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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  invention 

The  present  invention  relates  to  a  musical  tone 
control  apparatus  capable  of  accurately  reproducing 
musical  tones  with  noises  generated  from  wind  in- 
struments,  stringed  instruments,  and  the  like.  In  par- 
ticular,  the  present  invention  relates  to  an  apparatus 
for  synthesizing  musical  tones  including: 

excitation  means  for  generating  an  excitation 
signal  corresponding  to  performance  information  out- 
put  from  a  musical  instrument; 

time  delay  means  for  delaying  the  excitation 
signal  in  accordance  with  a  transmission  characteris- 
tic  of  the  performance  information,  the  time  delay 
means  being  connected  with  the  excitation  means  to 
form  a  loop  circuit  for  circulating  the  excitation  signal 
therein,  thereby  the  circulated  excitation  signal  is 
used  as  a  musical  tone  signal; 

noise  generation  means  for  generating  a  noise 
signal  when  playing  the  musical  instrument;  and 

noise  combining  means  for  combining  the  cir- 
culated  excitation  signal  with  the  noise  signal,  thereby 
noise  mixing  means  is  incorporated  in  the  loop  circuit. 

Prior  art 

One  type  of  conventional  apparatus  known  in  the 
art  is  disclosed  in  US-A-4,736,663  where  a  digital  sys- 
tem  is  provided  for  synthesizing  individual  voices  of 
musical  instruments,  which  may  then  be  combined 
into  a  musical  composition.  The  system  for  a  single 
voice  is  comprised  of  means  for  solving  a  system  of 
simultaneous  finite  difference  equations,  where  time 
is  represented  by  real  time  in  the  computations.  Mu- 
sical  sounds  of  the  voice  can  then  be  produced  by 
repetitiously  solving  the  difference  equations  that 
model  the  instrument  in  real  time,  using  an  array  of 
elemental  means  named  "universal  processing  ele- 
ments"  (UPEs)  interconnected  by  a  matrix  to  each 
other  and  to  external  input  and  output  terminals,  and 
varying  the  sounds  by  varying  the  parameters. 

In  particular,  US-A-4,736,663  reveals  a  dynamic 
model  for  a  blown  musical  instrument,  implemented 
using  UPEs.  It  is  composed  of  a  nonlinear  function 
section  computing  a  third  order  polynomial,  a  noise 
modulation  section  adding  an  amount  of  noise  pro- 
portional  to  the  size  of  the  signal  at  its  input,  and  a  res- 
onator  section  having  second-order  resonators  tuned 
to  frquencies  corresponding  to  the  partials  of  the  mu- 
sical  instrument.  These  three  sections  which  are  con- 
nected  in  a  cascade  arrangement  forming  a  closed 
loop  can  be  interpreted  as  excitation  means  for  gen- 
erating  an  excitation  signal  corresponding  to  perfor- 
mance  information  output  from  a  musical  instrument, 

further  as  noise  generation  means  for  generating  a 
noise  signal  when  playing  the  musical  instrument, 
and,  eventually,  as  noise  combining  means  for  com- 
bining  the  circulated  excitation  signal  with  the  noise 

5  signal,  thereby  noise  mixing  means  incorporated  in 
the  loop  circuit.  In  addition,  each  UPE  has  a  word  de- 
lay  for  the  data  being  pipelined  through  it  which  may 
be  identified  as  a  time  delay  means  for  delaying  the 
excitation  signal  in  accordance  with  a  transmission 

10  characteristic  of  the  performance  information.  The 
time  delay  means  is  connected  with  the  excitation  to 
form  the  above-mentioned  loop  circuit  for  circulating 
the  excitation  signal  therein,  thereby  the  circulated 
excitation  signal  being  used  as  a  musical  tone  signal. 

15  Another  type  of  conventional  apparatus  known  in 
the  art  is  disclosed  in  Japanese  Patent  Application 
Laid-open  No.  63-40199  and  Japanese  Patent  Pub- 
lication  No.  58-58679. 

According  to  the  documents,  Fig.  1  shows  a  con- 
20  struction  of  an  apparatus  for  mixing  musical  tones, 

the  construction  being  used  for  simulating  the  musi- 
cal  tones  based  on  musical  tone  generation  mecha- 
nism.  In  Fig.  1,  reference  numeral  11  denotes  a  ROM 
(read-only  memory),  12  denotes  an  adder,  13  de- 

25  notes  a  subtractive  device,  14  and  15  denote  multipli- 
ers.  Accordingly,  the  construction  is  formed  so  that 
the  operation  of  a  mouthpiece  and  a  reed  for  the  clar- 
inet  is  simulated  when  playing  the  clarinet.  The  above 
construction  thus  comprises  an  excitation  circuit  10. 

30  Reference  numeral  20  denotes  a  bi-directional 
transmission  circuit  so  that  transmission  characteris- 
tic  of  a  resonance  tube  of  the  clarinet  is  simulated. 
Transmission  circuit  20  comprises 

delay  circuits  D,  D,  ...  for  simulating  transmis- 
35  sion  delay  of  air-pressure  waves  from  the  resonance 

tube; 
junctions  JU,  JU,  ...  intervened  between  delay 

circuits  D,  D,  etc.; 
a  low-  pass  filter  LPF  forsimulating  energy  loss 

40  when  the  air-pressure  waves  reflect  at  the  end  por- 
tion  of  the  resonance  tube;  and 

a  high-pass  filter  for  eliminating  direct-current 
component  of  data  which  is  transmitted  into  the  bi-di- 
rectional  transmission  circuit  20.  Junctions  JU,  JU, 

45  etc.  are  used  for  simulating  scattering  air-pressure 
wave  at  the  various  diameter  of  the  resonance  tube. 

