e l e a s e " .  

In  accordance  with  the  t each ing   of  the  p u b l i c a t i o n   r e fe r red   to  above,  a 

complete  wave  form  is  memorized  inc luding   a t t a c k ,   sus ta in   and  r e l ease   i f  

a  percuss ion   sound  is  to  be  s imula ted   as,  e . g . ,   piano  notes .   If  by 

s t r i k i n g   a  key  on  a  manual  of  the  i n s t rumen t ,   such  a  note  is  ca l led   upon,  
the  wave  form  memory  is  r ead-ou t   complete ly   even  if  the  player   w i l l  

p remature ly   cease  to  s t r i k e   the  key.  However,  in  th is   l a t t e r   case,  t h e  

wave  form  is  modified  in  tha t   data  read-out   a f t e r   r e l ease   of  the  key  a r e  

m u l t i p l i e d   by  an  a t t e n u a t i o n   f u n c t i o n .  

If  it  is  necessary  to  permit   p roduc t ion   of  a  sound  of  a r b i t r a r y   s u s t a i n  

d u r a t i o n ,   as  e .g .   organ  no tes ,   the  p u b l i c a t i o n   r e fe r r ed   to  above  

suggests   to  use,  as  the  r e l e a s e   por t ion   of  the  note,  quickly  or  s l o w l y  

a t t e n u a t e d   data  of  the  s u s t a i n   p e r i o d .  

It  is  an  object   of  the  p resen t   invent ion   to  improve  the  c i r c u i t   a s  
def ined  in  the  preamble  of  pa tent   claim  1  such  that   always  the  comple t e  

wave  form  including  the  r e l e a s e   sec t ion   is  r ead-ou t   wherein  the  t r a n s i -  

t ion  from  sus ta in   to  r e l e a s e   can  be  provided  at  any  point  of  the  s u s t a i n  

s e c t i o n ,   without  the  n e c e s s i t y   to  complete  r e ad ing -ou t   of  the  e n t i r e  

s u s t a i n   wave  form  before  r e l e a s e   can  commence.  In  fac t ,   this   permits  t o  

memorize  r e l a t i v e l y   long  per iods   of  a  na tu ra l   sound  and  to  t h e r e b y  



improve  the  s imu la t ion   while  n e v e r t h e l e s s   the  reading  of  the  su s t a in   may 

be  i n t e r r u p t e d   with  only  n e g l i g i b l e   delay  in  order  to  commence  r e l e a s e  

data  reading  upon  ces sa t ion   of  a  key  s t r o k e .  

The  c h a r a c t e r i z i n g   port ion  of  pa t en t   claim  1  def ines   the  means  which,  in  

accordance  with  the  p resen t   i n v e n t i o n ,   are  provided  to  achieve  t h e  

ob jec t   def ined  above .  

Accord ingly ,   during  the  memorizat ion  of  scanning  da ta ,   c e r t a i n   memory 
e l e m e n t s  -   p r e f e r a b l y   r e g u l a r l y   s p a c e d  -   are  preserved  for  the  command 

words.  Upon  t h e i r   reading,   a  decoder  d e t e c t s   whether  in  the  time  p e r i o d  

since  the  reading  of  the  previous   command  word  a  s ignal   "sound  off"  has 

occurred  (which  would  e.g.  mean  in  case  of  an  e l e c t r o n i c   organ  tha t   t h e  

r e s p e c t i v e   key  had  been  r e l e a s e d   by  the  p l a y e r ) .   Only  under  t h e s e  

c o n d i t i o n s ,   the  command  words  wil l   cause  a  "jump"  to  the  memorized 

r e l e a s e   s ec t i on   which  will  then  be  r e a d - o u t .  

P r e f e r r ed   a d d i t i o n a l   f e a t u r e s   are  de f ined   in  the  s u b c l a i m s ,   and  t h e  

r e s u l t s   of  t h e i r   f e a t u r e s   wi l l   become  apparent   upon  read ing   of  t h e  

fo l lowing   d e t a i l e d   d e s c r i p t i o n   of  embodiments .  

