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©  Polyphonic  digital  synthesizer. 
This  invention  relates  to  a  polyphonic  and  polytimbric 

digital  synthesizer  characterized  by  the  definition  of  the 
synthesizer  sound  through  a  finite  set  of  (n)  periodic  wave 
forms  and  an  algorithm  that  defines  the  evolution  of  the 
sound. 

Each  sound  is  generated  by  the  association  in  real  time  of 
the  timbre  and  the  frequency  relative  to  it. 



This  p e t i t i o n   of  patent   for  i n d u s t r i a l   i n v e n t i o n   is  r e l a t e d   to  a 

polyphonic   and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r :   i t   s i m u l t a n e o u s l y  

genera tes   va r ious   sounds  e v e n t u a l l y   d i s t i n g u i s h e d   by  d i f f e r e n t   t i m b r e s .  

The  gene ra t ion   of  a  sound  means  the  b u i l d i n g   of  an  e l e c t r i c   s igna l   t h a t ,  

ampl i f ied   and  sent  to  the  l o u d - s p e a k e r ,   wi l l   o r i g i n a t e   the  sound  i t s e l f s  

in  th is   p a r t i c u l a r   case,  having  a  d i g i t a l   s y n t h e s i z e r ,   i t   means  t o  

build  the  p a t t e r n s   of  that   s igna l   at  a  c e r t a i n   p a t t e r n i n g   f r e q u e n c y  

(from  now  on  r e f e r r e d   to  as  FS)  tha t   the  l a s t   step  of  the  system,  t h e  

analog  d i g i t a l   conve r t e r ,   wi l l   convert   to  the  analog  s ignal   tha t   can  

be  sent  to  an ampli f ier   and  then  to  the  l o u d - s p e a k e r .  

The  s y n t h e s i z e r   de te rmines ,   for  each  sound  to  be  genera ted ,   the  f r e q u e n c y  

p a t t e r n s   (FS)  of  the  r e l a t i v e   s i gna l ,   in  every  pa t te rn ing  moment   i t  

adds  up  the  p a t t e r n s   r e l a t i v e   to  the  va r ious   s i g n a l s ,   o r i g i n a t i n g   t h e  

p a t t e r n s   of  the  complex  s igna l ,   sum  of  the  s i gna l s   that   make  up  t he  

s ingle   soundss  th is   is  so  because  the  p a t t e r n i n g   ope ra t i on   is  l i n e a r  

and  t h e r e f o r e   the  sum  of  the  p a t t e r n s   of  the  s ingle   sounds  is  e q u a l  

to  the  p a t t e r n s   of  the  sum  of  the  s i g n a l s .  

A  s ignal   is  c h a r a c t e r i z e d   by  i t s   fundamental   f requency  (FF)  and  by  i t s  

t imbre,   that  is  by  the  time  e v o l u t i o n   of  i t s   s p e c t r a l   compos i t ion .  

The  system  s to res   the  s ignal   t imbres  to  be  syn thes i zed   and  at  the  mo- 

ment  of  syn the s i s   it  genera tes   the  sound  a s s o c i a t i n g   timbre  and  funda  

mental  f r e q u e n c y .  

The  t imbres  are  stored  in  this   way:  s t a r t i n g   from  the  time  e v o l u t i o n  



a n a l y s i s   of  the  s p e c t r a l   compos i t ion ,   the  period  is  subdiv ided   i n t o  

a  number  (n)  of  i n t e r v a l s   d e l i m i t e d   by  the  t imes:  ( t l ,   t2,  . . .   t n )  

and  in  each  i n t e r v a l   ( t i - 1 ,   t i )   t h i s   time  e v o l u t i o n   is  a p p r o x i m a t e d  

a t t a c h i n g   to  the  s i gna l   on  the  whole  i n t e r v a l   the  s p e c t r a l   c o m p o s i t i o n  

i t   has  at  the  center   of  the  i n t e r v a l .  

For  each  of  the  t imbres   t ha t   the  s y n t h e s i z e r   makes  a v a i l a b l e   the  f o l  

lowing  is  s t o r e d :  

a)  the  p a t t e r n s   on  a  per iod   of  (n)  p e r i o d i c a l   wave  forms  of  p e r i o d  

normal ized  to  (1),  with  the  s p e c t r a l   composi t ion   given  to  the  s i g n a l  

in  the  (n)  i n t e r v a l s   as  def ined  above)  l a t e r   on  i t   w i l l   be  i l l u s t r a t e d  

how,  s t a r t i n g   from  these  p a t t e r n s ,   i t   is  pos s ib l e   to  syn thes i ze   p e r i o d i  

cal  s igna l s   c h a r a c t e r i z e d   from  those  s p e c t r a l   composi t ions   and  from 

d i f f e r e n t   fundamental   f r e q u e n c i e s .  

b)  an  a lgor i thm  tha t   de f ine s   the  times  and  the  m o d a l i t i e s   with  which  

the  wave  forms  r e f e r r e d   to  in  point   a)  come  t o g e t h e r   to  create   t h e  

s i g n a l .  