Fig.  1  also  shows  four  multipliers  to  M4,  and 
two  adders  Ai  and  A2,  these  being  of  a  lattice-type  cir- 
cuit.  Symbols  "1+K",  "-K",  "1-K",  and  "K"  beside  mul- 

50  tipliers  M1  to  M4  represent  multiplication  constants,  in 
which  "K"  is  determined  so  that  the  transmission  char- 
acteristic  close  to  that  of  an  actual  resonance  tube  is 
obtained. 

According  to  the  above  construction,  data  P  cor- 
55  responding  to  a  blowing  pressure  is  supplied  to  adder 

12and  subtractive  device  13.  Output  data  from  adder 
12  is  then  transmitted  to  delay  circuit  D,  junction  JU, 
delay  circuit  D,  and  the  like,  in  bidirectional  transmis- 
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sion  circuit  20,  and  then  transmitted  to  low-pass  filter 
LPF.  After  transmitting  it  through  low-pass  filter  LPF 
and  high-pass  filter  HPF,  output  data  from  adder  12 
is  conversely  transmitted  to  delay  circuit  D,  Junction 
JU,  and  the  like,  then  supplied  to  subtractive  device 
13  from  bi-directional  transmission  circuit  20. 

In  addition,  data  P  is  subtracted  from  output  data 
output  from  bi-directional  transmission  circuit  20  by 
subtractive  device  13,  in  which  the  data  corresponds 
to  a  pressure  of  the  air-pressure  wave  which  is  re- 
turned  to  a  gap  between  the  mouthpiece  and  reed 
from  the  end  portion  of  the  resonance  tube.  By  virtue 
of  the  subtraction,  data  P̂   corresponding  to  the  air- 
pressure  of  the  gap  between  the  mouthpiece  and 
reed  is  obtained.  Supplying  data  P̂   to  ROM  11  gen- 
erates  data  Y  corresponding  to  "admittance",  that  is, 
it  means  a  degree  how  air  easily  flows  into  the  reso- 
nance  tube,  in  other  words,  the  data  Y  corresponds 
to  a  sectional  area  of  the  gap  between  the  mouth- 
piece  and  reed  from  ROM  11. 

Fig.  2  shows  a  characteristic  of  a  non-linearfunc- 
tion  "A"  which  represents  the  air-pressure  of  the  gap 
between  the  mouthpiece  and  reed  stored  in  ROM  11 
related  to  the  sectional  area  of  the  gap. 

In  addition,  data  Y  is  multiplied  by  data  P̂   in  mul- 
tiplier  14,  so  that  data  FL  corresponding  to  a  speed  of 
airflow  which  is  passed  through  the  gap  between  the 
mouthpiece  and  reed  is  obtained.  Data  FL  is  then  mul- 
tiplied  by  multiplication  constant  G  in  multiplier  15,  in 
which  the  multiplication  constant  G  is  a  constant 
which  is  determined  by  various  diameters  of  the  in- 
strument  in  the  vicinity  of  the  reed,  i.  e.,  the  constant 
G  expresses  resistance  to  airflow  in  the  vicinity  of  the 
reed,  such  as  a  "impedance".  Accordingly,  data  P2  is 
obtained  from  multiplier  15  and  represents  a  value 
which  is  multiplied  the  speed  of  the  airflow  passing 
through  the  gap  between  the  mouthpiece  and  reed  by 
the  "impedance"  against  the  airflow  in  the  tube,  that 
is,  the  data  P2  represents  a  magnitude  of  pressure 
changes  in  the  tube  when  air  passing  through  the 
gap.  Data  P2  is  then  added  to  data  P  by  adder  12,  and 
then,  the  sum  is  supplied  to  bi-directional  transmis- 
sion  circuit  20. 

Accordingly,  in  a  closed  loop  formed  between  ex- 
citation  circuit  10  and  bidirectional  transmission  cir- 
cuit  20,  data  is  circulated  in  the  closed  loop,  that  is, 
resonance  operation  is  carried  out.  Data  at  the  point 
of  low-pass  filter  LPF  in  bidirectional  transmission  cir- 
cuit  20  is  then  extracted  from  the  apparatus,  so  that 
a  musical  tone  is  generated  in  accordance  with  the 
data. 

On  the  other  hand,  in  a  wind  instrument,  when  air 
blowing  into  the  gap  between  the  mouthpiece  and  the 
reed,  a  blowing  noise  is  generated  from  the  gap, 
thereby  mixing  the  blowing  noise  with  the  data. 

Conventionally,  mixing  the  blowing  noise  and  the 
data  has  been  carried  out  so  as  to  overlap  data  P  cor- 
responding  to  the  blowing  pressure  with  data  corre- 

sponding  to  the  blowing  noise. 
Fig.  3  shows  an  apparatus  for  mixing  musical 

tones  generated  from  both  stringed  and  percussion 
instruments.  In  Fig.  3,  reference  numeral  101  de- 

5  notes  a  ROM  for  storing  an  initial  wave  form,  for  ex- 
ample,  first  one-cycle  of  an  immediately  after  musical 
tone  which  is  generated  from  the  stringed  or  percus- 
sion  instrument.  Reference  numeral  102  denotes  a 
delay  circuit,  103  denotes  a  selection  circuit,  and  104 

10  denotes  a  filter. 
The  apparatus  for  mixing  musical  tones  begins 

operating  in  accordance  with  a  musical  tone  genera- 
tion  instruction  output  from  a  musical  tone  generation 
instructor  (not  shown).  When  the  apparatus  receives 

15  the  musical  tone  generation  instruction  outputted 
from  the  musical  tone  generation  instructor,  selection 
circuit  103  transmits  one-cycle  of  wave  data  from 
ROM  1  03  to  an  output  portion,  and  to  filter  1  04.  Also, 
the  one-cycle  wave  data  in  which  the  band-width  is 

20  limited  by  filter  104,  is  supplied  to  delay  circuit  102. 
Afterwards,  the  one-cycle  wave  data  is  circulated  in 
the  circuits  in  the  order  of  selection  circuit  103,  filter 
104,  and  delay  circuit  102,  and  is  transmitted  to  the 
output  portion  at  every  circulation.  According  to  the 

25  above  construction,  musical  tones  are  mixed  with 
each  other  so  that  tone  colors  are  changed  in  accor- 
dance  with  the  elapsed  time  when  the  stringed  and 
percussion  instruments  are  played. 

