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©  Audio  synthesis  method  and  electronic  musical  instrument  for  its  implementation. 

©  The  invention  concerns  a  method  of  audio  syn- 
thesis  wherein  numerical  samples  memorized  in  a 
sample  memory  are  reconstructed.  The  samples  are 
memorized  in  the  sample  memory  in  the  form  of  a 
plurality  of  sample  packages,  and  each  package 
corresponds  to  a  distinct  sound  event.  The  sample 
packages  are  read  out  one  after  the  other  in  accor- 
dance  with  a  predetermined  linking  of  the  packages. 
The  selection  and  linking  of  the  sound  events  is 
determined  in  a  dependence  upon  an  audio  signal  to 
be  produced.  The  invention  is  particularly  suited  for 
high  quality  musical  instruments. 
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Audio  Synthesis  Method  and  Electronic  Musical  Instrument  for  its  Implementation 

The  present  invention  is  related  to  a  method  of 
audio  synthesis  wherein  numerical  samples  are  re- 
constructed  or  converted  into  analog  form,  said 
numerical  samples  being  combined  in  packages 
designated  "macro-samples".  The  invention  con- 
cerns  also  audio  signal  synthesizers  and,  more 
generally,  musical  instruments  implementing  the 
method  according  to  the  invention  for  the  genera- 
tion  of  musical  sounds  of  high  quality. 

Numerous  types  of  electronic  musical  instru- 
ments  utilize  memories  containing  numerical  sam- 
ples  which  represent  the  points  of  a  registered 
wave  form  of  real  or  artificial  sound  signals.  These 
memories  are  designated  sample  memories.  The 
sampling  is  the  operation  of  registration  which 
comprises  conversion  of  an  audio  signal  (for  exam- 
ple)  into  a  sequence  of  numerical  values  represent- 
ing  the  amplitude  values  of  the  signal  in  regular 
temporal  intervals.  These  samples  are  memorized 
in  the  sample  memory.  The  synthesis  includes  the 
step  to  read  out  these  memories  and  to  reproduce 
the  original  signal  by  means  of  a  numerical-to- 
analog  converter  and  filter  circuits  so  to  restitute 
the  continuous  form  of  the  signal.  A  musical  instru- 
ment  implements  this  synthesis  at  different  fre- 
quencies,  generally  under  the  control  of  a  key- 
board,  and  is  able  to  reproduce  the  initial  sound 
registered  at  various  frequencies  which  permits 
thus  to  play  the  instrument. 

Such  an  audio  synthesis  device  is  described  in 
the  French  patent  specification  published  under 
number  2  476  888. 

To  obtain  a  good  reproduction  quality  of  the 
sounds,  it  is  necessary  to  sample  the  initial  sound 
with  a  high  frequency  generally  in  the  order  of 
magnitude  of  40  KHz.  Moreover,  each  sample  must 
be  encoded  with  a  minimum  of  1  2  bits  to  obtain  an 
acceptable  sound  quality.  Because  of  this  fact  the 
necessary  capacity  of  sample  memory  becomes 
rapidly  prohibitive.  For  example,  for  the  complete 
reproduction  of  a  base  note  of  a  piano  having  a 
duration  of  about  20  seconds,  a  sample  memory  of 
20x40x12  =9600  kilobits  is  necessary  which  cor- 
responds  to  1,2  megaoctets.  Moreover,  the  reg- 
istration  of  one  single  note  is  insufficient  because 
the  sound  color  varies  naturally  over  the  extent  of 
the  keyboard  and  in  dependence  upon  the  force 
and  speed  of  the  player's  key  depressions.  The 
problem  becomes  even  more  complex  when  the 
musical  instrument  is  expected  to  reproduce  the 
sounds  of  various  instruments.  There  are  thou- 
sands  of  memories  of  this  size  which  would  be 
necessary  for  this  purpose. 

For  all  these  reasons  only  instruments  have 
been  marketed  which  are  able  to  produce  an  only 

small  number  of  sounds  for  nevertheless  a  very 
high  price  in  case  there  is  a  complete  sampling,  or 
instruments  having  many  more  sound  possibilities 
but  which  do  not  permit  to  produce  sounds  of  high 

5  quality  because  of  an  extended  simplification  of  the 
utilized  sample  memories. 

EP-A-169  659  discloses  an  electronic  musical 
instrument  including  a  sample  memory  from  which 
samples  are  selected  in  accordance  with  a  bit 

w  combination  supplied  by  the  keyboard  and  a  coun- 
ter  started  by  the  player  upon  depression  of  a  key. 
Only  one  type  of  sound  may  be  produced  because 
the  addressing  of  the  sample  memory  is  hard- 
wired  and  thus  not  programmable. 

;5  GB-A-2,  137,399  discloses  a  similar  system.  A 
sample  memory  is  divided  into  blocks  correspond- 
ing  to  three  consecutive  notes.  Each  block  contains 
a  first  portion  "attack",  which  is  read  only  once,  a 
second  portion  "sustain"  which  may  be  read  out 

20  several  times,  and  a  third  portion  "decay"  which  is 
repeatedly  read  out  until  total  extinction  of  the 
sound.  The  addresses  for  extraction  of  the  samples 
are  generated  in  response  to  key  depression,  and 
the  respective  logic  unit  is  hard-wired  so  that  the 

25  sample  blocks  can  be  combined  only  in  one  and 
the  same  manner.  The  ROM  representing  the  hard- 
wiring  delivers  a  start  address  which  points  to  the 
first  sample  of  a  block.  The  address  is  then  incre- 
mented  by  a  counter.  The  linking  cannot  be  modi- 

30  fied  nor  programmed  by  a  control  unit. 
WO-A-8  103  236  discloses  a  yet  similar  sys- 

tem  where  the  sample  memory  is  divided  into  an 
"attack  portion",  a  "sustain  portion"  and  a  "decay 
portion".  The  retrieval  of  the  samples  can  be  im- 

35  plemented  in  a  "pseudo-random"  fashion  in  that 
sound  portions  to  be  repeated  are  read  out  either 
by  incrementing  or  by  decrementing  an  address 
counter,  the  address  of  inversion  being  shifted. 