This  a lgor i thm  is  implemented  in  the  system  through  a  simple  l a n g u a g e :  

for  each  timbre  there  e x i s t s   in  the  EPROM  memory  a  coded  program  i n  

th i s   language  tha t   is  i n t e r p r e t e d   by  the  p r o c e s s i n g   un i t   supported  by  

a  m ic rop roces so r   (CPU). 

The  m i c r o p r o c e s s o r   loads  into  a  RAM  area,   tha t   we  w i l l   name  RAMTIMBRI, 

the  wave  forms  r e l a t i v e   to  the  t imbres   tha t   the  user   s e l e c t s   as  imme- 

d i a t e l y   executab le   and  it   c o o r d i n a t e s   the  sound  g e n e r a t i o n   programming 

the  fundamental   f requency  and  e x e c u t i n g   the  o p e r a t i o n s   def ined  by  t h e  

timbre  a l g o r i t h m .  

Sounds  d i s t i n g u i s h e d   by  the  t imbres   whose  wave  forms  are  loaded  in  t h e  

RAMTIMBRI  can  be  s y n t h e s i z e d ,   at  any  r a te   the  (CPU)  can  s t i l l   load  a  

new  timbre  in  the  RAMTIMBRI,  s u b s t i t u t i n g   i t ,   if  the  memory  is  comply 

te lv   occupied,   with  one  of  the  t imbres   a l r eady   p r e sen t ,   even  when  t h e  

s y n t h e s i z e r   is  g e n e r a t i n g   sounds .  

All  the  sounds  are  bu i l t   by  the  wi thdrawal   of  p a t t e r n s   stored  in  t h e  



RAMTIMBRI:  the  m i c r o p r o c e s s o r   based  on  the  s igna l   timbre  makes  i t   p o s  

s ib le   to  withdraw  p a t t e r n s   of  the  wave  forms  r e l a t i v e   to  i t   and ,  

i n t e r p r e t i n g   the  program  tha t   implements  the  t imbre  a lgor i thm,   i t  

makes  it   poss ib le   to  access  at  any  moment  the  a p p r o p r i a t e   wave  form 

between  those  r e l a t i v e   to  the  t imbre .  

It  was  above  mentioned  tha t   a  s ignal   is  c h a r a c t e r i z e d   by  a  t imbre  and 

a  fundamental   f requency  (FF) .  

The  system  provides   a  set  of  (p)  programmable  o s c i l l a t o r s ;   they  are  pro 

grammed  by  the  m i c r o p r o c e s s o r   such  as  to  genera te   a  f requency  o s c i l l a t i o n  

equal  to  (m)  times  the  f requency  (FF),  where  (m)  is  the  number  of  p a t -  

t e rns   tha t   define  the  wave  forms.  

This  o s c i l l a t i o n   is  u t i l i z e d   by  a  ded ica ted   d i g i t a l   hardware  (HW1), 

s u b s t a n t i a l l y   a  modulus  counter   (m),  to  s e q u e n t i a l l y   address   a l l   t h e  

p a t t e r n s   of  the  wave  form  s e l e c t e d   by  the  m i c r o p r o c e s s o r .  

Scanning  the  (m)  p a t t e r n s   of  the  wave  form  with  f requency  (m  x  FF),  t h e  

r e p e t i t i o n   period  of  the  scanning  cycle  is  equal  to  (FF),  tha t   is  t h e  

genera ted   s ignal   has  fundamental   f requency  (FF).  

Summarizing,  during  the  s y n t h e s i s   of  a  s i gna l ,   at  every  moment  t h e r e  

is  an  add re s s ing   of  the  p a t t e r n   s tored  in  the  RAMTIMBRI:  the  (CPU) 

provides   the  addresses   tha t   locate   the  wave  form  to  access ,   the  hardware  

(HW1)  provides  the  addresses   to  determine  which  one  of  those  of  the  wave 

form  is  the  concerned  p a t t e r n .  

All  th i s   happens  for  a l l   the  s igna l s   that   have  to  be  u t i l i z e d   s i m u l t a -  

n e o u s l y . .  

