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©  Electronic  musical  instrument  in  which  musical  tones  are  generated  on  the  basis  of  pitches 
extracted  from  an  input  waveform  signal. 

©  An  electronic  musical  instrument  extracts  a  pitch 
from  an  input  waveform  signal  by  a  pitch  extracting 
circuit  (P1  -  P6),  and  directs  a  sound  source  circuit 
(9)  to  generate  a  musical  tone  at  the  pitch  based  on 
the  extracted  pitch.  The  sound  source  circuit  (9) 
electronically  generates  musical  tones  at  the  pitches 

^according  to  the  performance.  The  pitch  extracting 
^circuit  (P1  -  P6)  obtains  a  fundamental  period  of  the 

UP  input  waveform  signal  by  detecting  the  time  interval 
Ifl(t1)  between  these  first  two  zero-cross  points  after 
Otwo  positive  peak  points  of  the  input  waveform  signal 
^.are  detected,  by  detecting  a  time  interval  (t2)  be- 
CQtween  first  two  zero-cross  points  after  two  negative 
CNpeak  points  of  the  input  signal  waveform  are  de- 
Qtected,  or  by  detecting  both  the  time  intervals  (t1, 

D.t2)' 
LU 
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Electronic  musical  instrument  in  which  musical  tones  are  generated  on  the  basis  of  pitches  extracted 
from  an  input  waveform  signal 

The  present  invention  relates  to  an  electronic 
musical  instrument  of  the  type  in  which  a  musical 
tone  is  generated  on  the  basis  of  a  pitch  extracted 
from  an  input  waveform  signal,  and  more  particu- 
larly  to  an  electronic  string  instrument  such  as  an 
electronic  guitar  or  a.  guitar  synthesizer. 

In  recent  days,  there  have  been  developed 
musical  instruments  of  the  type  in  which  a  pitch 
(frequency)  is  extracted  from  a  waveform  signal 
generated  by  a  natural  or  conventional  musical 
instrument,  and  under  control  of  the  extracted 
pitch,  a  sound  source  of  an  electronic  circuitry  is 
driven  to  artificially  generate  a  sound  such  as  a 
musical  tone. 

In  this  type  of  the  musical  instruments,  the 
pitch  extraction  still  involves  some  problems  to 
urgently  be  solved.  Typical  pitch  extraction  sys- 
tems  are  a  zero-cross  point  detection  system  and  a 
peak  detection  system. 

The  zero-cross  point  detection  system  detects 
the  time  intervals  between  zero-cross  points  in  the 
input  waveform,  and  uses  them  as  periods  of  the 
artificial  sound.  The  input  waveform  frequently  con- 
tains  harmonics  which  should  have  been  removed 
by  filters  such  as  low-pass  filters.  The  detection 
system  does  not  operate  well  for  such  input 
waveforms.  If  it  is  applied,  the  detected  pitches 
contain  many  errors.  To  prevent  the  errors,  com- 
plicated  software  processings,  for  example,  to 
check  the  duty  of  the  input  waveform,  are  required. 
It  is  technically  difficult  to  realize  this. 

The  peak-detection  system  detects  maximum 
and  minimum  peak  points  of  the  input  waveform 
signal,  and  sets  and  resets  the  flip-flop  at  the  peak 
points,  to  generate  a  period  signal,  e.g.,  a  rectan- 
gular  wave  signal.  The  peak  detection  system  is 
disclosed  in  KOKOKU  Nos.  57-37074 
(corresponding  to  USP  No.  4,117,757)  and  57- 
58672,  and  KOKAI  Nos.  55-55398,  55-152597 
(Utility  Model),  and  61-26090. 

The  peak  detection  system  determines  the  pe- 
riod  of  the  artificial  sound  waveform  by  the  time 
interval  between  the  adjacent  maximum  peaks,  for 
example.  This  feature  causes  reduction  of  the  re- 
liability  of  the  detected  pitches,  and  a  slow  re- 
sponse  to  frequency  change  of  the  input  natural 
sound  waveform.  Use  of  the  R-S  flip-flop  makes 
the  instrument  circuitry  inflexible  in  generic  use 
and  makes  it  difficult  to  construct  so-called  intel- 
ligent  musical  instruments  having  data  processing 
functions. 

Other  proposals  of  the  pitch  detection  are  dis- 
closed  in  KOKAI  Nos.  55-87196  and  55-159495, 
and  KOKOKU  No.  61-51793. 

KOKAI  55-87196  measures  the  period  of  the 
input  natural  sound  waveform,  and  then  converts 
the  measured  value  into  a  frequency  number, 
which  in  turn  is  sent  to  the  sound  source.  Any 

5  novel  technical  proposal  for  the  period  measure- 
ment  is  not  found  in  this  KOKAI  55-87196  speci- 
fication. 

KOKAI  55-159495  and  KOKOKU  61-51793  dis- 
close  a  frequency  stabilizing  technique  in  which 

70  when  the  adjacent  extracted  periods  are  substan- 
tially  the  same,  the  sounding  of  the  musical  instru- 
ment  starts.  A  sounding  command  is  not  sent  to 
the  sound  source  until  at  least  two  periods  elapse. 
In  this  respect,  these  patent  applications  involve 

rs  the  response  performance  problem.  To  obtain  a 
quick  response,  the  sounding  should  start  as  soon 
as  possible. 

Utility  Model  KOKOKU  No.  62-20871 
(corresponding  to  USP  4,606,255)  discloses  an- 

20  other  frequency  stabilizing  technique.  In  a  string 
musical  instrument,  a  vibration  of  one  string  affects 
the  vibration  of  another  string.  Extremely,  the  latter 
vibrates  resonating  at  the  vibration  frequency  of  the 
former.  The  proposal  needs  a  high  cost  because 

25  the  mechanical  parts  are  used,  and  can  imperfectly 
remove  the  resonance. 

As  seen  from  the  above  prior  art  discussion, 
the  prior  arts  are  still  immature  and  requires  the 
improvements  of  many  performances  such  as  sys- 

30  tern  stability,  response  and  flexibility  in  use. 
Accordingly,  an  object  of  the  present  invention 

is  to  provide  an  electronic  musical  instrument  of 
the  type  in  which  musical  tones  are  generated  on 
the  basis  of  pitches  extracted  from  the  waveform  of 

35  an  input  signal,  the  musical  instrument  being  im- 
proved  in  the  pitch  extraction  accuracy,  and  which 
quickly  and  reliably  sends  commands  depending 
on  the  picking  of  the  strings,  the  tremolo  play  and 
the  like  to  the  sound  source  circuit. 

40  According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  an  electronic  musical  instru- 
ment  of  the  type  in  which  musical  tones  are  gen- 
erated  on  the  basis  of  pitches  extracted  from  an 
input  signal  waveform  comprising: 

45  positive  peak  detecting  means  for  detecting 
positive  peak  points  in  the  input  waveform; 

negative  peak  detecting  means  for  detecting 
negative  peak  points  in  the  input  signal  waveform; 

first  peak  point  finding  means  for  finding  the 
so  positive  peak  point  succeeding  to  the  negative 

peak  point  detected  by  the  negative  peak  detecting 
means,  from  those  positive  peak  points  detected 
by  the  positive  peak  detecting  means; 

second  peak  point  finding  means  for  finding  the 
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jative  peak  point  succeeamg  10  ine  jju&iuve 
ak  point  detected  by  the  positive  peak  detecting 
sans,  from  those  negative  peak  points  detected 
the  negative  peak  detecting  means; 
time  measuring  means  for  measuring  the  time 

ration  between  the  positive  peak  points  as  found 
the  first  peak  point  detecting  means  or  the  time 

ration  between  the  negative  peak  points  as  found 
the  second  peak  point  detecting  means;  and 

output  means  for  outputting  the  pitch  data  to 
itermine  high  pitches  through  an  appropriate  pro- 
issing  on  the  basis  of  the  time  duration  measured 
@  the  time  measuring  means. 

According  to  another  aspect  of  this  invention, 
ere  is  provided  an  electronic  musical  instrument 
the  type  in  which  musical  tones  are  generated 

I  extracting  pitches  from  an  input  signal 
aveform  comprising: 

peak  detecting  means  for  detecting  positive  or 
sgative  peak  points  in  an  input  signal  waveform; 

zero-cross  point  detecting  means  for  detecting 
3ro-cross  points  in  the  waveform;  and 

pitch  extracting  means  for  extracting  pitches  of 

ie  input  signal  waveform  by  detecting  the  time 
iterval  (t1)  between  the  zero-cross  points  each 
rst  detected  by  the  zero-cross  point  detecting 
leans  after  the  positive  peak  point  is  detected  by 
ie  peak  point  detecting  means  and/or  the  time 
iterval  (t2)  between  the  zero-cross  points  first  de- 
scted  by  the  zero-cross  point  detecting  means 
fter  the  negative  peak  point  is  detected  by  the 
teak  point  detecting  means. 