When  the  stringed  and  percussion  instruments 
30  are  played,  it  is  known  that  noises  overlap  with  each 

of  the  musical  tones  in  the  beginning  of  play  in  case 
of  the  stringed  instrument,  and  also  in  case  of  hitting 
the  percussion  instrument.  However,  it  has  not  been 
considered  that  the  conventional  apparatus  for  mix- 

35  ing  musical  tones  handles  the  noises. 
According  to  the  above-mentioned,  the  method 

for  reproducing  noises  in  which  the  noise  overlaps 
data  corresponding  to  the  blowing  pressure  of  the 
wind  instrument  is  not  suitable  for  the  generation  of 

40  actual  noise,  in  other  words,  the  noise  is  not  natural. 

SUMMARY  OF  THE  INVENTION 

In  consideration  of  the  problems  described 
45  above,  it  is  an  object  of  the  present  invention  to  pro- 

vide  an  apparatus  for  mixing  musical  tones  which  can 
accurately  reproduce  noise  in  playing  musical  instru- 
ments  based  on  a  noise  generation  mechanism. 

This  object  is  achieved  in  that  the  noise  combin- 
50  ing  means  of  the  apparatus  for  mixing  musical  tones 

comprises: 
blowing-pressure  signal  generation  means  for 

generating  a  magnitude  of  blowing-pressure  at  a 
sound  generation  portion  of  the  wind  instrument  from 

55  the  excitation  signal  and  a  feedback  signal  reflected 
from  an  inner  portion  of  the  wind  instrument; 

air-flow  signal  generation  means  for  generat- 
ing  a  magnitude  of  an  airflow  at  the  sound  generation 
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portion  from  the  magnitude  of  blowing-pressure  at 
the  sound  generation  portion  and  a  pressure  applied 
to  the  sound  generation  portion; 

air-flow  speed  signal  generation  means  for 
generating  a  speed  of  the  air  flow  at  the  sound  gen- 
eration  portion  from  the  magnitude  of  the  blowing- 
pressure  at  the  sound  generation  portion  and  the 
pressure  applied  to  the  sound  generation  portion;  and 

combining  signal  generation  means  for  gener- 
ating  a  combining  signal  from  the  speed  of  the  airflow 
and  the  noise  signal. 

The  air-flow  signal  generation  means  preferably 
includes  a  filtering  means  for  filtering  a  signal  of  the 
air  flow  at  the  sound  generation  portion  to  limit  a 
band-width  of  the  signal. 

According  to  a  particularly  inventive  embodiment 
of  the  present  invention,  the  noise  combining  means 
comprises: 

blowing-pressure  signal  generation  means  for 
generating  a  magnitude  of  blowing-pressure  at  the 
sound  generation  portion  of  the  wind  instrument  from 
the  excitation  signal  and  the  feedback  signal  reflected 
from  the  inner  portion  of  the  wind  instrument; 

air-flow  signal  generation  means  for  generat- 
ing  a  magnitude  of  the  air  flow  at  the  sound  genera- 
tion  portion  from  the  magnitude  of  blowing-pressure 
at  the  sound  generation  portion  and  a  pressure  ap- 
plied  to  the  sound  generation  portion; 

air-speed  saturation  detection  means  for  de- 
tecting  a  point  of  air-speed  saturation  from  the  mag- 
nitude  of  blowing-pressure  at  the  sound  generation 
portion; 

air-flow  speed  signal  generation  means  for 
generating  a  speed  of  the  air  flow  at  the  sound  gen- 
eration  portion  from  the  point  of  air-speed  saturation 
and  the  magnitude  of  the  airflow  at  the  sound  gener- 
ation  portion;  and 

mixing  signal  generation  means  for  generating 
a  mixing  signal  from  the  speed  of  the  air  flow  and  the 
noise  signal. 

First  feature  of  the  present  invention  is  that  the 
noise  generation  and  noise  mixing  devices  are  incor- 
porated  in  the  loop  circuit,  therefore  a  noise  signal,  for 
example,  a  blowing  noise  signal  output  from  a  wind  in- 
strument  is  mixed  with  an  excitation  signal,  such  as 
a  blowing  signal,  during  the  circulation  of  the  excita- 
tion  signal,  so  that  the  natural  noise  signal  can  be  ac- 
curately  reproduced. 

Second  feature  of  the  present  invention  is  that,  in 
the  noise  mixing  device,  the  speed  of  the  air  flow  at 
the  sound  generation  portion  of  the  wind  instrument 
is  obtained  from  the  air-flow  speed  signal  generation 
device  when  the  latter  device  receives  the  blowing- 
pressure  signal  output  from  the  blowing-pressure  sig- 
nal  generation  device  and  the  air  flow  signal  output 
from  the  air-flow  signal  generation  device,  thereby 
circulating  the  speed  of  the  airflow,  mixing  the  latter 
with  the  noise  signal,  and  accurately  reproducing  the 

natural  noise  signal. 
Third  feature  of  the  present  invention  is  that,  in 

the  noise  mixing  device,  the  speed  of  the  air  flow  is 
obtained  from  the  air-flow  speed  signal  generation 

5  device  when  the  latter  device  receives  the  air  flow  sig- 
nal  output  from  the  air-flow  signal  generation  device 
and  the  point  of  air-speed  saturation  output  from  the 
air-speed  saturation  detecting  device,  thereby  circu- 
lating  the  speed  of  the  airflow,  mixing  the  latter  with 

10  the  noise  signal  to  reproduce  the  natural  noise  signal. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  showing  a  conventional 
15  apparatus  for  mixing  musical  tones. 