It  is  an  object  of  the  present  invention  to  pro- 
40  duce  sounds  by  means  of  synthesis  using  sample 

memories  of  reasonable  size  without  interfering 
with  the  quality  of  the  reproduced  sounds. 

It  is  another  object  of  the  present  invention  to 
implement  the  memorizing  of  audio  signal  samples 

45  utilizing  a  novel  method  of  information  compres- 
sion. 

A  further  object  of  the  present  invention  is  the 
definition  and  exploitation  of  an  internal  organiza- 
tion  of  the  sample  memory  corresponding  to  a 

so  physical  reality  in  the  domain  of  musical  sounds. 
According  to  a  characteristic  feature  of  the 

invention  the  samples  are  organized  in  blocks  or 
packages  in  the  sample  memory,  and  each  pack- 
age  corresponds  to  an  element  or  distinct  elemen- 
tary  audio  or  sound  event  (that  is  a  portion  of  a 
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sound  over  the  time  or  a  period  this  being  however 
not  obligatory).  In  each  sample  package  the  sam- 
ples  are  read  out  sequentially  during  the  recon- 
struction  of  the  audio  or  sound  event  and  the 
ultimate  sound  to  be  produced  is  obtained  by  a 
linkage  of  the  reconstructions  of  a  plurality  of 
sound  events  of  which  some  may  be  repeated.  The 
choice  and  linking  of  the  audio  events  thus  is 
determined  in  dependence  upon  the  signal  to  be 
reproduced  (real  or  synthetic  instrument,  attack, 
dynamics,  effect,  duration,  etc.). 

For  a  piano,  for  example,  the  ultimate  sound 
signal  for  a  played  note  will  thus  be  constituted  by 
the  temporal  juxtaposition  of  a  plurality  of  sound 
portions  (audio  or  sound  events):  A  portion  cor- 
responds  to  the  attack  (depression  of  the  key) 
during  which  the  spectral  richness  is  extremely 
great  and  which  has  a  duration  of  a  fraction  of  a 
second.  Thereafter  follows  a  series  of  portions  cor- 
responding  to  the  rapid  decreasing  of  the  sound 
during  which  the  color  develops  even  more  rapidly. 
Thereafter  follows  a  long  series  of  portions  cor- 
responding  to  the  end  or  extinction  of  the  sound 
during  which  the  sound  color  shows  little  develop- 
ment.  Such  a  sound  may  be  generated  with  only 
some  tenths  of  sound  events:  one  sound  event 
corresponding  to  the  attack,  a  series  of  sound 
events  covers  the  rapid  decrease  of  the  sound  with 
repetitions  of  the  events  near  the  termination  of  this 
portion  and  then  a  small  number  of  sound  events 
which  are  numerous  times  repeated  so  to  repro- 
duce  the  last  portion  of  the  sound  (extinction).  Of 
course,  different  sound  events  are  allocated  to  dif- 
ferent  notes  and  octaves  but  under  all  of  them  a 
great  number  of  them  may  be  common  to  a  plural- 
ity  of  sounds. 

Accordingly  the  invention  permits  to  obtain  si- 
multaneously  a  high  audio  reproduction  quality  be- 
cause  of  a  very  great  number  of  samples  read  out 
during  the  restitution  and  an  important  economy  of 
the  memory  for  stocking  the  samples  in  that  the 
latter  are  organized  in  packages  which  are  read 
out,  as  the  case  may  be,  a  plurality  of  times  in 
accordance  with  a  predetermined  linking.  More- 
over,  one  obtains  thanks  to  this  method  a  great 
reality  of  reproduced  sounds  because  of  the  real 
transition  effects  procured  by  the  linking  between 
sound  or  audio  events. 

According  to  another  feature  of  the  invention  a 
musical  instrument  implementing  the  audio  synthe- 
sis  process  described  above,  comprises 

-a  numerical  sample  memory  which  is  divided  in 
memory  blocks  each  containing  at  least  one  sam- 
ple  package  corresponding  to  a  sound  event  (a 
plurality  of  packages  in  one  and  the  same  block 
belong  to  the  same  event  but  define  subevents  for 
example  the  different/octaves  of  the  event); 

-addressing  means  for  the  sample  memory,  said 

means  comprising  a  phase  counter  for  addressing 
the  successive  samples  of  one  and  the  same  sam- 
ple  package,  a  linking  memory  for  the  addressing 
of  the  sample  packages  and  synchronizing  means 

s  for  commanding  the  linking  to  another  memory 
block  upon  termination  of  the  read  out  of  the  last 
sample  in  each  package; 

-and  a  central  control  unit  for  piloting  the 
entirety  of  the  musical  instrument  and  in  particular 

w  for  writing  into  the  linking  memory  at  least  one  list 
of  sample  packages  corresponding  to  the  audio 
restitution  of  a  predetermined  audio  signal. 