Following  is  the  d e s c r i p t i o n   of  the  o p e r a t i o n   of  p a t t e r n   d e t e r m i n a t i o n  

of  the  var ious   s igna l s   at  the  p a t t e r n   f requency  (FS),  and  t h e i r   sum. 

For  th is   opera t ion   we  have  another  block  of  ded ica t ed   hardware  (HW2), 

dr iven  by  an  o s c i l l a t o r   of  f requency  (q)  times  (FS),  where  (q)  is  t he  

maximum  number  of  s igna l s   that  can  be  added  up  (degree  of  polyphony  o f  

the  s y n t h e s i z e r ) .  



This  hardware  (HW2)  subdiv ides   the  p a t t e r n i n g   period  (TS  =  1/FS) 

into  (q)  equal  i n t e r v a l s ,   that   we  wi l l   call   time  s l o t s ,   each  of  wh ich  

is  ass igned   to  one  of  the  s i g n a l s   to  add  up. 

During  each  of  these  time  s lo t s   the  hardware  (HW2)  executes   the  f o l l o w i n g  

o p e r a t i o n s   for  the  d e t e r m i n a t i o n   of  the  p a t t e r n   of  the  r e l a t i v e   s i g n a l :  

11  gets  the  address   of  the  p a t t e r n   of  tha t   s igna l   ( b u i l t   in  the  way 

above  m e n t i o n e d ) ,  

21  gets  the  p a t t e r n   from  the  memory  RAMTIMBRI; 

3)  adds  the  p a t t e r n   into  a  summer-accumulator   modulus.  

After   all   these  ope ra t i ons   are  executed  in  al l   the  time  s l o t s ,   on  a l l  

ac t ive   s i g n a l s ,   at  the  end  of  the  p a t t e r n i n g   period  the  a c c u m u l a t o r  

con ta ins   the  sum  of  the  p a t t e r n s   of  a l l   the  s i gna l s :   at  th is   point   t h e  

accumula tor   contents   are  given  to  the  c o n v e r t e r ,   the  accumulator   i s  

reset  to  zero.  and  a new  p a t t e r n i n g   cyc le   is  s t a r t e d .  

The  s t r u c t u r e   implemented  in  the  s y n t h e s i z e r   that  c a r r i e s   out  the  o p e  

r a t i o n s   mentioned  above  shows  a  high  degree  of  f l e x i b i l i t y :   in  f a c t ,  

it  is  p o s s i b l e  t o   a s s o c i a t e   to  each  of  the  time  s lo t s   above  d e f i n e d  

s i g n a l s   c h a r a c t e r i z e d   by  each  of  the  cur ren t   t imbres  and  by  f r e q u e n c i e s  

(FF)  genera ted  by  each  of  the  present   programmable  o s c i l l a t o r s ,   t h i s  

a s s o c i a t i o n   is  ca r r ied   out  by  the  m i c r o p r o c e s s o r ,   that   is  i t   is  h a n d l e d  

by  the  s o f t w a r e .  

The  desc r ibed   time  s lot   s t r u c t u r e   allows  for  an  i n t e r p o l a t i o n   be tween  

two  wave  forms  of  a  t imbre,   p e r m i t t i n g   a  gradual   t r a n s i t i o n   from  one 

to  the  o t h e r .  

This  is  poss ib le   when  the  number  of  the  present   sounds  is  small ;  in  t h i s  

case  it  is  poss ib le   to  ass ign   more  than  one  time  slot  to  each  s i g n a l ,  

so  that   in  the  summing  phase  i t s   p a t t e r n s   are  added  up  var ious   t i m e s  

(a  convenient  scale  f ac to r   a c t i ng   on  the  f inal   signal  makes  up  for  t h i s  

fact  ). 

When  the  (CPU).  implementing  the  timbre  a lgor i thm,   has  to  carry  out  t h e  



t r a n s i t i o n   from  one  wave  form  to  ano ther ,   th i s   commutation  is  e x e c u t e d  

on  a  "copy"  of  the  s igna l   at  the  time,  that   is  on  one  s lo t   at  the  t ime 

of  the  s lo t s   ass igned   to  that   s i g n a l .  

The  r e s u l t   is  that   in  the  t r a n s i t i o n   phases  the  same  s ignal   a p p e a r s  

coming  out  with  the  p a t t e r n s   of  two  d i f f e r e n t   wave  forms,  thus  c a r r y i n g  

out  an  i n t e r p o l a t i o n   between  the  two  waves.  