Reference  is  made  to  the  accompanying  d r a w i n g s .  

Fig.  1  shows  the  envelope  of  a  sound,  for  example,  a  t r u m p e t  

n o t e .  

Fig.  2  i l l u s t r a t e s   s c h e m a t i c a l l y   how  such  a  sound  is  r e p r o d u c e d  

by  means  of  the  c i r c u i t   of  the  i n v e n t i o n .  

Fig.  3  i l l u s t r a t e s   with  a  temporal   scale  c o n s i d e r a b l y   i n c r e a s e d  

over  tha t   of  Fig.  2  the  i n t e r s p e r s i n g   of  the  command 

words  into  the  scanning  v a l u e s .  

Fig.  4  i l l u s t r a t e s   the  envelope  of  a  pe rcuss ion   sound  ( e . g .  

p iano) ,   in  one  case  with  the  key  held  depressed   and  in 

the  other  case  with  the  key  b r i e f l y   s t r u c k .  

Fig.  5  shows  the  r e p r o d u c t i o n   of  such  sound .  

Fig.  6  shows  in  analogy  to  Fig.  3  the  i n t e r s p e r s i n g   of  t h e  

command  words .  



Fig.  7  is  a  c o n s i d e r a b l y   s i m p l i f i e d   block  c i r c u i t   d iagram 

according  to  the  i n v e n t i o n .  

Fig.  1  shows  the  temporal  events  of  a  sound  gene ra t ed   by  means  of  an 

ins t rument   p e r m i t t i n g   to  "hold"  a  note,   as  e .g .   a  t rumpet   note.   The 

ampl i tudes   show  th ree   c h a r a c t e r i s t i c   s e c t i o n s :   Attack  A,  Sustain  S,  and 

Release  R .  

Fig.  2  shows  the  envelope  p lot   as  reproduced  for  such  a  note  by  means  o f  

the  c i r c u i t   of  the  i n v e n t i o n .   The  s ec t i ons   A  and  R  are  memorized  i n  

t h e i r   e n t i r e t y   while  of  the  s ec t ion   S,  only  a  por t ion   S'  is  memorized 

and  will  be  repeated  in  case  of  a  du ra t ion   of  a  "sound  on" - s igna l   with  a 

du ra t i on   exceeding  t ha t   of  the  memorized  por t ion   S'.  It  will  be  a p p r e c i -  

ated  t ha t   the  r e p r o d u c t i o n   wil l   sound  the  more  na tu ra l   the  l o n g e r  

s u b s e c t i o n   S'  is  chosen,  however,  there   is  the  i nhe ren t   l imi t   of  memory 

capac i t y   and  access  t ime.  A  du ra t ion   of  s u b s e c t i o n   S'  should  have  a 

minimum  reading  d u r a t i o n   of  about  100  m i l l i s e c o n d s ,   and  500  m i l l i s e c o n d s  

would  be  p r e f e r a b l e .  

On  the  other   hand,  when  a l ready   a  "sound  o f f " - s i g n a l   is  p r e s e n t ,  

occu r r ing   somewhere  wi thin   S',   it  is  undes i r ab l e   to  complete  the  a c t u a l  

reading  of  S'  before  the  sound  is  cont inued  with  the  R  s e c t i o n .   For  t h i s  

reason,   under  p rede te rmined   addresses   of  the  wave  form  memory  h o l d i n g  

the  ampli tude  scanning  va lues ,   command  words  GOREL  are  wr i t t en   in.  Upon 

presence  of  a  "sound  off"   i n s t r u c t i o n   (  i . e .   in  case  of  an  o r g a n ,  
r e l e a s e   of  the  r e s p e c t i v e   key),  at  f i r s t   the  reading  of  subsec t ion   S' 

will   cont inue  but  only  un t i l   an  address  holding  a  GOREL  is  met.  From 

then  on,  a  jump  is  made  to  cont inue   with  sec t ion   R.  The  GOREL  commands 

may  be  addressed  with  a  temporal  spacing  of  about  10  or,  as  a  maximum, 

20  m i l l i s e c o n d s  -   depending  on  the  clock  f r e q u e n c y  -   while  t h e i r   minimum 

spacing  is  one  period  of  the  sound  o s c i l l a t i o n .   This  has  the  consequence  
tha t   a  c e r t a i n   wave  form  memory  is  s u i t a b l e   for  a  l imi ted   range  of  c l ock  

f r e q u e n c i e s   only;  h igher   or  lower  clock  f r e q u e n c i e s   are  handled  by  o t h e r  

memories  which  are  loaded  in  a  commensurate  manner.  For  example,  one 

memory  may  be  provided  for  each  octave  to  be  p layab le   by  the  i n s t r u m e n t .  