With  such  arrangements,  the  frequency  or 
jitch  of  the  input  signal  waveform  can  be  extracted 
iccurately  and  quickly. 

Other  objects  and  features  of  the  present  in- 
dention  will  be  understood  to  those  skilled  persons 
n  the  art  when  carefully  reading  the  detailed  de- 
scription  of  the  preferred  embodiments  in  connec- 
:ion  with  the  accompanying  drawings;  in  which: 

Fig.  1  illustrates  in  block  form  an  overall 
arrangement  of  a  first  embodiment  of  the  present 
invention; 

Fig.  2  shows  a  circuit  diagram  of  a  maximum 

or  positive  peak  detector  used  in  the  Fig.  1  circuit: 
Fig.  3  shows  a  circuit  diagram  of  a  minimum 

or  negative  peak  detector  used  in  the  Fig.  1  circuit; 
Fig.  4  shows  a  timing  chart  useful  in  explain- 

ing  the  operation  of  the  Figs.  2  and  3  circuits; 
Fig.  5  shows  a  graphical  representation  of  a 

cut-off  frequency  of  a  low-pass  filter  used  in  the 

Fig.  1  circuit; 
Fig.  6  shows  a  flowchart  of  a  main  routine 

used  by  the  CPU  in  the  Fig.  1  circuit; 
Fig.  7  shows  a  flowchart  of  an  interrupt  rou- 

tine  executed  by  the  CPU  when  the  maximum  or 
positive  peak  point  MAX  is  detected; 

I  iy.  -  .  — 
tine  executed  by  the  CPU  when  the  minimum  or 
negative  peak  point  MIN  is  detected; 

Fig.  9  shows  waveforms  of  an  input  signal  to 
the  Fig.  1  circuit,  and  of  flags; 

Figs.  10  and  11  illustrate  in  block  form  an 
overall  arrangement  of  a  second  embodiment  of 
the  present  invention; 

Fig.  12  shows  a  circuit  diagram  of  a  zero- 
cross  point  detector  used  in  the  Fig.  10  circuit; 

Fig.  13  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  of  the  Fig.  10  circuit  when  it 
receives  an  waveform  of  the  input  signal; 

Fig.  14  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  Figs..  10  and 
11  circuit  when  the  zero-cross  point  is  detected 
immediately  after  a  maximum  peak  point  is  de- 
tected; 

Fig.  15  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  Figs.  10  and 
1  1  circuit  immediately  when  the  zero-cross  point  is 
detected  after  a  minimum  peak  point  is  detected; 

Fig.  16  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  of  the  Figs.  10  and  11  circuit 

i  when  it  receives  another  waveform  of  the  input 
signal; 

Fig.  17  shows  a  flowchart  of  a  main  routine 
executed  by  the  CPU  which  is  used  in  a  circuit  of 
musical  instrument  according  to  a  third  embodi- 

o  ment  according  to  this  invention; 
Fig.  18  shows  a  timing  chart  useful  in  ex- 

plaining  the  operation  of  the  third  embodiment  cir- 
cuit  when  it  receives  an  waveform  of  the  input 
signal; 

5  Fig.  19  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  third  embodi- 
ment  circuit  when  the  zero-cross  point  is  detected 
immediately  after  a  maximum  or  positive  peak 
point  is  detected; 

to  Fig.  20  shows  a  flowchart  of  an  interrupt 
'  routine  executed  by  the  CPU  of  the  third  embodi- 

ment  circuit  when  the  zero-cross  point  is  detected 
immediately  after  a  minimum  peak  point  is  de- 
tected; 

<5  Fig.  21  illustrates  in  block  form  an  overall 
arrangement  of  a  fourth  embodiment  of  the  present 
invention; 

Fig.  22  shows  a  flowchart  of  a  main  routine 
of  the  CPU  in  the  Fig.  21  circuit; 

so  Fig.  23  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  of  the  Fig.  21  circuit  when  it 
receives  an  waveform  of  the  input  signal; 

Fig.  24  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  Fig.  21  circuit 

55  when  the  zero-cross  point  is  detected  immediately 
after  a  maximum  or  positive  peak  point  is  detected; 



5 0  264  955 6 

Fig.  25  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  Fig.  21  circuit 
immediately  when  the  zero-cross  point  is  detected 
after  a  minimum  or  negative  peak  point  is  detected; 

Fig.  26  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  of  the  Fig.  21  circuit  when  it 
receives  another  waveform  of  the  input  signal; 

Fig.  27  shows  a  block  diagram  of  a  modifica- 
tion  of  the  Fig.  21  circuit  as  the  fourth  embodiment; 

Fig.  28  shows  a  timing  chart  for  explaining 
the  operation  of  the  Fig.  27  circuit; 

Fig.  29  shows  a  flowchart  of  a  main  routine 
executed  by  the  CPU  which  is  used  in  a  circuit  of 
musical  instrument  according  to  a  fifth  embodiment 
according  to  this  invention; 

Fig.  30  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  of  the  fifth  embodiment  cir- 
cuit  when  it  receives  an  waveform  of  the  input 
signal; 

Fig.  31  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  fifth  embodi- 
ment  circuit  when  the  zero-cross  point  is  detected 
immediately  after  a  maximum  or  positive  peak 
point  is  detected; 

Fig.  32  shows  typical  waveforms  to  which 
the  musical  instrument  according  to  a  sixth  em- 
bodiment  is  applicable  with  the  improved  response; 

Fig.  33  shows  a  circuit  arrangement  of  the 
sixth  embodiment  of  a  musical  instrument  accord- 
ing  to  this  invention; 

Fig.  34  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  in  the  sixth  embodi- 
ment; 

Figs.  35A  and  35B  show  a  flowchart  of  a 
main  routine  of  the  CPU  in  the  sixth  embodiment; 

Fig.  36  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  for  sounding  start  when  the 
musical  instrument  of  the  sixth  embodiment  re- 
ceives  a  waveform  of  an  input  signal; 

Fig.  37  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  for  sounding  start  when  the 
musical  instrument  of  the  sixth  embodiment  re- 
ceives  another  waveform  of  an  input  signal; 

Fig.  38  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  for  muting  when  the  musical 
instrument  of  the  sixth  embodiment  receives  a 
waveform  of  an  input  signal; 

Fig.  39  shows  a  waveform  possibly  causing 
an  erroneous  operation  in  extracting  the  pitch  of  an 
input  signal  waveform,  this  erroneous  operation 
problem  being  solved  by  a  seventh  embodiment  of 
the  present  invention; 

Figs.  40A  and  40B  show  a  main  routine 
executed  by  the  CPU  in  the  seventh  embodiment; 

Fig.  41  shows  a  timing  chart  for  explaining 
the  operation  of  the  seventh  embodiment; 

Fig.  42  shows  a  flowchart  of  a  main  routine 
executed  by  the  CPU  in  an  eighth  embodiment; 

Fig.  43  shows  a  timing  chart  for  explaining 
the  operations  of  the  eighth  embodiment; 

Fig  44  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  eighth  embodi- 

5  ment  when  the  zero-cross  point  is  detected  imme- 
diately  after  a  maximum  or  positive  peak  is  de- 
tected; 

Fig.  45  shows  a  flowchart  of  an  interrupt 
routine  executed  by  the  CPU  of  the  eighth  embodi- 

ro  ment  immediately  when  the  zero-cross  point  is 
detected  after  a  minimum  or  negative  peak  point  is 
detected; 

Figs.  46A  and  46B  show  a  flowchart  of  a 
main  routine  of  the  CPU  in  a  ninth  embodiment; 

75  Fig.  47  shows  a  timing  chart  useful  in  ex- 
plaining  the  operation  for  sounding  start  when  the 
musical  instrument  of  the  ninth  embodiment  re- 
ceives  a  waveform  of  an  input  signal; 

Fig.  48  shows  a  timing  chart  useful-  in  ex- 
20  plaining  the  operation  for  sounding  start  when  the 

musical  instrument  of  the  ninth  embodiment  re- 
ceives  another  waveform  of  an  input  signal; 

Fig  49  is  a  timing  chart  showing  the  opera- 
tion  of  the  ninth  embodiment  when  it  does  not 

25  perform  the  muting  operation; 
Fig.  50  shows  the  waveform  for  explaining 

the  technical  problems  to  be  solved  by  the  tenth 
embodiment  according  to  the  present  invention; 

Fig.  51  shows  a  block  diagram  of  a  tenth 
30  embodiment; 

Fig.  52  shows  a  set  of  waveforms  of  the 
signals  at  the  key  portions  in  the  tenth  embodi- 
ment; 

Figs.  53A  and  53B  show  a  timing  chart  a 
35  flowchart  of  a  main  routine  executed  by  the  CPU 

used  in  the  tenth  embodiment; 
Fig.  54  shows  a  timing  chart  for  explaining 

the  muting  operation  when  the  mute  is  executed  in 
the  tenth  embodiment; 

40  Figs.  55A  and  55B  show  a  flowchart  of  a 
main  routine  by  the  CPU  used  in  a  11th  embodi- 
ment  according  to  the  present  invention; 

Fig.  56  shows  a  time  chart  for  explaining  the 
operation  of  the  11th  embodiment; 

45  Fig.  57  shows  a  block  diagram  of  a  circuit 
arrangement  of  a  12th  embodiment  according  to 
the  present  invention; 

Fig.  58  shows  a  flowchart  of  a  routine  ex- 
ecuted  in  response  to  an  interrupt  signal  from  a 

so  timer  used  in  the  Fig.  57  circuit;  and 
Figs.  59A  and  59B  show  a  flowchart  showing 

a  main  routine  executed  by  the  CPU  in  the  Fig.  57 
circuit. 