The  maximum  degree  of  i n t e r p o l a t i o n   comes  up  in  the  presence  of  a  

s ingle   s i gna l ,   tha t   occupies  a l l   a v a i l a b l e   time  s lo t s :   in  th i s   c a se  

the  t r a n s i t i o n   occurs  in  (q) (time  s lo t s   number)  subsequent   s t eps ,   w i t h  

the  wave  of  the  f i n a l   wave  form  always  g r e a t e r .  

Another  p e c u l i a r   f ea tu re   of  the  s y n t h e s i z e r   is  the  way  in  which  the  wave 

form  p a t t e r n s   which  make  up  the  timbre  are  s to red   to  minimize  t h e  

r equ i red   memory  q u a n t i t y .  

It  was  mentioned  above  that   for  each  wave form  (m)  pa t t e rn s   are  s tored  ;  

the  compacting  form  of  the  adopted  memory  permits   to  reduce  t h e s e  

p a t t e r n s   to  (m/r)  and  to  c a l c u l a t e   in  rea l   time  the  (m)  global   p a t t e r n s  

through  an  i n t e r p o l a t i o n   technique  approximated  between  each  of  t h e  

(m/r)  s tored  and  the  nex t .  

The  technique  used  cons i s t s   o f :  

a)  a  set  of  (s)  values  (11,  12,  . . . ,   Is)  has  been  appointed  and,  in  c o r  

respondence  of  each  of  the  values  ( I i ) ,   (r)  va lues   (0,  I i / r ,   2  I i l r ,  

. . .   ( r -1)   I i / r )   have  been  s tored  in  a  PROM  memory. 

b)  in  the  o f f - l i n e   g e n e r a t i o n   phase  of  the  (m/r)  pa t t e rns   of  the  wave 

forms  to  be  s to red ,   for  each  of  them-the  d i f f e r e n c e   is  c a l c u l a t e d :  

Aa  =  value  of  next  p a t t e r n  -   value  of  p a t t e r n .  

c)  for  each  p a t t e r n   the  value  ( I i )   c loser   to  the  value  (Aa)  r e l a t i v e  

to  it  is  determined:   ( I i )   is  assumed  as  an  approximated  i n c r e m e n t  

between  one  p a t t e r n   and  the  n e x t ;  

d)  s t i l l   in  the  p a t t e r n   genera t ion   phase  the  index  (i)  of  the  v a l u e  

( I i )   determined  as  mentioned  in  part  c)  is  s tored  toge ther   with  t h e  



va lues   of  the  (m/r)  p a t t e r n s .  

e)  in  real   time  the  hardware  block  (HW2)  c a l c u l a t e s   the  value  of  t h e  

p a t t e r n s   of  the  var ious   s i g n a l s   in  the  f o l l owing   way: 

1)  gets  (i  =  log2  m)  address   b i t s   provided  by  the  hardware  (HW1) 

r e l a t i v e   to  the  s ignal   in  c o n s i d e r a t i o n ;   uses  (i  k)  most  s i g n i f i c a n t  

b i t s ,   where  (k  =  log2  m/r)  to  get  one  of  the  (m/r)  wave  form  p a t t e r n s  

s to red   in  the  RAMTIMBRI;  moreover  i t   gets  the  index  (i)  of  the  i n c r e m e n t  

( I i )   to  use:  th is   increment   is  expressed   in  (h  =  log2  s)  b i t s ;  

2)  uses  the  (h)  b i t s   above  def ined   and  the  r emain ing   ( j  -   k  =  log2  r-) 

b i t s   provided  by  the  hardware  (HW1)  r e s p e c t i v e l y   as  high  and  low  p a r t  

of  the  address   with  which  one  can  access  the  PROM  inc rements   memory: 

the  value  obta ined  is  added  up  to  the  one  ob ta ined   from  the  RAMTIMBRI 

thus  b u i l d i n g   the  p a t t e r n   of  the  s i g n a l .  

Another  f e a t u r e   of  the  system  is  the  f a c t - t h a t   the  commutation  be tween  

the  two  wave  forms  of  a  t imbre  always  occurrs   in  a  s i t u a t i o n   i n  w h i c h  

the  p a t t e r n s   of  the  wave  forms  are  both  (0),  avo id ing   any  d i s c o n t i n u i t y  

in  the  r e s u l t i n g   s i g n a l .  

This  f u n c t i o n   is  given  to  a  hardware  modulus  (HW4)  which  v e r i f i e s   t h e  

add re s se s   provided  by  the  (HWl)  moduli  and  s i g n a l s   to  the  m i c r o p r o c e s -  

sor  where  to  carry  out  the  commutat ion.  