Fig.  2  is  a  graph  showing  a  non-linearf  unction  "A" 
indicated  by  an  air-pressure  at  the  gap  between  the 
mouthpiece  and  reed  as  the  input  component  related 
to  a  sectional  area  at  the  gap  as  the  output  compo- 

20  nent. 
Fig.  3  is  a  block  diagram  showing  another  con- 

ventional  apparatus  for  mixing  musical  tone  of  a 
stringed  instrument  with  that  of  a  percussion  instru- 
ment. 

25  Fig.  4  is  a  block  diagram  showing  an  apparatus 
for  mixing  musical  tones  in  accordance  with  the  first 
embodiment  of  the  present  invention; 

Fig.  5  is  a  block  diagram  showing  another  appa- 
ratus  for  mixing  musical  tones  in  accordance  with  the 

30  second  embodiment  of  the  present  invention. 
Fig.  6  is  a  graph  showing  a  non-linearf  unction  "B" 

indicated  by  the  saturated  region  and  non-saturated 
region  of  the  air  flow  speed  at  the  gap  between  the 
mouthpiece  and  reed. 

35  Fig.  7  is  a  block  diagram  showing  another  appa- 
ratus  for  mixing  musical  tones  in  accordance  with  the 
third  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
40  EMBODIMENTS 

Hereinafter,  embodiments  of  the  present  inven- 
tion  are  described  with  reference  to  drawings.  Fig.  4 
shows  a  block  diagram  of  an  apparatus  for  mixing  mu- 

45  sical  tones  of  first  embodiment.  Since  the  block  dia- 
gram  includes  constructions  similar  to  conventional 
constructions  shown  in  Fig.  1  which  has  been  already 
described  above,  the  same  reference  numerals  in  Fig. 
1  are  used  in  Fig.  4  for  the  same  constructions  and 

so  detailed  descriptions  for  these  are  omitted. 
In  Fig.  4,  reference  numeral  21  denotes  a  musical 

tone  control  information  generating  circuit  for  gener- 
ating  various  musical  tone  control  information  by  de- 
tecting  a  type  of  operation  corresponding  to  an  opera- 

55  tional  element  which  is  stored  in  the  apparatus  for 
mixing  musical  tones.  The  musical  tone  control  infor- 
mation  includes  data  P  corresponding  to  the  blowing 
pressure;  data  E  corresponding  to  a  pressure  applied 

4 
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to  the  reed  when  a  player  holds  the  mouthpiece  in  his 
or  her  mouth,  in  which  the  pressure  is  referred  to  as 
"embouchure";  data  ST  for  controlling  a  tone  pitch  of 
generated  musical  tone;  noise  data  N;  and  the  like. 

Data  ST  for  controlling  the  tone  pitch  is  transmit- 
ted  to  bi-directional  transmission  circuit  20.  Data  ST 
changes  a  transmission  line  to  another  for  bi-direc- 
tional  transmission  circuit  20,  thereby  changing  reso- 
nance  characteristic  of  bi-directional  transmission  cir- 
cuit  20  into  another. 

Noise  data  N  is  used  for  simulating  air  turbulence 
at  the  gap  between  the  mouthpiece  and  reed.  Noise 
data  N  is  obtained  from  the  following  example;  an  M- 
series  random  number  generation  circuit  generates 
dummy  random  number  data.  The  dummy  random 
number  data  is  passed  through  the  low-pass  filter  and 
the  like,  for  eliminating  a  higher  harmonic  component, 
and  then,  added  to  data  corresponding  to  a  direct  cur- 
rent  off-set  component  to  the  dummy  random  number 
data.  Noise  data  N  is  also  obtained  from  another 
method;  a  thermal  noise  generated  from  a  zener  di- 
ode  is  amplified  by  an  amplifier  from  which  an  ampli- 
fied  output  is  converted  analog  into  digital  signal. 

Junction  22  comprises  adders  22a  and  22b.  In 
junction  22,  output  data  from  multiplier  1  5  is  added  to 
that  from  bi-directional  transmission  circuit  20  by  ad- 
der  22a,  and  then,  the  sum  is  supplied  to  bi-directional 
transmission  circuit  20.  Also,  output  data  from  bi-di- 
rectional  transmission  circuit  20  is  added  to  that  from 
adder  22a  by  adder  22b,  and  the  sum  is  supplied  to 
subtractive  device  13.  Accordingly,  the  turbulence  of 
the  air-pressure  wave  at  the  end  portion  of  the  mouth- 
piece  can  be  simulated. 

Data  P  corresponding  to  the  blowing  pressure  is 
supplied  to  subtractive  device  13,  and  feedback  data 
from  bi-directional  transmission  circuit  20  is  also  sup- 
plied  to  subtractive  device  13  through  adder  22b  of 
junction  22,  in  which  the  feedback  data  corresponds 
to  the  air-pressure  wave  which  is  returned  to  the 
mouthpiece  from  the  end  portion  of  the  resonance 
tube  by  reflection.  Data  P̂   corresponding  to  the  air- 
pressure  at  the  gap  between  the  mouthpiece  and 
reed  is  then  output  from  subtractive  device  13,  and 
supplied  to  both  adder  16  and  multiplier  14  through 
delay  circuit  13D. 

In  addition,  data  E  corresponding  to  an  "embus- 
sure"  is  added  to  data  P̂   by  adder  1  6,  as  an  off-set 
component,  and  data  P3  corresponding  to  a  pressure 
actually  applied  to  the  reed  is  then  generated  from  ad- 
der  16.  The  band-width  of  data  P3  is  limited  by  filter 
11a,  and  then  it  is  supplied  to  ROM  11. 