55 
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st  Embodiment 

The  first  embodiment  of  the  present  invention 
ivides  the  improvements  of  electronic  musical 
truments  of  the  type  in  which  the  period  of  an 
>ut  signal  waveform  is  obtained  from  the  maxi- 

im  peak  point  MAX,  i.e.,  the  positive  peak  point, 
j  the  minimum  peak  point,  i.e.,  the  negative 
ak  point.  The  positive  and  negative  peak  points 
i  referred  to  as  maximum  and  minimum  peak 
ints  in  the  present  specification  and  drawings, 
spectively. 

Description  of  Arrangement 

Overall  circuit  arrangement 

An  overall  circuit  arrangement  of  a  musical 
strument  according  to  the  present  invention  is 
jstrated  in  Fig.  1.  In  the  first  embodiment,  the 
esent  invention  is  embodied  in  an  electronic  gui- 
r.  Vibrations  of  six  strings  of  the  electronic  guitar 
e  picked  up  by  pickups  (not  shown).  The  pickups 
Dnvert  the  mechanical  vibrations  of  the  strings  into 
lectrical  signals.  These  signals  as  musical  tone 

ignals  are  input  to  six  input  terminals  1.  These 

iput  signals  are  amplified  by  amplifiers  2,  and 

pplied  to  low-pass  filters  3.  These  filters  respec- 
vely  remove  the  high  frequency  components  of 
lese  signals  to  extract  the  fundamental  waveform 
f  these  input  signals.  Each  of  the  input  signal  of 

ie  fundamental  waveform  is  applied  to  maximum 
leak  detector  (MAX)  4  and  minimum  peak  detector 
MIN)  5.  Low-pass  filter  3  is  designed  so  that,  as 
;hown  in  Fig.  5.  the  cut-off  frequency  is  set  at  4f, 
our  times  the  frequency  f  of  the  vibration  of  the 

)pen  string  of  each  string,  viz.,  when  each  string  is 
jicked  without  the  fret  operation.  Such  selection  of 
he  cutoff  frequency  is  due  to  the  fact  that  the 

guitar  has  generally  frets  of  about  two  octaves. 
Each  of  the  maximum  peak  detectors  4  detects  the 
@naximum  peak  points  of  the  input  signal.  The 

pulse  signals  representing  the  peak  detections  are 
used  as  interrupt  command  signals  INTal  to 
INTa6,  and  transferred  to  CPU  6.  Minimum  peak 
detectors  5  detect  each  the  minimum  peak  point  of 
the  input  signal.  The  pulse  signals  representative  of 

peak  detections  are  transferred  to  CPU  6  in  the 
form  of  interrupt  command  signals  INTbl  to  INTb6. 

When  CPU  6  receives  the  interrupt  command 

signals  INTal  to  INTa6  representing  the  maximum 
peak  points  detections  appearing  immediately  after 
the  interrupt  command  signals  INTbl  to  INTb6 
representing  the  minimum  peak  points  detections, 
CPU  6  calculates  a  count  difference  between  the 

present  maximum  peak  points  and  those  previously 
obtained  in  a  similar  way.  When  CPU  6  receives 

LI  |(IIV/iiu|̂ i  -  —  —  -  —  ±j 
appearing  immediately  after  the  interrupt  command 

signals  INTal  to  INTa6,  CPU  6  similarly  obtains  a 
count  difference  between  the  minimum  peak  points 
and  those  previously  obtained  in  a  similar  way. 
Every  time  both  the  command  signals  INT  are 
applied  to  counter  7,  the  counts  of  counter  7  are 
stored  into  in-maximum  memory  14  and  in-mini- 

mum  memory  15,  respectively. 
The  time  count  data  representative  of  the  dif- 

ference  of  the  counts  as  counted  by  counter  7  is 
transferred  by  CPU  6,  directly  or  after  it  is  con- 
verted  into  a  pitch  code,  to  frequency  ROM  8.  The 

frequency  data  representing  a  frequency  whose 

period  is  defined  by  this  count  data,  is  read  out, 
and  transferred  to  sound  source  circuit  9.  Sound 

source  circuit  9  forms  a  musical  tone  signal  based 

on  the  frequency  data.  Receiving  this  signal,  sound 

system  10  sounds  the  musical  tone.  The  sound 

source  circuit  9  may  be  set  inside  or  outside  the 

guitar  main  frame. 
Six  musical  tone  signals  from  low-pass  filters  3 

are  transferred  through  transfer  gates  T  to  A/D 
converter  11.  The  A/D  converter  11  converts  these 

i  signals  into  digital  data  based  on  the  waveform 
levels.  The  digital  data  is  applied  to  CPU  6.  When 
the  absolute  values  of  the  waveform  level  data 
exceeds  a  predetermined  level,  CPU  6  sends  the 
data  as  obtained  from  the  count  of  counter  7,  to 

3  frequency  ROM  8,  to  start  the  sounding.  When  the 
absolute  values  are  below  the  predetermined  value, 
CPU  6  terminates  the  sending  of  the  data  to  fre- 

quency  ROM  8,  to  stop  the  sounding.  The 
waveform  level  data  is  also  applied  to  sound 

5  source  circuit  9  to  control  the  musical  tone  soun- 
ding  level.  This  indicates  that  the  volume  is  control- 
lable  according  to  the  touch  force  to  the  string. 

Staggered  channel  timing  signals  tl  to  t6  are 
applied  to  the  transfer  gates  T,  so  that  the  soun- 

io  ding  levels  of  the  six  musical  tone  signals  for  the 
six  strings  of  the  guitar  are  performed  in  a  time- 
sharing  manner.  Concurrently,  six  channel  musical 
tone  generating  systems  are  formed  in  sound 

source  circuit  9,  in  a  time-sharing  manner. 
45 

2)  Maximum  and  Minimum  Peak  Detectors: 

A  circuit  configuration  of  maximum  peak  detec- 

50  tor  4  is  illustrated  in  Fig.  2.  As  shown,  the  musical 

tone  signal  is  derived  from  low-pass  filter  3,  and 

input  to  the  +  terminal  of  operational  amplifier  12. 
The  output  terminal  of  operational  amplifier  12  is 

coupled  with  the  anode  of  diode  D1.  The  cathode 

55  of  diode  D1  is  grounded  through  parallel  arranged 
capacitor  C  and  resistor  R1.  The  cathode  of  diode 
D1  is  also  coupled  with  the  -terminal  of  operational 
amplifier  12.  The  output  signal  of  operational  am- 
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plitier  \£  is  output  through  resistor  R2  and  oper- 
ational  amplifier  13.  as  interrupt  command  signals 
INTal  to  INTa6.  which  are  representative  of  maxi- 
mum  peak  detections. 

When  a  signal  with  a  waveform  as  shown  in 
Fig.  4a  is  applied  to  the  +  terminal  of  operational 
amplifier  12,  the  capacitor  C  is  charged  when  the 
signal  waveform  rises,  and  discharged  when  it  falls. 
In  turn,  the  signal  with  a  waveform  as  shown  in  Fig. 
4b  is  applied  to  the  -  terminal  of  operational  am- 
plifier  12.  Only  when  the  waveform  rises,  the  oper- 
ational  amplifier  12  produces  a  difference  between 
the  signal  levels  at  the  +  and  -  terminals.  This 
signal  is  output  as  interrupt  command  signal  INTa 
shown  in  Fig.  4c.  The  interrupt  processing  starts  at 
the  trailing  edge  of  the  pulsative  signal  of  Fig.  4c. 

A  specific  configuration  of  minimum  peak  de- 
tector  5  is  shown  in  Fig.  3.  The  circuit  configuration 
of  this  circuit  5  is  substantially  the  same  as  that  of 
the  maximum  peak  detector  4  as  mentioned  above, 
except  for  the  connection  of  diode  D2  being  op- 
posite.  Accordingly,  capacitor  C  repeats  the 
charge/discharge  in  the  opposite  directions  as 
shown  in  Fig.  4d.  Finally,  the  interrupt  command 
signal  INTb  as  shown  in  Fig.  4e  is  obtained. 