We  now  continue  with  the  d e s c r i p t i o n   of  t h e  b l o c k   diagram  (f ig.   1) :  

1)  Programmable  o s c i l l a t o r s ,   programmed  by  the  p r o c e s s i n g   u n i t s   for  t h e  

g e n e r a t i o n   of  o s c i l l a t o r s   of  f requency  equal  to  (m)  (number  of  t h e  

p a t t e r n s   that   define  the  wave  forms)  times  the  fundamenta l   f r e q u e n c y  

(FF)  of  the  s ignal   to  s y n t h e s i z e .  

2)  Moduli  (HW1),  dr iven  by  the  previous ,   they  are  modulus  c o u n t e r s  

(m)  that   scan,  for  the  a s s o c i a t e d   s igna l ,   the  p a t t e r n s   of  the  wave  form 

s e l e c t e d   by  the  m i c r o p r o c e s s o r ,   gene ra t ing   some  of  the  a d d r e s s e s  

(the  r e s t   are  genera ted  by  the  m i c r o p r o c e s s o r )   which  are  s tored  in  t h e  

RAMTIMBRI  memory. 



3)  Modulo  (HW2):  i t ' s   the  block  tha t   coo rd ina t e s   the  bu i l d ing   of  t h e  

p a t t e r n s   at  the  p a t t e r n i n g   f requency  (FS)  of  the  ac t ive   s igna l s ,   t h e i r  

sum  and  t h e i r   convers ion   in  ana log ic   s i g n a l .  

4)  Modulo  (HW4)  programmed  by  the  m i c r o p r o c e s s o r ,   makes  a v a i l a b l e   f o r  

block  (HW2)  the  fo l lowing   i n f o r m a t i o n   concerning  each  time  s l o t :  

a)  which  (HW1)  is  a s s o c i a t e d   to  the  time  s l o t ;  

b)  if   there  is  an  ac t ive   s igna l   a s s o c i a t e d   to  the  time  s l o t ;  

c)  which  timbre  is  a s s o c i a t e d   to  the  time  s l o t ;  

d)  which  wave  form  of  the  timbre  is  a s s o c i a t e d   to  the  time  s l o t ;  

5)  Modulus  of  address  p a t t e r n i n g :   in  each  time  s lo t   i t   p a t t e rn s   and 

makes  a v a i l a b l e   the  e x i t s   of  block  (HW1)  a s s o c i a t e d   to  the  time  s l o t .  

6)  Modulus  (HW3),  handles  the  access  to  the  p a t t e r n s   of  the  wave  forms 

s tored  in  RAMTIMBRI,  i t   ensures   the  m i c r o p r o c e s s o r   of  the  t r a n s p a r e n t  

access  to  RAMTIMBRI  and,  dur ing  the  adding  phase,  i t   c a r r i e s   out  t h e  

co r r ec t   sequencing  of  access   to  RAMTIMBRI  and  to  PROM. 

7) RAMTIMBRI  memory:  i t   s t o r e s   in  compact  form  the  p a t t e r n s   of  t h e  

wave  forms  of  the  r imbres  immedia te ly   e x e c u t a b l e .  

I t   provides   part  of  the  address   with  which  to  access   the  PROM  i n c r e m e n t s  

memory. 

8)  PROM  increments   memory,  in  which  are  s tored  (r)  va lues   for  each  

appoin ted   increment  ( l i ) :   in  the  access ing   phases,   part   of  the  a d d r e s s  

is  obta ined  from  RAMTIMBRI,  and  another   part  is  provided  by  modulus  (5 ) .  

9)  Adder-accumula tor   block:  d r iven   by  (HW2)  i t   sums  up  the  pa t t e rn s   o f  

the  ac t ive   s igna l s   dur ing  the  p a t t e r n i n g   period  (TS),  i t   makes  a v a i l a b l e  

the  f requency  sequence  (FS)  of  the  pa t t e rns   of  the  sum  s i g n a l .  

10)  Converter   block:  i t   conver t s   the  f requency  sequence  (FS)  into  t h e  

ana log ic   sum  s ignal .   I t   moreover  provides  a  width  check  t o  a ccoun t   f o r  

the  fact   that   the  same  s i gna l   might  have  been  added  up  var ious   t i m e s  

to  allow  for  i n t e r p o l a t i o n   between  two  wave  forms  of  the  t imbres  in  t h e  

t r a n s i t i o n   between  one  and  the  o t h e r .  