Further  features  and  advantages  of  the  inven- 
tion  will  become  apparent  from  the  following  de- 

15  scription  of  preferred  embodiments,  reference  be- 
ing  made  to  the  attached  drawings: 

Fig.  1  shows  three  different  types  of  audio 
events  and  their  combination  in  accordance  with  a 
predetermined  enchainment; 

20  Fig.  2  shows  an  enchainment  of  audio 
events  forming  a  complete  sound; 

Fig.  3  shows  a  block  of  samples  with  its 
audio  subevents; 

Fig.  4  shows  a  principle  scheme  of  a  musi- 
25  cal  synthesizer  according  to  the  invention; 

Fig.  5  shows  an  embodiment  of  a  mon- 
ophone  synthesizer; 

Fig.  6  shows  an  example  of  the  organization 
of  given  data  in  a  linking  means; 

30  Fig.  7  shows  another  example  of  an  address- 
ing  apparatus  and  synchronization  of  sample  pack- 
ages  and 

Fig.  8  shows  an  example  for  the  implemen- 
tation  of  a  polyphonic  musical  instrument. 

35  For  a  better  comprehension  of  the  description 
the  following  de  finitions  will  apply  throughout  the 
entire  specification: 

An  "audio  event"  is  a  portion  of  a  sound  over 
the  time  represented  in  the  sample  memory  by  a 

40  collection  of  successive  samples.  This  collection  is 
designated  "sample  package".  An  audio  event,  ma- 
terialized  by  a  sample  package  is  treated  as  an 
entity.  For  a  periodic  sound  it  is  practical  to  define 
an  audio  event  coincident  with  a  period  of  the 

45  sound  but  this  is  not  obligatory.  The  size  of  a 
sample  package  can  be  fixed  for  a  given  sound  (for 
example  128  octects),  but  it  may  change  from  one 
sound  to  another.  One  may  define  also  sample 
packages  of  variable  size  under  the  condition  that 

so  to  each  package  is  associated  its  information  of 
size  or  an  indication  of  the  termination  of  the  pack- 
age.  One  may  associate  to  a  given  audio  or  sound 
event  a  plurality  of  sample  packages  as  for  exam- 
ple  the  different  octaves  of  one  and  the  same 

55  sound.  In  this  case  it  may  be  said  that  the  sound 
event  is  decomposed  into  "subevents".  From  a 
practical  standpoint,  the  sample  packages  of  one  of 
the  same  family  of  subevents  are  regrouped  in  one 
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as  the  piano,  the  "attack",  i.e.  the  start  of  the 
sound  is  frequently  very  rich  in  harmonics  and  has 
a  spectral  composition  which  varies  very  rapidly. 
This  portion  of  the  sound  which  has  a  duration  of 

5  only  a  fraction  of  a  second  may  be  completely 
memorized  in  the  form  of  a  unique  sample,  pack- 
age  representing  an  individual  sound  event.  Just 
after  the  attack  the  natural  variations  of  the  sound 
color  become  more  and  more  slow  which  permits 

w  to  cut  this  portion  to  produce  a  plurality  of  events 
which  are  then  repeated,  at  first  only  a  few  times 
and  thereafter  more  and  more  frequently  in  depen- 
dence  upon  the  time.  The  sustaining  and  the  ter- 
mination  of  the  sound  are  generally  characterized 

?5  by  a  sound  color  which  is  more  stable  and  permits 
reproduction  based  on  a  small  number  of  sound 
events  repeated  a  great  number  of  times. 

The  invention  permits  all  the  intermediates  be- 
tween  the  sound  synthesis  methods  which  are 

20  known  up  today:  The  synthesis  of  the  wave  form 
by  calculation  and  the  restitution  of  a  sound  com- 
pletely  memorized.  For  the  loopings  of  the  events 
and  the  sequence  of  events  looped  themselves  the 
invention  permits  a  considerable  reduction  of  the 

25  memory  size  necessary  for  memorizing  the  sam- 
ples. 

Numerous  amendments  of  this  method  permit 
its  application  to  different  types  of  synthesis. 

Generally  the  loopings  are  realized  in  a  dy- 
30  namic  manner  in  dependence  upon  the  characteris- 

tics  of  the  sound:  the  portions  of  the  sound  having 
a  rapid  color  variation  are  treated  without  looping 
(pure  sampling)  and  with  the  evolution  of  the  color 
becoming  more  slow  the  loopings  may  become 

35  longer  and  longer. 
The  generation  of  aperiodic  sounds  is  pro- 

duced  accordingly  without  looping  with  the  excep- 
tion  of  the  termination  of  the  sound(for  example 
cymbal),  but  fortunately  these  are  sounds  of  short 

40  duration.  In  the  case  of  aperiodic  sounds  which 
nevertheless  are  cyclic  (roll  of  drums),  a  global 
looping  over  a  great  portion  of  the  sound  repro- 
duces  the  rolling. 

The  invention  permits  also  to  take  care  of  the 
45  sound  color  variations  in  dependence  upon  the 

dynamics  for  one  and  the  same  sound  (the  force 
with  which  a  key  is  depressed  or  the  force  of 
blowing  into  a  wind-instrument,  for  example).  Ac- 
cordingly  it  is  sufficient  to  provide  linkages  of  dif- 

50  ferent  sound  events  in  dependence  of  the  dy- 
namics  wherein  a  sound  of  great  dynamics  gen- 
erally  has  an  evolution  of  the  spectrum  which  is 
more  rapid  than  the  same  sound  with  a  more 
feeble  dynamics. 