It  then  describes  a  reason  why  data  P3  is  passed 
through  filter  11a.  In  case  of  changing  a  pressure  ap- 
plied  to  the  reed,  the  reed  is  reacted  against  pressure 
changes  with  time  delay  by  virtue  of  inertia  peculiar 
to  the  reed.  In  the  case  thatfrequency  of  the  pressure 
changes  is  high,  the  reed  is  not  reacted  against  the 
pressure  changes.  Accordingly,  the  variation  of  the 

reed  is  simulated  against  the  pressure  changes.  Be- 
cause  of  this,  the  band-width  of  data  P3  is  limited  by 
filter  11a  to  realize  a  natural  wind  instrument  proper- 
ty- 

5  Data  Y  corresponding  to  "admittance"  with  re- 
spect  to  the  air  flow  at  the  gap  between  the  mouth- 
piece  and  reed  is  then  output  from  ROM  11.  Data  Y 
is  multiplied  by  data  P̂   outputted  from  delay  circuit 
13D  in  multiplier  14  for  generating  data  FL  corre- 

10  sponding  to  the  speed  of  the  air  flow  which  passes 
through  the  gap  between  the  mouthpiece  and  reed. 

Data  FL  is  multiplied  by  noise  data  N  in  multiplier 
MN,  thereby  data  FL  is  mixed  with  noise  component 
of  noise  data  N  which  is  changed  at  every  moment, 

15  in  which  the  noise  component  is  a  component  of  re- 
mainder  which  is  eliminated  the  off-set  component 
from  noise  data  N.  Data  FLN  mixed  with  data  corre- 
sponding  to  the  air  turbulence  is  outputted  from  mul- 
tiplier  MN,  and  is  multiplied  by  the  above-mentioned 

20  multiplication  constant  G  in  multiplier  1  5.  By  virtue  of 
the  multiplication,  data  corresponding  to  the  air-pres- 
sure  in  the  resonance  tube  is  obtained,  and  supplied 
to  bi-directional  transmission  circuit  20  through  adder 
22a  of  junction  22.  Output  data  from  bi-directional 

25  transmission  circuit  20  is  then  supplied  to  adder  22b 
through  junction  22  with  mixture  of  signal  from  the  ad- 
der  22a  to  thereby  be  supplied  to  the  adder  13.  And 
then,  the  above-mentioned  signal  process  is  carried 
out. 

30  According  to  the  apparatus  for  mixing  musical 
tones,  data  corresponding  to  the  speed  of  the  airflow 
which  passes  through  the  gap  between  the  mouth- 
piece  and  reed  is  mixed  with  noise  data  N,  so  that  sig- 
nal  process  is  carried  out  in  accordance  with  the  ac- 

35  tual  noise  generation  mechanism  of  the  wind  instru- 
ment.  As  a  result,  the  noise  generated  from  the  wind 
instrument  is  accurately  reproduced. 

In  the  first  embodiment,  output  data  from  multi- 
plier  14  is  multiplied  by  noise  data  N,  but  the  following 

40  data  can  be  used  as  a  multiplicand;  data  supplied 
from  delay  circuit  13D  to  multiplier  14;  data  output 
from  delay  circuit  13D;  and  data  which  is  multiplied 
data  supplied  from  ROM  11  to  multiplier  14  by  noise 
data  N.  Also,  output  data  from  multiplier  14  is  multi- 

45  plied  by  noise  data  N  to  mix  data  with  the  noise  data 
N  in  this  embodiment,  but  the  output  data  from  multi- 
plier  14  can  be  added  to  noise  data  N. 

Fig.  5  shows  a  block  diagram  of  another  appara- 
tus  for  mixing  musical  tones  in  accordance  with  sec- 

50  ond  embodiment  of  the  present  invention.  The  same 
reference  numerals  in  Fig.  4  are  used  in  Fig.  5  for  the 
same  constructions.  Reference  numeral  32  denotes 
a  ROM,  31  and  33  denote  subtractive  devices,  34  and 
35  denote  multipliers.  Also,  reference  numeral  13a 

55  denotes  a  buffer  for  buffering  and  transmitting  data  P 
to  subtractive  device  13.  Reference  numeral  13b  de- 
notes  a  buffer  for  buffering  and  transmitting  output 
data  from  bi-directional  transmission  circuit  20  to  sub- 

5 
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tractive  device  13.  Reference  numeral  31a  denotes  a 
buffer  for  buffering  and  transmitting  data  P  to  sub- 
tractive  device  13.  Also,  reference  numeral  31b  de- 
notes  a  buffer  for  buffering  and  transmitting  output 
data  from  bi-directional  transmission  circuit  20  to  sub- 
tractive  device  13. 

In  such  case,  the  speed  of  air  flow  at  the  gap  be- 
tween  the  mouthpiece  and  the  reed  is  varied,  but 
reaching  a  prescribed  speed  is  saturated.  Fig.  6 
shows  a  non-linear  function  "B"  which  indicates  a  sat- 
uration  characteristic  for  the  speed  of  the  airflow.  The 
saturation  characteristic  is  stored,  as  table  data,  in 
ROM  32. 