11)  Block  (HW5) :  modulus  programmed  by  the  m i c r o p r o c e s s o r   wh ich  

c o n t r o l s   the  ex i t s   of  the  moduli  (HW1)  r e l a t i v e   to  the  va r ious   s i g n a l s ,  

and  i t   can  t e l l   the  c e n t r a l   u n i t ,   i f  p r o p e r l y   programmed,  t h a t  t h e  

addressed   p a t t e r n   of  a  c e r t a i n   s igna l   is  ( 0 ) .  

12)  Centra l   p r o c e s s i n g   u n i t ,   which  c o n s i s t s   of  a  m i c r o p r o c e s s i n g   s y s t e m  

tha t   manages  the  whole  sound  g e n e r a t i o n   sys tem.  



1)  Polyphonic  and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r   c h a r a c t e r i z e d   by  t h e  

d e f i n i t i o n   of  the  t imbres   of  the  sounds  to  be  syn thes ized   through  a  

f i n i t e   set  of  (n)  p e r i o d i c   wave  forms  and  an  a lgor i thm  tha t   d e f i n e s  

the  e v o l u t i o n   of  the  sound.  Each  sound  is  genera ted   a s s o c i a t i n g   i n  

real   time  the  timbre  and  the  f requency  r e l a t i v e   to  it.   The  wave  forms 

that   define  the  t imbre  are  determined  in  the  fo l lowing   way:  s t a r t i n g  

frim  the  a n a l y s i s   of  the  e v o l u t i o n   in  time  of  the  s p e c t r a l   c o m p o s i t i o n  

of  the  s ignal   to  s y n t h e s i z e ,   the  l eng th   of  the  sound  is  subdiv ided   i n  

a  number  (n)  of  i n t e r v a l s   and  in  each  of  these  such  e v o l u t i o n   is  a p -  

proximated  g iving  to  the  s igna l   a  cons t an t   s p e c t r a l   composi t ion:   t h e s e  

(n)  s p e c t r a l   composi t ions   are  memorized  by  the  system  as  (n)  p e r i o d i c a l  

wave  forms.  Of  these  the  system  memorizes  (m)  pa t t e rn s   on  a  p e r i o d  

cons idered   normal ized  to  (1).  Scanning  the  (m)  p a t t e r n s   with  s c a n n i n g  

f requency  (m  x  FF)  one  ob ta ins   s i g n a l s   with  tha t   s p e c t r a l   c o m p o s i t i o n  

and  with  fundamental   f requency   (FF).  The  a lgor i thm  of  the  e v o l u t i o n   o f  

sound  de f ines   in  a  complete  way  the  times  and  the  m o d a l i t i e s   w i t h  

which  the  (n)  wave  forms  r e l a t i v e   to  the  t imbre  c o n t r i b u t e   to  g e n e r a t e  

the  s igna l ;   i t ' s   the  p r o c e s s i n g   un i t   t h a t ,   c a r ry ing   out  the  o p e r a t i o n s  

desc r ibed   by  the  a lgor i thm,   makes  i t   p o s s i b l e   for  the  scanning  above 

mentioned  to  be  executed  on  the  d i f f e r e n t   wave  forms  of  the  t i m b r e :  

going  from  one  wave  form  to  the  o ther   a  s igna l   is  bu i l t   whose  s p e c t r a l  

composi t ion  has  the  course  of  the  approximated  s p e c t r a l   c o m p o s i t i o n  

from  which  we  had  s t a r t e d   to  determine  the  (n)  wave  forms  of  the  t i m b r e  

in  the  above  mentioned  way.  The  a lgo r i t hm  moreover  def ines   the  t i m e s  

and  v a r i a t i o n   m o d a l i t i e s   of  the  fundamenta l   f requency  (FF)  of  the  sound. 

The  a lgor i thm  of  sound  e v o l u t i o n   is  d e sc r i bed   by  means  of  a  s i m p l e  



l anguage :   for  each  t imbre  t he re   e x i s t s   in  the  EPROM  memory  a  program 

coded  in  th i s   language  t h a t   is  i n t e r p r e t e d   in  r e a l   time  by  the  p r o c e s  

s ing  u n i t .  