55  In  figure  2  for  example  an  attack  of  powerful 
dynamic  is  reproduced  by  starting  the  linking  at  A1 
with  the  start  of  the  event  e1  .  In  the  contrary  for  a 
more  feeble  dynamics  the  sound  starts  only  at  A2 

and  the  same  "memory  block".  To  simplify  the 
description,  the  term  "audio  event"  or  "sound 
event"  may  designate  either  a  sample  package  or 
a  sample  block  or  the  abstract  notion  of  the  portion 
of  sound  as  defined  above. 

In  Fig.  1  there  are  illustrated  three  sound 
events  el.  e2  and  e3  and  their  combination  E 
which  is  the  sound  product  (in  an  time  interval 
limited  for  the  comprehension  of  the  figure). 

Each  sound  event  is  memorized  in  a  sample 
memory  in  the  form  of  numerical  successive  sam- 
ple  packages  which  are  read  out  with  a  fixed  fre- 
quency  or  a  variable  frequency,  thereafter  trans- 
mited  to  digital-to-analog  conversion  circuits,  there- 
after  to  amplifiers  and  filter  circuits  and  thereafter 
distributed  by  a  loudspeaker. 

According  to  the  invention  the  final  sound  re- 
sults  from  a  small  quantity  of  informations,  memo- 
rized  in  the  sample  memory.  The  three  sample 
packages  e1,  e2  and  e3  are  sufficient  to  product 
the  sound  E  which  is  comprised  of  e1  ,  three  times 
read  out,  thereafter  e2,  also  read  out  three  times, 
and  e3  read  out  three  times. 

The  notion  of  the  amplitude  of  the  sound  signal 
is  here  not  discussed  because  it  is  treated  by 
separate  means  and  the  sound  signal  generated  in 
accordance  with  the  invention  is  of  course  modu- 
lated  by  an  "envelope"  but  this  is  not  described 
either  because  it  is  of  no  importance  for  the 
present  invention. 

Figure  2  represents  an  example  of  a  complete 
sound  obtained  by  the  association  of  n  sound 
events  each  repeated  several  times  and  enchained 
with  one  another.  To  fix  the  ideas  the  sound  portion 
represented  in  figure  1  is  taken  again  in  its  entirety 
in  a  schematic  format  which  clearly  makes  appar- 
ent  the  loopings  of  the  sound  events.  The  sound  is 
formed  of  sound  event  e1  which  is  three  times 
repeated,  thereafter  by  e2,  three  times  repeated, 
thereafter  by  e3,  repeated  three  times,  etc.  then  by 
events  en.2,  en.i,  en  each  thereof  being  several 
times  repeated.  Moreover,  there  is  a  looping  back 
of  the  termination  of  event  en  to  the  start  of  event 
en.2  and  so  on  just  to  the  disappearance  of  the 
sound,  determined  otherwise  in  the  complete  pro- 
cess  of  sound  synthesis.  It  will  be  understood  that 
the  linkages  of  the  sound  event  may  consist  of 
passages  of  one  event  to  another,  in  loopings  of 
the  events  with  themselves  and/or  loopings  of  one 
or  several  groups  of  events,  all  these  combinations 
being  possible,  and  the  loopings  may  be  overlap- 
ping. 

In  this  manner  a  very  important  reduction  of 
the  sample  quantity  to  be  memorized  in  a  memory 
is  obtained  while  ensuring  a  very  great  quality  of 
reproduction  by  properly  choosing  the  sound 
events  which  must  make  up  the  ultimate  sound. 
For  example  for  most  of  the  traditional  instruments 
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at  the  start  of  event  e4.  Of  course,  all  intermediate 
possibilities  are  given  under  the  condition  that  the 
necessary  linkings  are  provided. 

Figure  3  shows  an  example  of  a  sound  event  in 
correspondence  with  e2  of  figure  1  .  Its  representa- 
tion  in  the  form  of  the  plot  amplitude  over  time  is 
more  convenient  for  the  explications.  In  the  sample 
memory,  the  function  is  represented  in  the  form  of 
a  sequence  of  binary  encoded  numbers,  each 
number  corresponding  to  a  point  of  the  curve, 
either  by  its  direct  value  ("absolute"  coding)  or  by 
the  amplitude  difference  relative  to  the  preceding 
point  ("delta"  coding  or  relative  coding). 

The  illustrated  sound  event  is  composed  of  five 
subevents  which  correspond  to  a  period  of  the 
same  sound  at  five  different  octaves.  The  octave 
o1  occupies  one  half  of  the  memory  block  utilized 
for  the  memorizing  the  complete  sound  event.  The 
octave  o2  occupies  a  quarter  of  the  block,  the 
octave  o3  one  eighth,  the  octave  o4  one  sixteenth, 
the  octave  o5  a  thirty-secondth,  etc. 

The  octave  o2  represente  the  same  wave  form 
as  01,  but  comprises  two  times  less  samples  etc. 
for  03,  04  and  05.  The  disposition  of  the  sample 
packages  corresponding  to  subevents  is  such  that 
it  permits  the  addressing  of  the  latter  in  simple 
manner  in  the  interior  of  the  memory  block  by 
utilizing  the  bits  representing  the  number  of  the 
octave  in  the  address  of  the  sample  (equivalent 
dispositions  are  possible). 