2.  Description  of  Operation: 

The  operation  of  the  above-mentioned  first  em- 
bodiment  of  the  present  invention  will  be  de- 
scribed. 

i  )  in  Waveform  Rising: 

Upon  power  on,  CPU  6  starts  a  main  routine  as 
illustrated  in  Fig.  6.  In  step  A1,  CPU  6  initializes  the 
related  circuits  in  the  electronic  musical  instrument 
Df  the  embodiment.  In  step  A2,  it  fetches  the  value 
Df  A/D  converter  11.  CPU  6  continues  the  note  off 
processing  unless  the  signal  from  the  converter  1  1 
3xceeds  a  predetermined  level.  See  step  A3  and 
A4.  If  a  player  picks  the  guitar  string,  a  musical 
tone  signal  at  a  level  larger  than  the  predetermined 
level  as  shown  in  Fig.  9  is  input  to  A/D  converter 
1  1  (step  A3),  CPU  6  advances  to  step  A5  where  it 
sxecutes  the  frequency  control  processing.  The 
frequency  control  processing  is  a  musical  tone 
sounding  processing  in  which  the  data  from  coun- 
:er  7  is  directly  applied  to  frequency  ROM  8  or  the 
Ditch  code  as  indicated  by  the  fret  number  ex- 
xacted  on  the  basis  of  that  data  is  applied  to 
requency  ROM  8.  So  long  as  the  musical  tone 
evel  is  above  the  predetermined  level,  CPU  6 
:ontinues  this  sounding  processing  (steps  A2,  A3 
and  A5).  The  count  data  of  counter  7  is  set  through 
:he  interrupt  processing  as  given  later. 

2)  At  maximum  peak  point  MAX1 

Let  us  consider  now  that  the  waveform  of  the 
musical  tone  signal  rises  and  reaches  the  first 

5  maximum  peak  point  denoted  as  MAX1  in  Fig.  9. 
At  the  maximum  peak  point,  maximum  peak  detec- 
tor  4  produces  interrupt  command  signal  INTa  re- 
presenting  the  maximum  peak  point  detection,  and 
applies  it  to  CPU  6.  In  response  to  this  signal,  CPU 

70  6  starts  the  interrupt  processing  shown  in  Fig.  7. 
CPU  6  fetches  the  count  of  counter  7  in  step  B1  .  In 
step  B2,  the  CPU  checks  whether  or  not  the 
waveform  having  the  detected  maximum  peak  point 
is  the  first  wave.  Since  it  is  now  immediately  after 

75  the  tone  waveform  rises,  that  waveform  is  the.  first 
wave.  The  CPU  advances  to  step  B5  to  set  flag 
"1",  and  further  to  set  in  in-maximum  memory  14 
the  count  of  counter  7  as  fetched  in  step  B1  .  "1  "  of 
flag  indicates  that  the  maximum  peak  point  has 

20  been  detected.  The  cleared  flag  "0"  indicates  that 
the  minimum  peak  point  has  been  detected. 

2)  At  maximum  peak  point  MAX2 
25 

It  is  assumed  that  the  waveform  level  reaches 
the  second  maximum  peak  point  denoted  as  MAX2 
in  Fig.  9.  At  the  maximum  peak  point,  maximum 
peak  point  detector  4  applies  interrupt  command 

30  signal  INTa  indicating  the  maximum  peak  detection 
to  CPU  6.  Then,  CPU  6  starts  the  interrupt  pro- 
cessing  shown  in  Fig.  7,  again.  CPU  6  fetches  the 
count  of  counter  7,  and  checks  if  the  present 
waveform  is  the  first  wave  (step  B2).  Since  the 

35  present  wave  is  not  the  first  one,  the  CPU  ad- 
vances  to  step  B3,  and  checks  if  the  flag  is  "0". 
Since  the  flag  is  "1"  at  the  first  maximum  peak 
point  MAX1,  the  CPU  terminates  the  present  pro- 
cessing,  without  executing  the  period  computing 

40  processing  for  obtaining  the  frequency  data. 
In  this  way,  the  frequency  data  is  not  mis- 

takenly  obtained,  whose  one  period  is  the  differ- 
ence  between  the  count  data  at  the  maximum  peak 
points  MAX1  and  MAX2,  and  the  time  count  at  the 

45  maximum  peak  point  MAX1  is  left  stored  in  in- 
maximum  memory  14. 

3)  At  minimum  peak  point  MIN 
50 

When  the  minimum  peak  point  MIN  is  reached 
(Fig.  9),  minimum  peak  detector  5  produces  inter- 
rupt  command  signal  INTb  representing  the  mini- 
mum  peak  point  detection,  and  applies  it  to  CPU  6. 

55  Upon  receipt  of  this,  CPU  6  starts  the  interrupt 
processing  shown  in  Fig.  8.  In  step  C1,  CPU  6 
fetches  the  count  of  counter  7,  and  check  if  the 
waveform  at  the  minimum  peak  point  is  the  first 

5 
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wave  (step  C2).  In  this  instance,  the  waveform  is 
:he  first  waveform,  and  then  CPU  6  proceeds  to 
step  C5.  In  this  step,  the  flag  is  cleared  to  be  "0", 
and  sets  in  in-minimum  memory  15  the  count  of 
counter  7,  which  has  been  fetched  in  step  C1  . 

The  judging  processes  in  step  B2  is  performed 
in  the  following  way.  When  the  waveform  level  data 
derived  from  A/D  converter  1  1  exceeds  a  predeter- 
mined  level,  the  first  wave  flag  "1"  is  set.  When 
interrupt  command  signal  INTb  for  minimum  peak 
detection  is  then  applied  to  the  CPU,  the  first  wave 
flag  is  cleared  to  "0".  In  steps  B2  and  C2,  the  CPU 
6  checks  whether  or  not  the  wave  flag  is  set. 

4)  Period  Calculation  at  the  Maximum  peak  Point 
MAX1 

When  the  input  signal  waveform  increases  to 
reach  the  maximum  peak  point  MAX1,  maximum 
peak  detector  4  applies  interrupt  signal  INTa  repre- 
senting  the  maximum  peak  point  detection  to  CPU 
6.  CPU  6  fetches  the  count  of  counter  7  in  step  B1  , 
and  confirms  in  step  B2  that  the  waveform  at  the 
maximum  peak  point  MAX1  is  not  the  first  wave, 
and  checks  if  the  flag  is  "0"  in  step  B3.  Since  the 
flag  is  "0"  at  the  minimum  peak  point  MIN  imme- 
diately  before  the  maximum  point  MAX1,  CPU  6 
advances  step  B4,  and  in  this  step  reads  out  the 
time  count  data  from  in-maximum  memory  14,  and 
subtracts  it  from  the  this-time  count  data  as  has 
been  read  out  in  step  B1,  and  finally  obtains  the 
data  of  the  subtraction  result.  As  a  result,  in  step 
A5,  CPU  6  applies  the  subtraction  result  data  to 
frequency  ROM  8,  and  controls  the  system  of  the 
musical  instrument  so  that  it  produces  a  musical 
tone  with  the  frequency  whose  period  ranges  from 
the  maximum  peak  point  MAX1  to  the  next  maxi- 
mum  peak  point  MAX1.  Following  the  above  pro- 
cessing,  CPU  6  sets  the  flag  to  "1",  and  sets  the 
this-time  time  count  data  into  in-maximum  memory 
14  (step  B5). 

In  steps  C5  and  B3,  CPU  6  checks  the  maxi- 
mum  peak  point  following  the  minimum  peak  point, 
and  measures  the  time  interval  between  the  maxi- 
mum  peak  points.  In  step  B4,  the  period  calculation 
is  progressively  executed. 

Therefore,  if  the  input  signal  waveform  contains 
two  maximum  peak  points  MAX1  and  MAX2  suc- 
cessively,  only  the  time  interval  between  two  posi- 
tive  peak  points  MAX1  and  MAX1  is  used  to  deter- 
mine  the  sounding  frequency.  The  time  interval 
between  the  successive  maximum  peak  points 
MAX1  and  MAX2  is  never  used  for  the  same 
purpose. 

5)  Period  Calculation  at  Minimum  Peak  point  MIN 

When  the  input  signal  waveform  reaches  to  the 
minimum  peak  point  MIN,  minimum  peak  detector 

5  5  applies  interrupt  signal  INTb  representing  the 
minimum  "peak  point  detection  to  CPU  6.  CPU  6 
fetches  the  count  of  counter  7  in  step  C1,  and 
confirms  in  step  C2  that  the  waveform  at  the  mini- 
mum  peak  point  MIN  is  not  the  first  wave,  and 

w  checks  if  the  flag  is  "1  "  in  step  C3.  Since  the  flag 
is  "1"  at  the  maximum  peak  point  MAX1,  CPU  6 
advances  step  C4,  and  in  this  step  reads  out  the 
time  count  data  from  in-minimum  memory  15,  and 

.subtracts  it  from  the  this-time  count  data  as  has 
is  been  read  out  in  step  C1,  and  finally  obtains  the 

data  of  the  subtraction  result.  According  to  the 
result  data,  CPU  6  reads  out  from  ROM  8  the 
frequency  data  to  give  a  musical  tone  at  the  fre- 
quency  whose  period  ranges  between  the  previous 

20  and  current  minimum  peak  points  MIN-  and  MIN. 
Following  step  C4,  CPU  6  clears  the  flag  to  "0", 
and  sets  this-time  count  data  into  in-minimum 
memory  15  (step  C5). 