2)  Polyphonic   and  p o l v t i m b r i c   d i g i t a l   s y n t h e s i z e r   d i s t i n g u i s h e d   by 

the  method  by  which  i t   bu i lds   the  p a t t e r n   at  the  p a t t e r n i n g   f r e q u e n c y  

(FS)  of  the  polyphonic   s i g n a l   sum  of  the  s ing le   s i g n a l s   g e n e r a l l y  

c h a r a c t e r i z e d   b y  d i f f e r e n t   f r e q u e n c i e s   and  t imbres .   The  p r o c e s s i n g   u n i t  

loads  into  a  RAM  area ,   which we  w i l l   ca l l   RAMTIMBRI,  the  p a t t e r n s   o f  

the  wave  forms  of  the  t imbres   tha t   the  user  s e l e c t s   as  i m m e d i a t e l y  -  

e x e c u t a b l e :   the  i n f o r m a t i o n   is  ob ta ined   from  i t   to  bu i ld   the  p o l y p h o n i c  

s i g n a l ,   with  the  f o l l o w i n g   me thod :  

a)  the  p a t t e r n i n g   per iod   (TS  =  I/FS)  is  subd iv ided   in to   (q)  equal  i n t e r  

v a l s ,   which  we  wi l l   ca l l   time  s l o t s   ((q)  is  the  polyphony  degree  of  t h e  

s y n t h e s i z e r ) ,  

b)  each  time  s lo t   is  a s s i g n e d   to  a  s igna l   to  be  added  up  ( i t   might  a l s o  

not  be  a s s i g n e d ) ;  

c)  dur ing   each  time  s lo t   the  p a t t e r n   r e l a t i v e   to  the  s igna l   a s s i g n e d  

to  the  time  s lo t   is  o b t a i n e d   from  RAMTIMBRI  and  i t   i s   added-up  in  an  

a d d e r - a c c u m u l a t o r   modu lus ;  

d)  at  the  end  of  a l l   time  s l o t s   the  accumula tor   con t a in s   the  sum  of  t h e  

p a t t e r n s   of  a l l   the  s i g n a l s ;   at  th is   point   the  sum  value  is  moved  t o  

the  ana log i c   d i g i t a l   c o n v e r t e r ,   which  bui lds   the  a n a l o g i c   s igna l   to  be 

sent   to  the  a p l i f i e r ,   the  accumula tor   is  i n i t i a l i z e d   to  zero  and  a  

new  cycle  s t a r t s .   The  s t r u c t u r e   executes   what  was  above  mentioned  w i t h  

a  high  degree  of  f l e x i b i l i t y )   in  f ac t ,   i t   is  p o s s i b l e   to  a s s o c i a t e   t o  

each  time  s lot   some  s i g n a l s   d i s t i n g u i s h e d   by  each  of  the  p resen t   t i m b r e s  

and  by  each  of  the  gene ra t ed   f r e q u e n c i e s   (FF);  moreover ,   each  t i m b r e  

can  be  present   with  each  of  the  wave  forms  tha t   def ine   i t .  

3)  Polyphonic  and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r   d i s t i n g u i s h e d   by  t h e  

i n f o r m a t i o n   compacting  method  used  to  r e p r e s e n t   in  memory  the  (m)  p a t -  

t e rn s   of  the  wave  forms  ment ioned  in  point   1).  I t   al lows  the  m e m o r i z a t i o n  

of  only  (m/r)  p a t t e r n s   and  from  these  the  r e c o n s t r u c t i o n   in  real   t ime  



of  the  (m)  global   p a t t e r n s ,   us ing  a  technique  of  approximated  i n t e r -  

p o l a t i o n   between  each  of  the  (m/r)  s tored  and  the  next.  The  a d o p t e d  

technique   c o n s i s t s   o f f  

a)  a  set  of  (s)  v a l u e s  

I 1 ,  1 2 ,   . . .  ,   I s )  

has  been  appoin ted   and,  in  correspondence  of  each  of  the  values   ( I i ) ,  

(r)  values   (0,  I i / r ,   2 I i / r ,   . . . ,   ( r - l )   I i / r )   have  been  s to red   in  a  

PROM  memory, 

b)  in  the  o f f - l i n e   g e n e r a t i o n   phase  of  the  ( m / r ) p a t t e r n s   of  the  wave 

forms  to  be  s to red ,   for  each  of  them  the  d i f f e r e n c e   is  c a l c u l a t e d :  

(Aa)  =  value  of  next  p a t t e r n  -   value  of  p a t t e r n ;  

c)  for  each  p a t t e r n   the  value  ( I i )   c loser   to  the  value  (Aa)  r e l a t i v e  

to  i t   is  determined:   ( I i )   ia  assumed  as  an  approximated  i n c r e m e n t  

between  one  p a t t e r n   and  the  n e x t ;  

d)  s t i l l   in  the  p a t t e r n   g e n e r a t i o n   phase  the  index  (i)  of  the  v a l u e  