Figure  4  represents  a  simplified  embodiment  of 
a  sound  synthesizer  implementing  the  method  of 
the  invention. 

The  numerical  samples  of  the  sounds  to  be 
produced  are  memorized  in  a  sound  event  memory 
2.  These  samples  are  regrouped  in  blocks  cor- 
responding  to  events  as  indicated  above,  each 
block  being  able  to  hold,  as  the  case  may  be,  a 
plurality  of  sample  packages  corresponding  to  sub- 
events  or  one  single  package.  The  constitution  of 
this  sample  memory  is  implemented  on  the  basis 
of  records  of  sounds,  digitized  and  analyzed  there- 
after  by  an  apparatus  which  is  external  with  respect 
to  the  synthesizer  which  in  dependence  upon  pre- 
determined  criteria,  has  extracted  portions  of  the 
digitized  signal  and  formed  libraries  of  sound 
events  which  are  then  transferred  into  memory  2. 
The  latter  may  be  a  programmed  read  only  mem- 
ory  or  a  random  access  memory,  the  contents 
thereof  being  charged  prior  by  a  central  control  unit 
5  prior  to  the  generation  of  sounds,  or  a  combina- 
tion  of  the  two  types  which  permits  to  have  a 
library  of  reprogrammed  sounds  (frequently  used 
sounds)  and  a  series  of  sounds  to  be  charged  upon 
request  from  an  external  mass  memory  (not  illus- 
trated). 

The  addressing  of  memory  2  is  implemented 
by  two  devices:  A  phase  counter  and  comparator  3 

which  permits  the  extraction  of  samples  in  one  and 
the  same  memory  block,  and  a  linking  device  1 
which  ensures  the  linking  of  the  blocks  and  their 
repetition,  as  the  case  may  be,  upon  the  reading  of 

5  the  last  sample  of  each  block,  the  address  to  be 
applied  to  memory  2  is  thus  a  composite  address 
having  as  more  significant  weight  the  number  of 
the  block  p1  and  for  the  less  significant  weight  the 
value  of  the  phase  counter  p2. 

w  The  assembly  counter  and  comparator  3  com- 
prises  a  counter  which  is  automatically  increment- 
ed  by  clock  signals  produced  by  a  clock  device  of 
the  central  control  unit  5.  An  internal  comparator 
detects  the  termination  of  the  reading  of  a  block 

75  either  by  overflow  of  the  counter  (for  blocks  having 
all  the  same  size)  or  by  comparison  of  the  contents 
of  the  counter  with  a  maximum  value  which  may  be 
constant  or  variable  (the  value  is  for  example  read 
in  the  sample  memory  at  a  place  reserved  for  the 

20  size  of  the  respective  block).  The  comparator  is  not 
necessary  if  the  indication  of  the  block  end  is 
furnished  by  the  sample  memory.  In  all  cases  a 
block  termination  signal  is  accordingly  emitted  to 
the  linking  device  1  which  searches  for  the  follow- 

25  ing  block  (or  the  same  in  the  case  of  a  looping), 
and  the  phase  counter  is  reset  to  zero. 

The  linking  device  1  comprises  essentially  a 
linking  memory,  charged  by  the  central  control  unit 
in  dependence  upon  the  sounds  to  be  produced 

30  with  lists  of  sound  events  (and  their  addresses)  and 
their  linking  (number  of  repetitions,  number  of  fol- 
lowing  event  after  last  repetition).  An  example  for 
the  organization  of  data  in  the  linking  device  is 
described  later  (figure  6). 

35  The  samples  extracted  from  the  sound  event 
memory  2  are  applied  to  an  assembly  4  compris- 
ing  a  digital-to-analog  converter,  filters  and  amplifi- 
ers  and  receiving  also  control  signals  for  the  con- 
version  from  the  counter  3  (for  the  synchronization 

40  of  the  synthesizer)  and  amplitude  commands  from 
the  central  control  unit  5  so  to  produce  the  com- 
bination  of  variations  of  color  and  amplitude  as 
necessary. 

The  central  control  unit  5  comprises  for  exam- 
45  pie  a  microprocessor  which  pilots  the  entirety  of 

the  instrument  under  control  of  a  programme  in 
dependence  upon  the  actions  on  the  keyboard(s), 
buttons  and  drawers  for  the  control  of  the  instru- 
ment  whereby  also  all  the  auxiliary  means  of  the 

so  instrument  are  affected.  The  details  of  the  central 
control  unit  and  these  auxiliary  means  are  not 
represented  and  not  described  either  because  they 
do  not  form  a  portion  of  the  invention  and  are  not 
necessary  for  its  comprehension. 

55  Figure  5  illustrates  an  example  of  the  imple- 
mentation  of  a  monophone  synthesizer  according 
to  the  invention. 

The  linking  device  (1  in  figure  4)  is  composed 
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to  the  sound  event  "e1  ". 
The  phase  counter  is  initiated  and  the  samples 

of  the  audio  event  "e1"  commence  to  be  pro- 
duced. 

5  Upon  termination  of  the  audio  event  the  com- 
parator  33  emits  a  command  of  reinitiation  to  coun- 
ter  32  and  a  command  of  linking  to  the  pointer 
register  11.  The  linking  "2"  of  memory  12  is  ac- 
cordingly  recopied  in  the  register  11  (second  line 

10  of  the  table).  It  points  accordingly  to  linking  "3" 
which  points  to  event  "e1".  Event  e1  thus  is  played 
a  second  time. 