In  this  way,  the  time  count  of  one  period  of  the 
25  minimum  peak  points  MIN  is  obtained  and  the 

frequency  data  is  output.  When  a  plurality  of  mini- 
mum  peak  points  continuously  appear  without 
crossing  the  zero  level,  as  in  the  previous  case  of 
the  maximum  peak  points  MAX1  and  MAX2,  CPU  6 

30  picks  up  the  minimum  peak  point  following  the 
maximum  peak  point  in  steps  B5  and.  C3,  mea- 
sures  the  time  interval  between  such  minimum 
peak  points.  In  this  way,  an  exact  period  computa- 
tion  is  performed  in  step  C4. 

35  As  described  above,  on  the  basis  of  the  time 
count  data  computed  in  steps  B4  and  C4,  the 
corresponding  frequency  data  is  output  from  fre- 
quency  ROM  8  in  step  A5.  As  a  result,  the  fre- 
quency  is  changed  two  times  (MAX1-MAX1  and 

40  MIN-MIN)  during  one  period.  This  implies  that  the 
system  of  the  musical  instrument  can  quickly  re- 
spond  to  the  frequency  variation  of  the  input  signal. 

To  stabilize  the  frequency,  the  previous  time 
count  data  is  stored  into  the  memory  in  step  A5, 

45  and  the  this-time  time  count  data  and  the  previous 
one  are  averaged.  If  the  previous  time  data  is 
greater  than  the  this-time  data  by,  for  example, 
20%  or  more,  the  previous  data  is  output. 

50 
Second  Embodiment 

1.  General 

55  A  second  embodiment  of  the  present  invention 
will  be  described.  A  new  pitch  extraction  system 
will  be  discussed  in  the  second  embodiment,  in  the 
pitch  extraction  system,  the  maximum  and/or  mini- 

7 
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mum  peaks  of  the  waveform  of  a  musical  tone,  i.e., 
an  input  signal,  are  first  detected.  Then,  zero-cross 
points  immediately  after  the  maximum  or  minimum 
peaks  are  detected.  A  time  interval  between  the 
detected  zero-cross  points  is  obtained.  Finally,  the 
pitch  of  the  input  signal  waveform  is  obtained  using 
the  time  interval. 

More  specifically,  the  time  interval  (t1)  between 
the  zero-cross  points  first  appearing  respectively 
after  the  maximum  peaks  are  detected,  or  the  time 
interval  (t2)  between  the  zero-cross  points  first  ap- 
pearing  after  the  the  minimum  peaks  are  detected, 
is  detected.  The  detected  time  interval  or  intervals 
are  used  for  the  pitch  extraction.  The  pitch  extrac- 
tion  is  exact  with  a  simple  construction. 

2.  Description  of  Arrangement 

An  arrangement  of  the  second  embodiment  of 
the  present  invention  will  be  described  referring  to 
Figs.  10  to  15.  In  those  figures,  like  symbols  are 
used  for  designating  like  or  equivalent  portions  in 
those  of  the  first  embodiment. 

1  )  Overall  circuit  arrangement 

Reference  is  made  to  Figs.  10  and  12  illustrat- 
ing  an  overall  circuit  arrangement  of  the  second 
embodiment.  Each  maximum  peak  detectors  4  de- 
tects  the  maximum  peak  point  of  an  input  signal 
waveform.  At  the  trailing  edge  of  the  detected 
pulse  signal,  flip-flop  (FF)  214  located  at  the  post 
stage  of  each  detector  4  outputs  the  Q  output  at 
high  level.  The  output  signal  of  FF  214  and  the 
inverted  output  of  inverter  230  coupled  with  zero- 
cross  point  detector  206  are  applied  to  AND  gate 
224.  The  output  signal  from  AND  gate  224  is 
applied  as  interrupt  signal  INTan  (where  n  is  any  of 
1  to  6  figures)  to  CPU  200. 

Similarly,  each  minimum  peak  detectors  5  de- 
tects  the  minimum  peak  point  of  an  input  signal 
waveform.  At  the  leading  edge  of  the  detected 
pulse  signal,  flip-flop  (FF)  215  located  at  the  post 
stage  of  each  detector  5  outputs  the  Q  output  at 
high  level.  The  output  signal  of  FF  215  and  the 
inverted  output  of  inverter  230  coupled  with  zero- 
cross  point  detector  206  are  applied  to  AND  gate 
225.  The  output  signal  from  AND  gate  225  is 
applied  as  interrupt  signal  INTbn  (where  n  is  any  of 
1  to  6  figures)  to  CPU  200. 

Thus,  when  the  maximum  peak  point  is  de- 
tected  and  FF  214  is  logical  high  at  the  Q  output,  if 
the  waveform  crosses  the  zero  level  from  the  posi- 
tive  domain  to  the  negative  domain,  interrupt  signal 
INTan  is  applied  to  CPU  200.  When  the  minimum 
peak  point  is  detected  and  FF  21  5  is  logical  high  at 

the  Q  output,  if  the  waveform  crosses  the  zero 
level  from  the  negative  domain  to  the  positive 
domain,  interrupt  signal  INTbn  is  applied  to  CPU 
200. 

5  Immediately  after  receiving  the  interrupt  signal 
INTan  or  INTbn,  CPU  200  applies  clear  signal 
CLan  (where  n  is  any  of  1  to  6)  or  CLbn  to  FF214 
or  215.  In  turn,  the  corresponding  FF  is  reset. 
Accordingly,  until  the  next  maximum  or  minimum 

w  peak  point  is  detected,  even  if  the  waveform 
crosses  the  zero  level  any  number  of  times,  the 
corresponding  FF  remains  reset,  and  therefore 
CPU  200  is  never  interrupted. 

When  CPU  200  receives  interrupt  signal  INTan 
75  for  the  zero-cross  point  encountered  immediately 

after  the  maximum  peak  point  is  detected,  CPU 
200  computes  a  difference  between  the  present 
count  of  counter  7  and  that  of  counter  7  as  the 
waveform  previously  crosses  the  zero  level  imme- 

20  diately  after  the  maximum  peak  point.  Similarly, 
when  interrupt  signal  INTbn  is  generated,  CPU  200 
computes  a  difference  between  the  present  count 
of  counter  7  and  that  of  counter  7  as  the  waveform 
previously  crosses  the  zero  level  immediately  after 

25  the  minimum  peak  point.  Every  time  interrupt  sig- 
nals  INTan  and  INTbn  are  generated,  CPU  200 
stores  the  counts  of  counter  7  into  in-maximum 
memory  201  and  in-minimum  memory  202,  re- 
spectively.  The  time  count  data  as  the  count  dif- 

30  ference  is  transferred  from  CPU  200  to  frequency 
ROM  8,  directly  or  after  it  is  converted  into  a  key 
code.  The  frequency  data  with  one  period  of  the 
counter  data  is  read  out,  and  sent  to  sound  source 
circuit  9.  where  a  musical  tone  signal  is  generated. 

35  Sound  system  1  0  receives  this  and  starts  the  soun- 
ding  of  the  musical  tone. 

2)  Zero-cross  point  detector  206 
40 

The  arrangement  of  zero-cross  point  detector 
206  will  be  described.  In  Fig.  12  illustrating  a 
specific  circuit  arrangement  of  zero-cross  point  de- 
tector  206,  the  musical  tone  signal  derived  from 

45  low-pass  filter  3  is  applied  to  the  +  terminal  of 
operational  amplifier  206-1.  The  -  terminal  of  the 
operational  amplifier  is  grounded.  The  output  signal 
of  operational  amplifier  206-1  is  output  by  way  of 
resistor  R5  and  another  operational  amplifier  206-2. 

50  For  a  positive  input  signal,  operational  amplifier 
206-2  outputs  a  logical  high  signal.  For  a  negative 
input  signal,  amplifier  206-2  outputs  a  logical  low 
signal.  This  indicates  that  every  time  the  waveform 
of  the  signal  signal,  i.e.,  musical  tone,  crosses  the 

55  zero  level,  the  logical  level  at  the  output  of  the 
operational  amplifier  206-2  is  inverted. 

B 
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.  Description  of  Operation 

The  operation  of  the  second  embodiment  of 
ie  present  invention  will  be  described. 

The  main  routine  used  in  this  embodiment  is 
ie  same  as  that  of  Fig.  6,  and  hence  it  is  not 
escribed  here.  The  description  of  operation  will  be 
iven  in  connection  with  the  interrupt  routines. 

A  player  picks  one  of  strings  of  the  guitar,  and 
musical  tone  with  a  waveform  as  shown  in  Fig. 