As  i l l u s t r a t e d   in  Fig.  3,  it  is  p r e f e r r e d   to  s e l e c t   the  addresses   of  t h e  

GOREL  such  that   they  are  at  ampli tude  zero  c r o s s i n g s   of  the  memorized 

sound  because  under  th i s   c o n d i t i o n ,   noise  is  reduced  to  a  minimum. 

Fig.  4  is  analog  to  Fig.  1  but  shows  pe rcuss ion   sounds,  e .g .   of  a  p i a n o .  

Such  sounds  have  an  A  s e c t i o n   which  is  immediately   fol lowed  by  a  R 

s e c t i o n .   The  envelope  is  shown  in  Fig.  4  for  the  case  of  a  s t e a d i l y  

depressed  key  causing  a  s teady  decrease   of  the  ampl i tude ,   and  also  f o r  

the  case  of  a  sudden  key  s t r i k e .  

As  shown  in  Fig.  5,  both  these   envelopes  are  memorized  wi thout ,   o f  

course ,   p rov i s ion   of  a  s u s t a i n   s e c t i o n .  

Fig.  6  shows  tha t   at  the  GOREL  commands,  there   is  always  the  p o s s i b i l i t y  

to  jump  to  the  address  of  the  same  ampli tude  but  in  the  R  sec t ion   of  t h e  

memory  which  r e s u l t s   in  an  e x c e l l e n t   s imula t ion   of  na tu ra l   sounds.  Th is  

jump  is  performed  under  the  c o n d i t i o n   tha t   the  depressed   key  is  r e l e a s e d .  

Fig.  7  shows  in  block  form  and  reduced  to  the  components  which  are  o f  

importance  for  the  implementa t ion   of  the  invent ion   a  c i r c u i t   a c c o r d i n g  

to  the  p r i n c i p l e s   of  the  p r e s e n t   i n v e n t i o n .  

Scanning  values  of  the  de s i r ed   wave  form  are  memorized  in  wave  form 

memories  of  which  only  one  is  shown  and  des igna ted   with  10.  The  data  may 

be  abso lu te   va lues ,   d i f f e r e n t i a l   values  or  other   d i g i t a l   r e p r e s e n t a t i o n s  

of  the  ampl i tude  v a r i a t i o n s .   As  a  memory,  e i t h e r   ROM  or  RAM  t y p e  

memories  may  be  used,  in  the  l a t t e r   case  ex t e rna l   loading  means  a r e  

provided,   p r e f e r a b l y   a  m i c r o p r o c e s s o r .  

At  c e r t a i n   memory  add res ses ,   command  words  GOREL  and  GOTO,  r e s p e c t i v e l y ,  

are  memorized.  

If  it  is  e .g.   des i r ed   that   a  maximum  20  m i l l i s e c o n d s   delay  a f t e r   r e l e a s e  

of  a  key  be  permi t ted   before  the  A  sec t ion   or  S'  s ec t ion   (as  the  c a s e  

may  be)  is  q u i t t e d   and  the  sound  is  continued  with  the  R  s e c t i o n ,   for  a 

basic  f requency  of  the  sound  of,  say,  250  cps  one  GOREL  should  be 



memorized  a f t e r   each  f i f t h   sound  pe r iod .   If  the  reading  f requency  i s  

doubled,  the  temporal  spacing  between  two  succeeding  GOREL  commands  w i l l  

be  reduced  to  10  m i l l i s e c o n d s   only.  In  order  to  maintain   t h i s   1 0 . . 2 0  

m i l l i s e c o n d s   spacing,   thus  one  envelope  memory  is  to  be  provided  f o r  

each  o c t a v e .  