The  sequence  of  the  table  shows  what  hap- 
pens  after  each  termination  of  a  sound  event.  The 

15  linkings  "2",  "3"  and  "4"  repeat  the  sound  or  audio 
event  "e1  ".  The  linking  "5",  "6"  and  "7"  repeat  the 
sound  event  "e2".  The  linking  "8"  points  to  the 
sound  event  "e3".  But  as  the  linking  "8"  is  re- 
copied  in  register  11,  the  latter  points  again  to 

20  linking  "8"  and  there  is  a  permanent  repetition  of 
event  "e3"  up  to  the  instant  when  the  central 
control  unit  terminates  this  process. 

The  linking  memory  may  hold  preprogrammed 
linkings  which  corresponds  to  a  library  of  preexist- 

25  ing  sound  signals.  It  may  also  hold  a  variable 
portion  produced  by  the  central  control  unit  for 
generation  of  special  sounds  not  contained  in  the 
library. 

A  variation  of  the  device  phase  counter  plus 
30  comparator  is  represented  in  figure  7  for  the  sound 

synthesis  with  fixed  frequency.  In  this  case  the 
phase  is  not  incremented  at  each  clock  signal  but  it 
is  augmented  by  a  value  A*. 

Clock  31  is  commanded  via  input  31  1  ,  by  the 
35  central  control  unit  5  and  delivers  reading  pulses  to 

phase  register  32.  The  running  phase  <j>  contained 
in  the  phase  register  32  before  the  pulse  and  a 
constant  value  A*  are  applied  to  an  adding  device 
34.  The  running  phase  is  furnished  via  the  connec- 

40  tion  342  from  register  32  and  value  A<j>  is  furnished 
via  connection  341  by  the  central  control  unit  5. 
The  result  of  the  addition  is  returned  to  register  32 
via  connection  343. 

The  phase  comparator  33  compares  the  cur- 
45  rent  phase  value  *  with  a  value  *  max.  Upon  this 

value  being  achieved  or  passed,  the  comparator 
emits  a  linking  command  to  the  linking  circuits  1 
(fig.  4)  or  1  1  (fig.  5)  and  the  contents  of  the  phase 
register  32  is  reinitiated  to  value  tf>-<f>max.  (circuits 

so  and  connections  of  the  reinitiation  are  not  illustrated 
in  an  attempt  to  amintain  clarity). 

Figure  8  represents  an  example  of  implementa- 
tion  of  a  polyphonic  synthesizer  wherein  use  is 
made  of  the  method  according  to  the  invention. 

55  It  comprises  a  memory  designated  "virtual  key- 
board"  which  contains  all  the  information  necessary 
to  generate  all  the  audio  signals  at  each  instant. 
This  technique  is  described  in  detail  in  the  French 

of  a  pointer  register  of  the  linking  memory  11,  a 
linking  memory  12  and  an  address  selection  table 
13. 

The  phase  counter  and  comparator  device  (3  in 
figure  4)  is  comprised  of  a  programmable  clock  31, 
a  phase  counter  32  and  a  comparator  33  for  the 
audio  synthesis  at  variable  frequency.  The  frequen- 
cy  is  commanded  (signal  fv)  by  the  central  control 
unit  5  which  also  furnishes  the  list  (signal  pi)  of  the 
linking  pointers  to  memory  1  1  . 

The  composite  address  pi-p2  furnished  re- 
spectively  by  the  address  selection  table  13  and 
the  phase  counter  32  is  applied  to  the  sound  event 
memory  2  which  delivers  its  numerical  samples  to 
the  digital-to-analog  converter  41.  The  reconstruc- 
tion  of  the  audio  signals  is  then  continued  by  the 
assembly  filter  and  amplifier  42. 

Upon  the  start  of  the  synthesizing  process  the 
phase  counter  32  is  initiated  at  a  value  «0  (equal  to 
zero  or  a  value  non  zero  which  permits  the  access 
to  subevents  for  example)  and  an  initial  pointer  pi 
is  furnished  to  register  11  by  the  central  control 
unit  5.  The  phase  counter  32  furnishes  now  an 
initial  address  p2  (less  significant)  to  the  sample 
memory  2.  The  initial  pointer  pi  points  in  the  linking 
memory  12  to  a  pointer  pi  +  1  which  points  in  turn 
in  the  address  selection  table  13  to  the  address 
(more  significant  p1)  of  a  block  of  the  sample 
memory  allocated  to  the  first  sound  event  to  be 
generated. 

The  clock  signals  increment  the  counter  32  and 
the  sample  memory  delivers  successively  the  sam- 
ples  of  the  first  sound  event.  Upon  the  comparator 
33  having  detected  the  phase  <f>max.  it  transmits  a 
command  of  reinitiation  to  counter  32  which 
reinitiates  itself  to  the  value  «0,  and  a  linking 
command  to  pointer  register  1  1  .  The  latter  replaces 
accordingly  the  pointer  which  it  holds  by  the 
poniter  pi  +  1  which  prior  thereto  has  been  read  in 
the  linking  memory.  This  new  pointer  addresses  a 
new  pointer  pi  +  2  in  the  linking  memory  and  the 
latter  is  associated  in  the  address  selection  table 
with  a  sound  event  which  may  be  either  the  same 
as  the  preceding  one  or  a  new  sound  event. 