3(a)  is  generated.  The  musical  tone  waveform 
aries  and  ascends  to  reach  a  maximum  peak  point 
/IAX1.  At  this  time,  maximum  peak  detector  4 
enerate  a  signal  as  shown  in  Fig.  13(b).  This 
ignals  renders  the  output  of  FF  214  high  in  logical 
svel  (Fig.  13(e)).  At  the  zero-cross  point  Zero  1 
Fig.  13(c)).  the  zero-cross  point  detection  output  of 
ero-cross  point  detector  206  is  inverted  (Fig.  13- 
c)).  At  this  time,  AND  gate  224  applies  interrupt 
iignal  INTa  to  CPU  200.  Upon  receipt  of  this  sig- 
lal,  CPU  200  starts  the  interrupt  processing. 

The  interrupt  routine  is  the  same  as  that  of  Fig. 
'  illustrated  in  connection  with  the  first  embodi- 
nent.  except.  for  step  B10.  Hence,  the  interrupt 
outine  will  be  described  in  brief. 

CPU  200  resets  FF  214  in  step  B10,  and  reads 
n  the  count  of  counter  7,  and  checks  if  the  present 
vave  of  the  input  signal  waveform  is  the  first  wave 
n  step  B2.  Since  the  musical  tone  waveform  has 
seen  just  risen  and  therefore  the  present  waveform 
s  the  first  wave,  CPU  200  advances  to  step  B5  and 
sets  flag  to  "1  and  sets  the  count  of  counter  7  as 
-ead  out  in  step  B1  into  in-maximum  memory  201. 
When  the  input  signal  with  the  waveform  as  shown 
in  Fig.  13(a)  is  input  to  the  musical  instrument, 
zero-cross  point  detector  6  produces  the  inverted 
output  signal  as  shown  in  Fig.  13(c)  every  time  the 
zero-cross  points  Zero  2  and  Zero  3  are  succes- 
sively  detected. 

At  this  time,  however,  FF  214  has  been  reset  in 
step  B10,  and  no  interrupt  signal  INTb  is  produced. 

When  the  minimum  peak  point  MINI  shown  in 
Fig.  13(a)  is  reached,  minimum  peak  detector  5 
produces  a  peak  detection  signal,  and  sets  FF  215 
by  the  signal.  At  the  next  zero-cross  point  (Zero  4), 
the  output  signal  of  zero-cross  point  detector  206  is 
inverted,  and  AND  gate  225  applies  interrupt  signal 
INTb  to  CPU  200.  CPU  200  starts  the  interrupt 
processing  shown  in  Fig.  15. 

This  interrupt  routine  of  Fig.  15  is  also  substan- 
tially  the  same  as  that  of  Fig.  8,  except  step  C10. 
This  routine  will  be  described  in  brief.  CPU  200 
resets  FF  215  in  step  C10,  fetches  the  count  of 
counter  7,  and  checks  if  the  present  wave  of  the 
waveform  is  the  first  wave  in  step  C2.  The  wave 
containing  the  zero-cross  point  succeeding  to  the 

minimum  peak  point  is  tne  nrsi  wave,  men,  o r u  
200  advances  to  step  C5  and  clears  the  flag  to  "0", 
and  stores  the  count  of  counter  7  as  read  out  in 
step  C10  into  in-minimum  memory  202. 

When  the  zero-cross  point  (Zero  5)  succeeding 
to  the  maximum  peak  point  MAX2  shown  in  Fig. 
13(a)  is  reached,  interrupt  signal  INTa  for  the  de- 
tection  of  the  zero-cross  point  following  the  maxi- 
mum  peak  point  is  generated,  and  CPU  200 

o  fetches  the  count  of  counter  7  in  step  B10.  In  step 
B2,  if  the  CPU  confirms  that  the  present  wave  is 
not  the  first  wave.  Then,  in  step  B3,  the  CPU 
checks  if  the  flag  is  "0".  Since  the  flag  has  been 
cleared  to  "0"  at  the  zero-cross  point  (Zero  4) 

5  immediately  after  the  previous  minimum  peak  point 
MINI,  CPU  200  advances  to  step  B4,  and  reads 
out  the  time  count  data,  which  has  been  saved  into 
in-maximum  memory  201  at  the  zero-cross  point 
(Zero  1)  immediately  after  the  maximum  peak  point 

o  MAX1  one  period  before,  and  subtracts  the  time 
count  data  read  out  this  time  from  that  read  out  in 
step  B1,  to  have  the  subtraction  result  data.  As  a 
result,  in  step  A5  of  the  main  routine,  the  resultant 
data  is  applied  to  frequency  ROM  8,  and  the  musi- 

cs  cal  instrument  is  controlled  so  as  to  sound  the 
musical  tone  at  the  frequency  whose  period  ranges 
from  the  zero-cross  point  (Zero  1  )  to  the  zero-cross 
point  (Zero  5).  Succeeding  to  this  processing,  CPU 
200  sets  the  flag  "1  ".  and  sets  the  this-time  time 

w  count  data  into  in-maximum  memory  201  (step 
B5). 

In  this  way,  the  zero-cross  point  immediately 
after  the  maximum  peak  point  is  checked  in  steps 
C5  and  B3  and  the  time  interval  (t1)  only  between 

35  these  zero-cross  points  is  measured,  and  the  pe- 
riod  calculation  is  performed  in  step  B4. 

Similarly,  the  zero-cross  points  (Zero  6  and 
Zero  7)  are  ignored.  In  response  to  input  signal  as 
the  interrupt  signal  INTb,  which  is  generated  upon 

40  detection  of  the  zero-cross  point  (Zero  8)  imme- 
diately  after  the  minimum  peak  point  detection, 
CPU  200  the  routine  of  Fig.  15.  The  time  interval 
(t2)  from  the  previous  zero-cross  point  (Zero  4)  to 
the  present  zero-cross  point  (Zero  8)  is  used  as  the 

45  pitch  data. 
Thus,  the  time  interval  (t1),  i.e.,  Zero  1  —  Zero 

5,  between  the  zero-cross  points  immediately  after 
the  maximum  detection  points,  and  the  time  inter- 
val  (t2),  i.e..  Zero  4  —  Zero  8,  between  the  zero- 

so  cross  points  immediate  after  the  minimum  point 
detections,  are  obtained.  In  other  words,  the  fre- 
quency  change  is  performed  two  times  during  one 
period  in  the  same  manner  as  in  the  first  embodi- 
ment.  Therefore,  the  musical  instrument  can  quick- 

55  ly  respond  to  the  frequency  change  of  the  input 
signal. 

a 
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As  described  above,  in  the  musical  instrument 
of  this  embodiment,  if  the  waveform  as  shown  in 
Fig.  16(a)  is  input,  the  zero-cross  points  Zero  12 
and  Zero  14  are  ignored  with  the  function  of  the 
flag  in  the  Fig.  1  5  flow. 

More  specifically,  if  the  signals  for  zero-cross 
points  Zero  12  and  Zero  14  come  in  as  the  inter- 
rupt  signal  INTa,  the  flag  has  been  set  to  "1  "  when 
these  signals  arrive  (step  B5),  and  therefore,  the 
answer  to  step  B3  is  NO,  and  hence  no  period 
calculation  is  performed.  In  this  way,  the  zero-cross 
points  are  successively  detected  after  the  maxi- 
mum  peaks  are  detected,  these  are  ignored  by  the 
flag,  removing  the  effects  by  the  harmonics. 

To  stabilize  the  frequency,  in  step  A5,  the 
previous  time  count  data  is  stored  into  the  mem- 
ory,  and  the  this-time  time  count  data  and  the 
previous  one  are  averaged.  If  the  previous  time 
data  is  greater  than  that  of  this-time  by,  for  exam- 
ple.  20%  or  more,  the  previous  data  is  output.  The 
period  calculations  based  on  the  zero-cross  point 
detection  immediately  after  the  maximum  and  mini- 
mum  peak  points  detections,  may  be  selectively 
performed  in  a  manner  that  the  period  calculation 
based  on  the  zero-cross  point  immediately  after  the 
maximum  peak  point  detection  is  executed  for  the 
waveform  which  rises  at  the  start  point  and  that 
based  on  the  zero-cross  point  immediately  after  the 
minimum  peak  point  detection  is  executed  for  the 
waveform  which  falls  at  the  start  point.  Such  ar- 
rangement  provides  a  quick  response  at  the  start  of 
the  sounding. 

As  described  above,  in  the  embodiment  as 
mentioned  above,  CPU  6  can  execute  an  appro- 
priate  processing  as  the  step  A5  processing  shown 
in  Fig.  6.  The  selection  of  the  appropriate  process- 
ing  can  be  made  by  modifying  the  program  for 
CPU  6,  and  not  requiring  any  modification  of  the 
hardware,  i.e.,  the  external  circuit  of  CPU  6.  There- 
fore,  the  musical  instrument  of  this  embodiment  is 
excellent  in  flexibility  of  use,  and  can  easily  be 
designed  so  as  to  have  so-called  intelligent  func- 
tions. 