GOTO  commands  are  provided  only  if  the  memory  conta ins   a  S'  s e c t i o n ,  

too,  said  subsec t i on   S'  being  simply  repea ted   if  the  r e s p e c t i v e   key  i s  

held  depressed   long  enough.  The  reading  du ra t ion   of  S'  is  at  l e a s t   100 

m i l l i s e c o n d s .   This  means  that   for  the  example  given  above,  for  a  sound 

f requency  of  500  cps  at  leas t   f i f t y   pe r iods   of  a  na tura l   sound  are  to  be 

memorized  to  form  S'.  (With  250  cps,  of  course ,   the  S'  du ra t ion   will  be 

doubled  to  200  m i l l i s e c o n d s ) .  

The  reading  clock  is  suppl ied  by  clock  g e n e r a t o r   12  which  addresses   an 

address  coun te r   14.  The  l a t t e r   r e c e i v e s ,   via  m u l t i p l e x e r   16,  the  s t a r t  

address  (upon  depress ion   of  a  key),   and  data  r e t r i e v e d   under  t h e  

r ead-ou t   addresses   are  passed  to  a  d i g i t a l - t o - a n a l o g   conve r t e r   18  which 

gene ra t e s   a  r e s p e c t i v e   analog  s igna l   to  be  f u r t h e r   processed  by  compo- 
nents  as  f i l t e r s ,   a m p l i f i e r s   and  the  l ike ,   as  is  common  p r a c t i c e   i n  

e l e c t r o n i c   musical  i n s t r u m e n t s .   In  a d d i t i o n ,   the  data  are  fed  to  a 

decoder  22  which  de tec t s   whether  a  GOREL  or  GOTO  has  been  read.  The 

fo l lowing  p o s s i b i l i t i e s   are  to  be  c o n s i d e r e d :  

-  key  s t i l l   depressed:   Ignore  GOREL. 

-  key  s t i l l   depressed:   GOTO  will   set  address  counter   to  t h e  

s t a r t   address  of  s u b s e c t i o n   S'  ( i f   a n y ) .  

-  key  re leased   (symbolized  by  STOP  l ine ) :   Ignore  GOTO. 

-  key  r e l eased :   GOREL  will  set   address  counter   14  to  t h e  

"homologue"  address  of  the  R  sec t ion   of  the  memo- 

rized  sound,  i . e .   tha t   address   where 

(i)  with  a  preceding  S'  s u b s e c t i o n ,   the  R  s e c t i o n  

begins,   o r  

( i i )   with  a  preceding  A  sec t ion   (or  por t ion   t h e r e o f )  

the  same  or  most  s i m i l a r   ampli tude  value  of  t h e  

R  sec t ion   is  memor ized .  



In  any  such  event ,   the  d i g i t a l - t o - a n a l o g   c o n v e r t e r   is  d i s a b l e d ,   and  f o r  

this   purpose  a  d i s a b l i n g   input  is  supp l ied   to  i ts   BLOCK  i n p u t .  

The  p rocess ing   desc r ibed   above  is  implemented  by  means  of  a  c o n t r o l  

logic  20  which  may  be  a  ROM  or  a  gate  ar ray  logic  and  which  s u p p l i e s   t h e  

r e spec t i ve   con t ro l   s igna l   SET.  Such  a  con t ro l   logic  may  be  e a s i l y  

implemented  by  an  exper t   s k i l l e d   in  the  a r t   based  on  the  fo l lowing   t r u t h  

t a b l e :  

It  will  be  unders tood  tha t   the  c i r c u i t   embodiment  as  descr ibed   above  may 
be  modified  in  order   to  produce  a  polyphonic   i n s t rument .   In  t h i s  

connect ion ,   r e f e r e n c e   is  made  to  European  Pa tent   36074  which  d i s c l o s e s   a 

c i r c u i t   ar rangement   ope ra t ing   with  v a r i a b l e   clock  r a t e .  