Figure  6  permits  the  comprehension  of  the 
sequence  of  linkings  which  are  produced  at  each 
detection  of  the  termination  of  an  event  by  the 
comparator  33. 

The  left  column  represents  the  contents  of 
pointer  register  1  1  (in  the  example  of  figure  5  this 
register  holds  only  one  single  value  at  a  time)  the 
central  column  represents  the  contents  of  the  link- 
ing  memory  12  (this  time  it  is  a  list);  the  right 
column  represents  the  contents  of  the  address 
selection  table  1  3  (also  a  list).  The  different  lines  of 
the  table  represent  the  evolution  of  the  linking. 

Upon  start  (first  line)  the  linking  pointer  has  the 
value  "1";  it  points  to  the  linking  "2"  which  points 
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patent  published  under  registration  no.  2  476  888. 
The  virtual  keyboard  is  composed  of  6  memory 
blocks  for  each  signal  to  be  generated,  each  mem- 
ory  being  able  to  be  accessible  by  the  central 
control  unit  50  which  comprises  one  or  a  plurality 
of  microprocessors,  as  indicated  above.  These 
memory  blocks  are: 

-A  following  block  register  53  which  contains  the 
linking  to  another  block  with  respect  to  another 
signal  to  be  generated.  As  soon  as  there  is  no 
sample  anymore  to  be  generated  for  the  signal 
associated  to  the  running  block,  this  memory  per- 
mits  addressing  of  the  registers  associated  to  other 
signals  and  thus  to  treat  only  the  signals  for  which 
a  treatment  is  to  be  made  (no  "idling"  treatment).  A 
circular  linking  is  implemented  with  a  current  block 
register  54  under  control  of  a  clock  52. 

-A  time-of-happening  register  56  which  contains 
the  instant  te  from  which  on  a  new  sample  must  be 
generated.  A  time  counter  55  is  periodically  incre- 
mented  by  clock  52.  The  time  represented  by  this 
counter  may  be  designated  t.  A  comparator  57 
compares  the  contents  t  of  time  counter  55  with 
that.te,  of  register  56.  As  long  as  t  is  smaller  than 
te,  there  is  nothing  to  be  done  and  the  following 
block  register  53  indicates  the  linking  to  another 
sound  signal. 

-A  sampling  period  register  59  which  contains 
the  period  T  of  the  generation  of  signal  samples. 
As  long  as  the  comparator  57  detects  t  greater  or 
equal  to  te,  this  means  that  there  is  time  to  pro- 
duce  a  new  sample.  This  happening  represented 
by  reference  88,  is  distributed  in  the  entirety  of  the 
synthesizer.  The  time-of-happening  register  56  is 
accordingly  activated  thanks  to  a  summing  circuit 
58  which  receives  T  and  te  and  which  permits  to 
replace  te  by  te  +  T. 

-A  phase  register  32  contains  the  phase  <t>  which 
serves  to  select  a  sample  in  the  interior  of  a 
package  in  the  sound  event  memory  2.  Each  hap- 
pening  88  increments  the  phase  <f>  of  the  cor- 
responding  signal  by  means  of  an  adder  34.  A 
comparator  33  indicates  whether  the  phase  has 
reached  its  maximum  value,  and  initiates  thus  the 
addressing  of  a  new  sound  event. 

-A  linking  pointer  register  11  contains  the 
current  pointer  to  a  linking  memory  12  which  con- 
tains  a  pointer  to  an  address  selection  table  for 
sound  events  13  (as  described  in  the  preceding 
example).  This  table  furnishes  the  complement  of 
the  address  to  the  sound  event,  memory  2  for 
access  by  phase  <*>  to  a  sample  of  the  selected 
event. 

-A  current  amplitude  register  60  of  the  con- 
cerned  signal.  This  amplitude  serves  to  modulate 
the  obtained  signal  to  obtain  slow  effects  like  sus- 
tain,  tremolo,  extinction,  etc. 

A  digital-to-analog  converter  411  reconstitutes 

in  analog  form  the  samples  read  in  memory  2.  A 
second  converter  412  used  as  a  multiplier  modu- 
lates  the  amplitude  of  the  analog  sample  by  the 
value  contained  in  the  register  60.  The  resulting 

5  signal  is  thereafter  formed  and  amplified  by  a  filter 
and  amplifier  circuit  42  and  then  reproduced  by  a 
loudspeaker  43. 

The  operation  of  the  device  is  the  following: 
Clock  52  increments,  normally  at  a  constant 

w  frequency  (in  the  order  of  magnitude  of  8  MHz)  the 
time  counter  55  (time  t)  and  selects  a  new  block  in 
the  virtual  keyboard  (register  53)  at  each  pulse. 
The  treatment  concerning  a  sample  and  its  digital- 
to-analog  conversion  occur  in  one  period  of  the 

75  clock. 
The  time  t  is  compared  with  te  (register  56).  If  t 

is  smaller  than  te,  one  goes  directly  to  the  following 
generator  (following  block  53).  If  t  is  greater  or 
equal  te,  a  new  value  of  te  is  calculated  and 

20  memorized  in  register  56  (te  =  te  +  T).  The  phase  is 
incremented  (<*>  =  <*>  +  1)  in  phase  register  32.  The 
sample  selected  by  <t>  and  the  contents  of  the 
selection  table  13  is  transmitted  to  converter  411. 
The  amplitude  read  in  register  60  is  transmitted  to 

25  converter  412  which  multiplies  the  amplitude  of  the 
output  signal  of  converter  41  1  with  this  value.  The 
result  is  filtered,  amplified  and  reproduced  by  the 
loudspeaker  43. 