( I i )   determined  as  mentioned  in  part   c)  is  s to red   t o g e t h e r   with  t h e  

va lues   of  the  (m/r)  p a t t e r n s .  

e)  the  system  c a l c u l a t e s ,   in  rea l   time,  the  gener ic   p a t t e r n   (u)  of  t h e  

(m)  of  the  wave  forms  in  the  fo l lowing   way:  i t   adds  the  p a t t e r n   (U1) 

of  the  (m/r)  s to red ,   where  

(Ul)  = whole  p o r t i o n   of  (u / r )   0≤=U1<m/r 

with  the  v a l u e  

(U2  x  I i / r )   0≤=U2<r 

s tored   into  PROM,  where  

(U2)  =  remainder   of  ( u / r )  

(i)  =  o rde r   number  of  the  increment   s tored  with  the  p a t t e r n  

(Ul)  of  the  (m/r)  s t o r e d .  

4)  Polyphonic  and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r   d i s t i n g u i s h e d   by 

the  fac t   tha t   the  (m/r)  p a t t e r n s   ( p a t t e r n   value  and  r e l a t i v e   i n c r e m e n t  

index)  mentioned  in  part   3),  r e l a t i v e   to  the  wave  forms  of  the  immedia 

t e lv   executab le   t imbres ,   are  s tored  into  a  d o u b l e - a c c e s s   RAM  (RAMTIMBRI), 



so  t ha t   the  p r o c e s s i n g   un i t   can  change  the  t imbres   s tored   there   e v e n  

dur ing   sound  e x e c u t i o n .  

5)  Polvphonic   and  p o l y t i m b r i c   d i g i t a l   s v n t h e s i z e r   d i s t i n g u i s h e d   by 

the  fac t   tha t   the  values   of  the  inc rements   ( I i )   s tored   in  PROM, 

mentioned  in  par t   3),  are  bound  bv  the  r e l a t i o n .  

6)  Polyphonic   and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r   d i s t i n g u i s h e d   by 

the  fac t   tha t   the  timbre  movement  between  one  wave  form  to  the  o t h e r  

occurs  in  the  moment  when  both  wave  forms  have  a  nul l   va lue ,   a v o i d i n g  

d i s c o n t i n u i t y   in  the  movement.  This  o p e r a t i o n   is  ob ta ined   by  means  o f  

a  programmable  hardware  tha t   con t ro l s   the  scanning  of  the  wave  fo rms  

and  t ha t ,   i f   p rope r ly   programmed,  communicates  to  the  p r o c e s s i n g   u n i t  

the  exact   moment  to  carry  out  the  commuta t ion .  

71  Polyphonic   and  p o l y t i m b r i c   d i g i t a l   s y n t h e s i z e r   d i s t i n g u i s h e d   b y  t h e  

fac t   t ha t ,   if   few  sounds  are  p resen t ,   the.  p a t t e r n s   of  the  same  s i g n a l  

can  be  added  up  va r ious   times  in  the  d e t e r m i n a t i o n   of  the  p a t t e r n   o f  

the  po lyphonic   s ignal3  in  the  t r a n s i t i o n   from  one  wave  form  to  t h e  

o ther   (see  part   1)),  t h i s   allows  for  a  l i n e a r   i n t e r p o l a t i o n   be tween  

the  two  wave  forms  in  a  c e r t a i n   number  of  s teps .   For  th i s   purpose,   r e  

r e r r i n g   to  the  time  s lo t   s t r u c t u r e   mentioned  in  point   2),  the  same 

s igna l   is  a s s o c i a t e d   to  (q1)  time  s l o t s ,   where  (q1)  = whole  p o r t i o n  

of  (time  s lo t   n u m b e r / p r e s e n t   s igna l s   number).  If  (q l>l )   the  p a t t e r n s  

of  a  same  s i gna l   are  added  up  va r ious   t imes.  During  the  t r a n s i t i o n  

phase  between  one  wave  form  and  the  o the r ,   i t   is  p o s s i b l e   to  commute 

on  one  time  s lo t   at  the  time,  thus  c a r r y i n g   out  the  commutation  b e t w e e n  

one  wave  form  to  the  o ther   in  (ql)  s teps.   This  allows  the  a n a l o g i c  

d i g i t a l   conve r to r   to  work  with  a  high  dynamic  degree  even  though  o n l y  

one  sound  is  p resen t .   A  convenient   scale   f a c t o r   under  the  d i g i t a l  

ana log i c   conver to r   makes  up  for  the  fac t   tha t   the  same  s igna l   m i g h t  

have  been  added  va r ious   t i m e s .  
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