The  c i r c u i t   of  Fig.  7  may  be  implemented  by  using  i n t e g r a t e d   c i r c u i t s  

ava i l ab l e   on  the  m a r k e t .  



1.  A  c i r c u i t   for  an  e l e c t r o n i c   musical  i n s t rumen t ,   compris ing  a 

clock  g e n e r a t o r   producing  a  v a r i a b l e   clock  rate  commensurate  with  sound 

f r e q u e n c i e s   to  be  gene ra ted ,   compr is ing   f u r t h e r   a  wave  form  memory 

readab le   by  means  of  clock  g e n e r a t o r   output   s igna l s   and  holding  s c a n n i n g  

values  of  severa l   per iods   of  a  note  inc luding   its  r e l ease   s e c t i o n ,   s a i d  

values  being  d i g i t a l l y   memorized,  and  comprising  f u r t h e r   a  d i g i t a l   t o  

analogue  c o n v e r t e r   by  means  of  which  the  read-out   scanning  values  a r e  

conver ted   into  analogue  s igna l s   to  be  processed  by  succeeding  c i r c u i t s   so 

to  produce  a u d i o - s i g n a l s   to  be  sounded  in  analogue  form  c h a r a c t e r i z e d   in 

tha t   p rede te rmined   memory  element  addres ses   of  said  wave  form  memory  hold 

command  words  c o n t r o l l i n g ,   when  r e a d - o u t ,   t r a n s m i s s i o n   of  a  command 

signal   to  said  clock  gene ra to r   so  to  set  the  l a t t e r   to  an  address   under  

which  in  said  wave  form  memory  the  same  scanning  value  as  p r io r   to  s a i d  

command  but  in  the  r e l ea se   sec t ion   of  the  envelope  is  read,  and  tha t   t h e  

d i g i t a l   analogue  c o n v e r t e r   is  d i s ab l ed   for  said  command  words .  

2.  A  c i r c u i t   as  set  fo r th   in  claim  1,  c h a r a c t e r i z e d   in  t h a t  

between  succeed ing ly   readable   command  words  at  l eas t   one  period  of  a  wave 

form  is  memorized.  

3.  A  c i r c u i t   as  set  for th  in  claim  2,  c h a r a c t e r i z e d   in  tha t   t h e  

clock  g e n e r a t o r   f requency  and  the  number  of  scanning  values  memorized 

between  succeeding  command  words  are  adapted  to  each  other  such  tha t   t h e  

temporal  spacing  between  succeed ing ly   readable   command  words  will  be  20 

m i l l i s e c o n d s   m o s t l y .  

4.  A  c i r c u i t   as  set  fo r th   in  claim  3,  c h a r a c t e r i z e d   in  tha t   a 

p l u r a l i t y   of  wave  form  memories  are  provided  each  a l l o c a t e d   to  a  range  o f  

clock  g e n e r a t o r   f r e q u e n c i e s .  

5.  A  c i r c u i t   as  set  for th  in  claim  4,  c h a r a c t e r i z e d   in  tha t   each 

wave  form  memory  has  a  memory  c apac i t y   for  a  reading  dura t ion   of  at  l e a s t  

100  m i l l i s e c o n d s .  



6.  A  c i r c u i t   as  set  for th   in  one  of  claims  1  to  5,  c h a r a c t e r i z e d  

in  tha t   under  second  predetermined  memory  element  addresses   of  said  wave 

form  memory  and  in  the  order  of  reading  behind  a  p rede te rmined   number  o f  

scanning  values  of  a  sus ta ined   note,  second  command  words  are  memorized 

which  enable   upon  being  read,  t r a n s m i s s i o n   of  a  second  command  s igna l   t o  

said  clock  g e n e r a t o r   so  to  set  the  l a t t e r   onto  an  address   under  which  in 

said  wave  form  memory  the  f i r s t   scanning  value  of  the  s u s t a i n e d   note  j u s t  

sounded  is  r ead -ou t   again,   and  tha t   said  d i g i t a l   to  analogue  c o n v e r t e r   i s  

d i sab led   for  said  second  command  words,  t o o .  
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