If  the  phase  *  has  reached  its  value  <t>  max.,  a 
30  new  pointer  is  extracted  from  the  linking  memory 

12  which  permits  access  to  the  first  sample  of  a 
new  sound  event. 

The  polyphonic  operation  is  obtained  by  the 
linking  of  blocks  in  register  53,  samples  of  different 

35  signals  to  be  produced  being  multiplexed  at  the 
input  of  converter  41  1  . 

Numerous  variations  of  implementation  are 
possible. 

For  example  the  linking  memory  12  may  con- 
40  tain  the  number  of  executions  of  a  sound  event 

instead  of  a  list  comprising  several  times  the  same 
events.  Some  supplementary  bits  in  each  informa- 
tion  of  the  pointer  may  permit  this  implementation. 

It  is  also  possible  to  combine  the  linking  point- 
45  er  11  and  the  linking  memory  12  by  reserving  a 

small  portion  of  the  memory  12  for  containing  the 
pointer  11.  This  possibility  permits  to  economize 
on  memory  circuits  in  particular  in  a  polyphonic 
instrument. 

so  The  invention  is  applicable  in  electronic  musi- 
cal  instruments  of  the  organ  type  or  research  syn- 
thesizer  or  stage  synthesizer.  Each  instrument  may 
comprise  one  or  several  of  such  synthesizers  and 
powerful  commanding  means  as  one  or  several 

55  microprocessors  allocated  to  certain  objects  of  the 
instrument  as  for  example  the  scrutinizing  of  keys, 
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keyboard,  buttons  as  well  as  the  reading  of  synthe- 
sis  data  of  sounds  in  the  virtual  keyboard  in  depen- 
dence  upon  a  predetermined  programme. 

address  portion  delivered  by  said  address  selection 
table  being  combined  with  the  count  of  said  phase 
counter  for  addressing  each  sample. 

5.  The  instrument  of  claim  4  comprising  further 
a  linking  pointer  register  connected  to  said  linking 
memory  for  obtaining  repeated  readings  of  sample 
blocks  or  of  sample  block  groups  in  response  to 
said  linking  list  contained  in  said  linking  memory. 

6.  The  instrument  of  claim  5  for  generation  of 
polyphonic  sounds  wherein  said  phase  counter 
comprises  a  phase  register  and  an  adding  circuit, 
and  wherein  the  instrument  comprises  an  assembly 
of  memory  blocks  for  each  signal  to  be  generated, 
each  assembly  including  said  phase  register,  said 
linking  pointer  register  and  further  an  amplitude 
register,  a  period  register,  an  instant-of-happening 
register  and  a  block  linking  register,  and  means  for 
counting  the  time  and  means  for  comparing  the 
elapsed  time  with  the  contents  of  the  instant-of- 
happening  register  of  each  assembly-  so  as  to 
produce  the  samples  of  each  signal  in  multiplexed 
format  by  linking  the  read-out  of  block  assemblies. 

Claims 

1.  A  method  of  audio  synthesis  including  the 
step  of  successive  reading  of  numerical  samples 
memorized  in  a  sample  memory  and  the  step  of  w 
restituting  said  samples  in  analog  format,  wherein 

-said  samples  are  memorized  in  said  sample 
memory  in  a  plurality  of  sample  packages,  each 
sample  package  corresponding  to  a  distinct  sound 
event,  '5 

-said  sample  packages  are  read  successively 
in  accordance  with  a  predetermined  package  link- 
ing, 

-said  package  linking  :s  written  into  a  linking 
table  containing  a  list  of  sound  events  to  be  sue-  20 
cessively  produced, 

-selection  and  linking  of  sound  events  are 
written  into  said  linking  table  in  dependence  upon  a 
sound  signal  to  be  produced. 

2.  The  method  of  claim  1  wherein  said  linking  25 
table  comprises  a  plurality  of  entries  corresponding 
to  a  plurality  of  restitution  types  of  a  sound  to  be 
produced. 

3.  An  electronic  musical  instrument  for  im- 
plementation  of  the  method  defined  in  claimi  or  2,  30 
comprising: 

-a  numerical  sample  memory,  divided  into 
memory  blocks,  each  block  adapted  to  memorize 
at  least  one  sample  package  corresponding  to  a 
respective  sound  event,  35 

-means  for  reading  and  numerical-to-analog 
converting  of  samples  read  out  of  said  sample 
memory,  said  means  including  a  phase  counter  for 
addressing  successive  samples  of  a  sample  pack- 
age,  40 

-a  linking  memory  for  global  addressing  of 
sample  packages, 

-synchronizing  means  for  pointing  said  linking 
to  another  memory  block  after  reading  of  a  last 
sample  in  each  block,  and  45 

-a  central  control  unit  for  writing  into  said 
linking  memory  at  least  a  list  of  sample  packages 
and  for  control  of  the  successive  reading  of  sam- 
ples  and  production  of  predetermined  sounds. 

4.  The  instrument  of  claim  3  wherein  said  link-  50 
ing  device  comprises  an  address  selection  table 
containing  at  least  a  common  address  portion  of 
samples  of  each  sample  block,  and  a  linking  mem- 
ory  containing  at  least  a  list  of  sample  blocks  which 
constitute  a  linking,  each  element  of  said  list  serv-  55 
ing  the  addressing  of  said  selection  table,  and  each 
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