In  the  second  embodiment,  output  data  from  sub- 
tractive  device  31  is  supplied  to  ROM  32,  and  convert- 
ed  into  data  by  the  table  data  based  on  the  non-linear 
function  "B",  in  which  output  data  from  subtractive  de- 
vice  31  is  data  which  corresponds  to  a  pressure  ap- 
plied  to  the  reed.  Output  data  from  ROM  32  is  multi- 
plied  by  output  data  from  ROM  11  in  multiplier  14  to 
obtain  data  which  corresponds  to  the  speed  of  the  air 
flow  at  the  gap,  in  which  output  data  from  ROM  11  is 
data  which  corresponds  to  "admittance"  with  respect 
to  the  flow  at  the  gap  between  the  mouthpiece  and 
the  reed.  Accordingly,  in  the  case  that  output  data 
from  subtractive  device  31  is  relatively  large,  data 
corresponding  to  a  saturation  region  of  the  non-linear 
function  "B"  is  read  from  ROM  32.  As  a  result,  output 
data  corresponding  to  the  speed  of  the  airflow  is  read 
out  from  multiplier  14  in  saturation. 

In  the  second  embodiment,  a  process  is  carried 
out  so  that  data  corresponding  to  air  turbulence  be- 
comes  a  larger  value  with  saturation  of  the  air  flow 
speed. 

The  operation  is  described  next,  the  non-linear 
function  "B"  can  be  seen  that  a  difference  between 
an  input  value  and  an  output  value  becomes  larger 
while  a  point  of  characteristic  moves  from  a  non-sat- 
uration  to  the  saturation  region.  In  this  embodiment, 
the  difference  is  obtained  from  subtractive  device  33, 
and  also  output  data  from  subtractive  device  33  is 
multiplied  by  noise  data  N  in  multiplier  34.  According- 
ly,  in  the  case  that  data  of  the  non-saturation  region 
is  read  out  from  ROM  32,  that  is,  the  speed  of  the  air 
flow  is  not  saturated,  output  data  from  multiplier  34 
becomes  a  small  value.  On  the  other  hand,  in  the  case 
that  data  of  the  saturation  region  is  read  out  from 
ROM32,  that  is,  the  speed  of  the  airflow  is  saturated, 
output  data  from  multiplier  34  becomes  a  large  value. 

Output  data  from  multiplier  34  is  multiplied  by  out- 
put  data  from  multiplier  14  in  multiplier  35  to  obtain 
data  corresponding  the  speed  of  the  airflow  including 
air  turbulence,  thereby  generating  musical  tone  in- 
cluding  noise  as  described  in  the  first  embodiment. 
Accordingly,  in  playing  the  wind  instrument,  when  the 
speed  of  the  air  flow  at  the  gap  between  the  mouth- 
piece  and  reed  is  saturated  by  blowing  air  strongly,  a 
larger  noise  can  be  accurately  reproduced. 

Fig.  7  shows  a  block  diagram  of  an  apparatus  for 
mixing  musical  tones  in  accordance  with  third  em- 
bodiment  of  the  present  invention.  In  Fig.  7,  multiplier 
105  is  incorporated  in  the  conventional  apparatus  as 

5  shown  in  Fig.  3  which  has  been  already  described. 
The  feature  of  the  third  embodiment  is  that  noise  data 
N  is  overlapped  with  musical  tones  which  are  gener- 
ated  from  the  stringed  and  percussion  instruments 
when  mixing  these  musical  tones. 

10  The  preferred  embodiments  described  herein  are 
illustrative  and  not  restrictive.  The  scope  of  the  inven- 
tion  is  indicated  by  the  appended  claims  and  all  vari- 
ations  which  fall  within  the  claims  are  intended  to  be 
embraced  therein. 

15 

Claims 

1.  An  apparatus  for  synthesizing  musical  tones  in- 
20  eluding: 

excitation  means  for  generating  an  excita- 
tion  signal  corresponding  to  performance  infor- 
mation  output  from  a  musical  instrument; 

time  delay  means  for  delaying  the  excita- 
25  tion  signal  in  accordance  with  a  transmission 

characteristic  of  the  performance  information, 
the  time  delay  means  being  connected  with  the 
excitation  means  to  form  a  loop  circuit  for  circu- 
lating  the  excitation  signal  therein,  thereby  the 

30  circulated  excitation  signal  is  used  as  a  musical 
tone  signal; 

noise  generation  means  for  generating  a 
noise  signal  when  playing  the  musical  instru- 
ment;  and 

35  noise  combining  means  for  combining  the 
circulated  excitation  signal  with  the  noise  signal, 
the  noise  mixing  means  being  incorporated  in  the 
loop  circuit, 

characterized  in  that 
40  the  noise  combining  means  comprises: 

blowing-pressure  signal  generation 
means  for  generating  a  magnitude  of  blowing- 
pressure  at  a  sound  generation  portion  of  the 
wind  instrument  from  the  excitation  signal  and  a 

45  feedback  signal  reflected  from  an  inner  portion  of 
the  wind  instrument; 

air-flow  signal  generation  means  for  gen- 
erating  a  magnitude  of  an  air  flow  at  the  sound 
generation  portion  from  the  magnitude  of  blow- 

so  ing-pressure  at  the  sound  generation  portion  and 
a  pressure  applied  to  the  sound  generation  por- 
tion; 

air-flow  speed  signal  generation  means 
for  generating  a  speed  of  the  airflow  at  the  sound 

55  generation  portion  from  the  magnitude  of  the 
blowing-pressure  at  the  sound  generation  portion 
and  the  pressure  applied  to  the  sound  generation 
portion;  and 

6 



11 EP  0  395  041  B1 12 

combining  signal  generation  means  for 
generating  a  combining  signal  from  the  speed  of 
the  air  flow  and  the  noise  signal. 

2.  An  apparatus  for  synthesizing  musical  tones  ac- 
cording  to  claim  1,  in  which  the  air-flow  signal 
generation  means  includes  a  filtering  means  for 
filtering  a  signal  of  the  air  flow  at  the  sound  gen- 
eration  portion  to  limit  a  band-width  of  the  signal. 