In  the  second  embodiment,  the  time  intervals 
(t1)  and  (t2)  respectively  between  the  zero-cross 
points  immediately  after  the  maximum  and  mini- 
mum  peak  points  are  both  obtained,  but  the  musi- 
cal  instrument  is  operable  with  satisfactory  perfor- 
mances,  if  one  of  them  is  used.  If  so  done,  the 
combination  of  maximum  peak  detector  4,  FF  214, 
AND  gate  224  and  inverter  230  or  the  combination 
of  maximum  peak  detector  5,  FF  215,  and  AND 
gate  225  may  be  omitted,  simplifying  the  circuit 
amplification  of  the  musical  instrument. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 

signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 

5  sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 
koto  (Japanese  string  instrument). 

70  As  seen  from  the  foregoing  description,  there 
is  provided  an  musical  instrument  of  the  type  in 
which  the  frequency  of  a  natural  sound  signal  is 
detected,  and  the  detected  frequency  signals  are 
subjected  to  an  appropriate  digital  data  processing 

75  for  artificial  sound  generation.  In  the  musical  instru- 
ment,  the  time  interval  (t1)  between  the  zero-cross 
points  immediately  after  the  successive  maximum 
peak  points  and  the  time  interval  (t2)  immediately 
after  the  successive  zero-cross  points  are  detected. 

20  The  time  interval  or  intervals  are  appropriately  pro- 
cessed  for  pitch  extraction.  With  this  feature,  the 
frequency  data  can  be  obtained  more  exactly  and 
speedy.  Further,  a  flexible  design  of  this  instrument 
is  allowed. 

25  In  the  second  embodiment,  the  time  intervals 
(tl)  and  (t2)  respectively  between  the  zero-cross 
points  immediately  after  the  maximum  and  mini- 
mum  peak  points,  are  both  obtained,  but  the  musi- 
cal  instrument  is  operable  with  satisfactory  perfor- 

30  mances,  if  one  of  them  is  used.  If  so  done,  the 
combination  of  maximum  peak  detector  4,  FF  214, 
AND  gate  224  and  inverter  230  or  the  combination 
of  maximum  peak  detector  5,  FF  215,  and  AND 
gate  225  may  be  omitted,  simplifying  the  circuit 

35  amplification  of  the  musical  instrument.  - 

Third  Embodiment 

40  1.  General 

A  third  embodiment  of  an  electronic  guitar  ac- 
cording  to  the  present  invention  will  be  described 
referring  to  Figs.  17  to  20.  The  second  embodi- 

45  ment  provides  the  improvements  of  the  time,  i.e., 
the  response  time,  which  is  required  from  the  in- 
putting  of  an  input  signal  waveform  till  the  elec- 
tronic  guitar  starts  the  sounding  of  the  input  musi- 
cal  tone,  thereby  to  eliminate  the  unnatural  feeling 

so  of  sounded  musical  tones. 
To  attain  the  improvements,  the  electronic  gui- 

tar  of  the  second  embodiment  detects  the  inputting 
of  an  input  signal,  and  gives  a  command  to  first 
generate  a  musical  tone  at  a  predetermined  pitch, 

55  extracts  the  pitch  of  the  input  signal  waveform  by  a 
pitch  extracting  means,  and  gives  a  command  to 
change  the  pitch  of  the  musical  tone  to  the  pitch  of 
the  input  signal  waveform. 

10 
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More  specifically,  in  the  case  of  the  electronic 
uitar.  it  is  preferable  to  use  for  the  predetermined 
itch,  the  pitch  of  a  musical  tone  generated  from 
ie  open  string,  i.e.,  when  the  string  is  picked 
'ithout  touching  the  fret.  For  other  types  of  musical 
istruments,  the  pitch  of  a  low  pitched  sound  is 
referably  used  for  the  reference  pitch,  or  the 
redetermined  pitch. 

Before  pitch  extraction,  a  musical  tone  is  gen- 
irated  at  a  predetermined  pitch,  and  after  the  pitch 
ixtraction,  the  pitch  of  the  musical  tone  is  changed 
3  the  extracted  pitch.  In  this  case,  if  the  frequency 
if  the  first  generated  musical  tone  can  be  discrimi- 
lated  by  human,  he  hears  it  with  very  unnatural 
eelings.  In  this  respect,  the  first  generated  musical 
one  must  be  selected  to  be  within  one  wave  length 
one  period).  A  low  pitched  sound  should  be  first 
jutput. 

!.  Description  of  Arrangement  and  Operation 

The  arrangement  of  the  third  embodiment  is 
substantially  the  same  as  that  of  the  second  em- 
jodiment  illustrated  in  Figs.  10  and  11.  Only  the 
jifference  of  the  third  embodiment  from  the  second 
smbodiment  resides  in  the  processings  executed 
Dy  CPU  200.  Hence,  the  description  will  be  given 
jmphasizing  on  the  operation  of  the  guitar  system. 

A  main  routine  executed  by  CPU  200  is  shown 
n  Fig.  17.  The  main  routine  is  constructed  on  the 
Dasis  of  the  idea  substantially  equal  to  that  of  the 
first  embodiment  (Fig.  6).  Only  the  difference  of  it 
will  be  described  with  different  symbols  used. 

In  step  A1,  the  system  of  the  electronic  guitar 
is  initialized.  In  step  A12,  CPU  200  fetches  the 
contents  of  A/D  converter  11  as  the  first  string 
output  signal.  In  step  A13,  the  CPU  checks  if  the 
level  of  the  input  signal  waveform  exceeds  a  pre- 
determined  level.  If  it  is  below  the  predetermined 
level,  the  CPU  executes  the  note-off'  processing  in 
steps  A14  and  A15. 

The  musical  tones  from  the  second  to  sixth 
strings  are  processed  in  similar  ways  (steps  A22  to 
A25,  A32  to  A35,  A42  to  A45,  A52  to  A55,  and  A62 
to  A65).  The  illustration  contains  the  processings  of 
the  musical  tones  from  the  first  and  sixth  strings 
only.  The  first  string  is  picked  to  generate  a  musi- 
cal  tone  with  a  waveform  as  shown  in  Fig.  18(a). 
The  musical  tone  is  picked  up  and  applied  to  A/D 
converter  11.  Upon  receipt  of  the  output  of  the 
converter,  CPU  200  jumps  from  step  A13  to  step 
A16.  In  step  A16,  the  rise  flag  of  the  first  string  is 
set  to  "1  ".  In  this  case,  the  sounding  is  not  done, 
and  then  the  CPU  executes  steps  A14  and  A15, 
and  enters  the  processings  of  the  next  string. 

wnen  oiner  sirings  are  picKeu,  n  is  eviueiu  i»oi 
the  following  processings  are  executed:  A23  —  A26 
-   A24  -  A25,  A33  -   A26  -   A34  -  A35,  A43  -  
A46  -   A44  -  A45,  A53  -   A56  -  A54  -   A55,  A63 
-  A66  -   A64  -  A65. 

As  will  be  seen  later,  the  above  processing  is 
repeated  until  either  of  interrupt  signals  INTan  and 
INTbn  (where  n  is  any  of  1  to  6)  is  first  applied. 
When  the  waveform  rises  as  shown  in  Fig.  18(a), 

@>  the  interrupt  signal  first  applied  to  CPU  200,  is  the 
interrupt  command  INTan.  When  the  waveform 
falls,  i.e.,  from  zero  level  to  the  negative  side, 
interrupt  signal  INTbn  is  applied  to  CPU  200. 

As  the  first  interrupt  signal  INTan  or  INTbn  is 
5  applied  to  CPU  200,  the  CPU  issues  a  command  to 

generate  a  musical  tone  based  on  the  frequency  of 
the  open  string.  Subsequently,  the  CPU  executes 
steps  A13  (A23,  A33,  A43,  A53,  A63),  A14  (A24, 
A34,  A44,  A54,  A64)  and  A17  (A27,  A37,  A47,  A57, 

o  A67)  in  this  order.  Then,  the  pitch  is  extracted,  and 
step  A1  7  controls  the  frequency  on  the  basis  of  the 
extracted  pitch. 

To  generate  a  musical  tone  at  the  pitch  of  the 
open  string  or  the  extracted  true  pitch,  CPU  200 

!5  supplies  a  control  signal  to  frequency  ROM  8.  So 
long  as  the  input  signal  is  above  a  predetermined 
level,  a  sequence  of  procedural  steps  A12  —  A13 
-  A14  -   A17  (A22  -  A23-  A24  -   A27,  A32  -  
A33  -   A34  -  A37,  A42  -   A43  -   A44  -   A47,  A52 

30  -   A53  -   A54  -   A57,  A62  -   A63  -   A64  -   A67)  is 
repeated.  If  it  is  below  the  predetermined  level, 
CPU  200  executes  the  step  A15  (A25,  A35,  A45, 
A55,  A65)  processing,  and  stops  the  sounding. 