3.  An  apparatus  for  synthesizing  musical  tones  ac- 
cording  to  claim  1  or  2,  in  which  the  noise  com- 
bining  means  comprises: 

blowing-pressure  signal  generation 
means  for  generating  a  magnitude  of  blowing- 
pressure  at  the  sound  generation  portion  of  the 
wind  instrument  from  the  excitation  signal  and 
the  feedback  signal  reflected  from  the  inner  por- 
tion  of  the  wind  instrument; 

air-flow  signal  generation  means  for  gen- 
erating  a  magnitude  of  the  air  flow  at  the  sound 
generation  portion  from  the  magnitude  of  blow- 
ing-pressure  at  the  sound  generation  portion  and 
a  pressure  applied  to  the  sound  generation  por- 
tion; 

air-speed  saturation  detection  means  for 
detecting  a  point  of  air-speed  saturation  from  the 
magnitude  of  blowing-pressure  at  the  sound  gen- 
eration  portion; 

air-flow  speed  signal  generation  means 
for  generating  a  speed  of  the  air  flow  at  the  sound 
generation  portion  from  the  point  of  air-speed 
saturation  and  the  magnitude  of  the  airflow  atthe 
sound  generation  portion;  and 

mixing  signal  generation  means  for  gener- 
ating  a  mixing  signal  from  the  speed  of  the  air 
flow  and  the  noise  signal. 

Patentanspruche 

1.  Vorrichtung  zur  Synthese  von  Musiktonen,  die 
folgendes  enthalt: 
Anregungsmittel  zur  Erzeugung  eines  Anre- 
gungssignals,  das  einer  Spielinformationsausga- 
be  eines  Musikinstruments  entspricht; 
Zeitverzogerungsmittel  zur  Verzogerung  des  An- 
regungssignals  entsprechend  einer  Ubertra- 
gungscharakteristik  der  Spielinformation,  wobei 
die  Zeitverzogerungsmittel  mit  den  Anregungs- 
mitteln  verbunden  sind  zur  Bildung  einer  Schlei- 
fenschaltung,  urn  das  Anregungssignal  dort  zu 
zirkulieren,  dabei  wird  das  zirkulierte  Anregungs- 
signal  als  ein  Musiktonsignal  verwendet; 
Rauschenerzeugungsmittel  zur  Erzeugung  ei- 
nes  Rauschensignals  beim  Spielen  des  Musikin- 
strumentes;  und 
Rauschenkombinationsmittel  zur  Kombination 

des  zirkulierten  Signals  mit  dem  Rauschensignal, 
wobei  die  Rauschenmischmittel  in  der  Schleifen- 
schaltung  inkorporiert  sind, 
dadurch  gekennzeichnet,  dali 

5  die  Rauschenkombinationssmittel  folgendes  auf- 
weisen: 
Blasdrucksignalerzeugungsmittel  zur  Erzeu- 
gung  einer  Blasdruckgrolie  in  einem  Klangerzeu- 
gungsteil  eines  Blasinstrumentes  aus  dem  Anre- 

10  gungssignal  und  einem  Ruckkopplungssignal, 
das  von  einem  inneren  Teil  des  Blasinstrumentes 
reflektiert  wird; 
Luftstromsignalerzeugungsmittel  zur  Erzeu- 
gung  einer  Luftstromgrolie  in  dem  Klangerzeu- 

15  gungsteil  aus  der  Grolie  des  Blasdruckes  in  dem 
Klangerzeugungsteil  und  eines  an  das  Klanger- 
zeugungsteil  angelegten  Druckes; 
Luftstromgeschwindigkeitsignalerzeugungsmittel 
zur  Erzeugung  einer  Luftstromgeschwindigkeit 

20  in  dem  Klangerzeugungsteil  aus  der  Grolie  des 
Blasdruckes  in  dem  Klangerzeugungsteil  und  ei- 
nes  an  das  Klangerzeugungsteil  angelegten 
Druckes;  und 
Kombinationssignalerzeugungsmittel  zur  Er- 

25  zeugung  eines  Kombinationssignals  aus  der 
Geschwindigkeit  des  Luftstroms  und  des 
Rauschensignals. 

2.  Vorrichtung  zur  Synthese  von  Musiktonen  nach 
30  Anspruch  1  ,  bei  dem  die  Luftstromsignalerzeu- 

gungsmittel  Filtermittel  enthalten  zur  Filterung 
eines  Luftstromsignals  in  dem  Klangerzeu- 
gungsteil,  urn  die  Bandbreite  des  Signals  zu  be- 
grenzen. 

35 
3.  Vorrichtung  zur  Synthese  von  Musiktonen  nach 

Anspruch  1  oder  2,  bei  dem  die 
Rauschenbeimischungsmittel  folgendes  aufwei- 
sen: 

40  Blasdrucksignalerzeugungsmittel  zur  Erzeu- 
gung  einer  Blasdruckgrolie  in  dem  Klangerzeu- 
gungsteil  des  Blasinstrumentes  aus  dem  Anre- 
gungssignal  und  dem  aus  dem  inneren  Teil  des 
Blasinstrumentes  reflektierten  Ruckkopplungs- 

45  signal; 
Luftstromsignalerzeugungsmittel  zur  Erzeu- 
gung  einer  Luftstromgrolie  in  dem  Klangerzeu- 
gungsteil  aus  der  Grolie  des  Blasdruckes  in  dem 
Klangerzeugungsteil  und  einem  an  das  Klanger- 

50  zeugungsteil  angelegten  Druck; 
Luftgeschwindigkeitsattigungsnachweismittel  zum 
Nachweisen  eines  Luftgeschwindigkeitsattigungs- 
punktes  aus  der  Grolie  des  Blasdruckes  in  dem 
Klangerzeugungsteil; 

55  Luftstromgeschwindigkeitsignalerzeugungsmittel 
zur  Erzeugung  einer  Luftstromgeschwindigkeit 
in  dem  Klangerzeugungsteil  aus  dem  Luftge- 
schwindigkeitsattigungspunktund  der  Grolie  des 
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Luftstroms  in  dem  Klangerzeugungsteil;  und 
Mischsignalerzeugungsmittel  zur  Erzeugung  ei- 
nes  Mischsignals  aus  der  Geschwindigkeit  des 
Luftstromes  und  dem  Rauschensignal. 

Revendications 

2.  Appareil  pour  synthetiser  des  sons  musicaux  se- 
lon  la  revendication  1,  dans  lequel  les  moyens 
d'engendrement  de  signal  de  circulation  d'air 
comportent  des  moyens  de  f  iltrage  pourf  iltrer  un 

5  signal  de  la  circulation  d'air  a  la  portion  d'engen- 
drement  de  sons  pour  limiter  une  largeur  de  ban- 
de  du  signal. 

1.  Appareil  pour  synthetiser  des  sons  musicaux 
comprenant  :  10 

des  moyens  d'excitation  pour  engendrer 
un  signal  d'excitation  correspondant  a  une  sortie 
d'information  d'execution  d'un  instrument  de  mu- 
sique  ; 

des  moyens  de  retard  temporel  pour  retar-  15 
der  le  signal  d'excitation  en  fonction  d'une  carac- 
teristique  de  transmission  de  I'information  d'exe- 
cution,  les  moyens  de  retard  temporel  etant  relies 
auxdits  moyens  d'excitation  pour  former  un  cir- 
cuit  en  boucle  pour  faire  circuler  le  signal  d'exci-  20 
tation  dans  celui-ci,  le  signal  d'excitation  que  Ton 
fait  circuler  etant  utilise  comme  un  signal  de  son 
musical  ; 

des  moyens  d'engendrement  de  bruits 
pour  engendrer  un  signal  de  bruit  lorsque  I'instru-  25 
ment  de  musique  joue  ;  et 

des  moyens  de  combinaison  de  bruits 
pour  combiner  le  signal  d'excitation  que  Ton  fait 
circuler  avec  le  signal  de  bruit,  les  moyens  de 
mixage  de  bruits  etant  incorpores  dans  le  circuit  30 
en  boucle, 
caracterise  en  ce  que  les  moyens  de  combinai- 
son  de  bruits  comportent  : 

des  moyens  d'engendrement  de  signal  de 
pression  de  soufflage  pour  engendrer  une  gran-  35 
deurde  pression  de  soufflage  a  une  portion  d'en- 
gendrement  de  sons  d'un  instrument  a  vent  a 
partir  du  signal  d'excitation  et  d'un  signal  de  re- 
tour  reflechi  a  partir  d'une  portion  interieure  de 
I'instrument  a  vent  ;  40 

des  moyens  d'engendrement  de  signal  de 
circulation  d'air  pour  engendrer  une  grandeur 
d'une  circulation  d'air  a  la  portion  d'engendre- 
ment  de  sons  a  partir  de  la  grandeur  de  pression 
de  soufflage  a  la  portion  d'engendrement  de  45 
sons  et  d'une  pression  appliquee  a  la  portion 
d'engendrement  de  sons  ; 

des  moyens  d'engendrement  de  signal  de 
vitesse  de  circulation  d'air  pour  engendrer  une  Vi- 
tesse  de  la  circulation  d'air  a  la  portion  d'engen-  50 
drement  de  sons  a  partir  de  la  grandeur  de  la 
pression  de  soufflage  a  la  portion  d'engendre- 
ment  de  sons  et  de  la  pression  appliquee  a  la  por- 
tion  de  generation  de  sons  ;  et 

des  moyens  d'engendrement  de  signal  de  55 
combinaison  pour  engendrer  un  signal  de  combi- 
naison  a  partir  de  la  vitesse  de  la  circulation  d'air 
et  du  signal  de  bruit. 

3.  Appareil  pour  synthetiser  des  sons  musicaux  se- 
lon  la  revendication  1  ou  2,  dans  lequel  les 
moyens  de  combinaison  de  bruits  comportent  : 

des  moyens  d'engendrement  de  signal  de 
pression  de  soufflage  pour  engendrer  une  gran- 
deur  de  pression  de  soufflage  a  une  portion  d'en- 
gendrement  de  sons  de  I'instrument  a  vent  a  par- 
tir  du  signal  d'excitation  et  du  signal  de  retour  re- 
flechi  a  partir  d'une  portion  interieure  de  I'instru- 
ment  a  vent  ; 

des  moyens  d'engendrement  de  signal  de 
circulation  d'air  pour  engendrer  une  grandeur  de 
la  circulation  d'air  a  la  portion  d'engendrement  de 
sons  a  partir  de  la  grandeur  de  pression  de  souf- 
flage  a  la  portion  d'engendrement  de  sons  et 
d'une  pression  appliquee  a  la  portion  d'engen- 
drement  de  sons  ; 

des  moyens  de  detection  de  saturation  de 
vitesse  d'air  pour  detecter  un  point  de  saturation 
de  vitesse  d'air  a  partir  de  la  grandeur  de  pres- 
sion  de  soufflage  a  la  portion  d'engendrement  de 
sons  ; 

des  moyens  d'engendrement  d'un  signal 
de  vitesse  de  circulation  d'air  pour  engendrer  une 
vitesse  de  circulation  d'air  a  la  portion  d'engen- 
drement  de  sons  a  partirdu  point  de  saturation  de 
vitesse  d'air  et  de  la  grandeur  de  la  circulation 
d'air  a  la  portion  d'engendrement  de  sons  ;  et 

des  moyens  d'engendrement  de  signal  de 
mixage  pour  engendrer  un  signal  de  mixage  a 
partir  de  la  vitesse  de  la  circulation  d'air  et  du  si- 
gnal  de  bruit. 
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