The  operation  of  the  electronic  guitar,  when  a 
35  string  is  picked,  will  be  described  in  detail.  When 

the  musical  tone  waveform  rises  upon  the  string 
picking,  the  waveform  level  reaches  the  first  maxi- 
mum  peak  point  MAX1  in  Fig.  18(a),  maximum 
peak  detector  4  produces  a  signal  as  shown  in  Fig. 

40  18(b).  FF  214  output  goes  high  (Fig.  18(d)).  The 
output  signal  from  zero-cross  point  detector  206  is 
inverted  at  the  zero-cross  point  Zero  1  (Fig.  18(c)). 
AND  gate  24  applies  interrupt  signal  INTan  to  CPU 
200.  CPU  200  starts  the  execution  of  the  interrupt 

45  routine  Fig.  19. 
This  routine  is  similar  to  those  of  Figs.  7  and 

13.  CPU  200  resets  FF  214  in  step  B301,  reads  in 
the  count  of  counter  7,  and  in  step  B302  checks  if 
the  rise  flag  is  1.  Since  the  waveform  has  just 

so  risen,  and  the  present  wave  of  the  waveform  is  the 
first  wave,  the  CPU  advances  to  step  B303  (see 
steps  A16  (A26,  A36,  A46,  A56,  A66),  and  in  this 
step  executes  the  processing  of  starting  the  soun- 
ding  at  the  note  by  the  open  string.  In  step  B304, 

55  the  rise  flag  is  cleared,  and  the  CPU  proceeds  to 
step  B305  where  it  sets  the  control  flag  to  "1". 
Then,  the  CPU  saves  into  in-maximum  memory 
201  the  counter  7  count  as  read  out  in  step  301. 

n  
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The  control  flag  "1"  indicates  that  the  zero-cross 
point  after  the  maximum  peak  point  has  been  de- 
tected.  The  cleared  flag  indicates  the  detection  of 
the  minimum  peak  point.  The  function  of  this  con- 
trol  flag  will  be  discussed  later.  s 

When  the  guitar  system  receives  the  waveform 
as  shown  in  Fig.  18(a),  every  time  the  zero-cross 
points  Zero  2  and  Zero  3  are  successively  de- 
tected,  zero-cross  point  detector  6  produces  in- 
verted  signals  as  shown  in  Fig.  18(c).  10 

At  this  time,  however,  the  output  of  FF  21  4  has 
been  reset  (step  B301)  and  the  CPU  produces 
interrupt  signal  INTa.  Of  course,  FF  215  also  re- 
mains  set,  and  no  interrupt  signal  INTb  is  pro- 
duced.  75 

When  the  minimum  peak  point  MINI  shown  in 
Fig.  18(a)  is  then  reached,  minimum  peak  detector 
5  produces  a  peak  detect  signal,  to  set  FF  215.  At 
the  zero-cross  point  Zero  4,  the  output  of  zero- 
cross  point  detector  5  is  inverted,  so  that  AND  gate  20 
22  applies  interrupt  signal  INTb  to  CPU  200.  Upon 
receipt  of  this,  CPU  200  starts  the  interrupt  pro- 
cessing  shown  in  Fig.  20.  This  routine  is  also 
similar  to  those  of  Figs.  8  and  14.  In  step  C301. 
CPU  200  resets  FF  21  5,  and  reads  in  the  counter  7  25 
count,  and  checks  if  the  present  wave  first  rises  or 
falls.  In  other  words,  the  CPU  checks  if  the  rise  flag 
is  "1  "  in  step  C302. 

At  this  time,  the  waveform  has  risen,  and  the 
musical  tone  signal  has  been  input  to  the  guitar  30 
system.  Therefore,  in  step  B304  (Fig.  19),  the  rise 
flag  has  been  cleared.  The  result  of  the  check  in 
step  302  is  NO. 

The  CPU  advances  to  step  C306.  In  step  C306, 
the  CPU  checks  if  the  control  flag  within  it  is  "1  ".  35 
In  step  B305  in  Fig.  19,  the  flag  has  been  set  to 
"1",  and  the  answer  "YES"  is  given.  Then,  the 
CPU  advances  to  step  C307. 

in  step  C307,  the  CPU  checks  if  the  note  now 
sounding  is  that  by  the  open  string  at  the  start  of  40 
sounding,  as  described  above.  As  seen  from  Figs. 
18(f)  and  18(g),  the  sound  at  the  note  of  the  open 
string  is  output  when  the  zero-cross  point  is  de- 
tected,  and  then  the  answer  "YES"  is  given,  and 
the  CPU  goes  to  step  C305.  In  this  step  C305.  the  45 
control  flag  is  set  to  "0",  and  saves  the  count  of 
counter  7  into  in-minimum  memory  202. 

The  judgement  in  step  C307  can  be  attained 
by  providing  such  a  flag  in  CPU  200  that  is  turned 
on  during  the  period  of  time  from  the  generation  of  50 
the  musical  tone  of  the  open  string  to  the  arrival  of 
the  next  interrupt  signal  INT,  and  is  turned  off  in 
other  periods  of  time.  The  arrival  time  of  the  next 
interrupt  signal  INT  is  more  exactly  the  time  when 
the  next  interrupt  signal  INTan  (where  n  is  any  of  55 
"1"  to  6)  arrives  when  the  input  waveform  rises, 

and  the  time  when  the  next  interrupt  signal  INTbn 
(n  is  any  of  1  to  6)  arrives  when  the  input  waveform 
falls.  In  the  example  shown  in  Fig.  9,  it  is  the  timing 
of  zero-cross  point  Zero  5. 

In  the  case  of  the  input  waveform  as  shown  in 
Fig.  18(a),  when  the  zero-cross  point  Zero  5  follow- 
ing  the  next  maximum  peak  point  MAX2  is 
reached,  interrupt  signal  INTa  for  the  detection  of 
zero-cross  point  after  the  maximum  peak  point  is 
applied  to  CPU  200  (Fig.  18(e),  CPU  200  resets  FF 
214  in  step  B301,  and  reads  in  the  count  of  counter 
7,  and  checks  if  the  present  wave  of  the  waveform 
is  not  the  first  wave  in  step  B302.  Further,  the  CPU 
checks  if  the  control  flag  is  "0"  in  step  b306.  This 
control  flag  has  been  set  to  "0"  at  zero-cross  point 
Zero  4  after  the  previous  minimum  peak  point 
MINI  (step  C305  in  Fig.  19).  CPU  200  advances  to 
step  B307  and  provides  the  answer  "NO",  and  in 
step  B308  reads  out  the  time  count  data  as  set  to 
in-maximum  memory  201  at  the  zero-cross  point 
Zero  1  immediate  after  the  maximum  peak  point 
MAX1  before  one  period,  and  subtracts  it  from  the 
this-time  time  count  data  as  read  out  in  step  B301  . 
As  a  result,  in  step  A17  (or  A27,  A37,  A47,  A57, 
A67)  shown  in  Fig.  17,  which  follows  the  Fig.  19 
interrupt  processing,  the  subtraction  result  data  is 
applied  to  frequency  ROM  8.  At  this  time,  under 
control  of  the  CPU,  the  electronic  guitar  sounds 
with  the  musical  tone  at  the  frequency  whose  one 
period  (t1  in  Fig.  18(e)  ranges  from  the  zero-cross 
point  Zero  1  to  the  zero-cross  point  Zero  5.  In  step 
B305  of  the  interrupt  processing,  CPU  200  sets  the 
control  flag  to  "1",  and  saves  the  this-time  time 
count  data  into  in-maximum  memory  201  . 

In  this  way,  in  steps  C305  and  B306,  the  zero- 
cross  points  respectively  immediately  after  the 
maximum  peak  points  are  checked,  and  the  time 
interval  (t1)  between  the  zero-cross  points  is  mea- 
sured,  and  in  step  B308  the  period  calculation  is 
performed. 

Similarly,  the  zero-cross  points  Zero  6  and 
Zero  7  are  ignored,  and  CPU  200  executes  the 
routine  of  Fig.  20  in  response  to  the  interrupt  signal 
INTb  from  AND  gate  22  as  generated  upon  detec- 
tion  of  the  zero-cross  point  Zero  8  immediately 
after  the  minimum  peak  detection.  At  this  time,  the 
time  interval  (t2)  from  the  previous  zero-cross  point 
Zero  4  to  the  this-time  zero-cross  point  Zero  8,  is 
the  pitch  extraction  data.  This  processing  is  per- 
formed  in  the  order  of  steps  C301  —  C302  -s  C306 
-  C307  -   C308  -  C305. 

Accordingly,  in  this  embodiment,  the  musical 
tone  at  the  note  of  this  string,  when  it  is  in  the  open 
string,  is  generated  at  the  generation  of  the  first 
interrupt  signal  INTa  for  waveform  rise  or  INTb  for 
waveform  fall.  After  the  next  interrupt  signal,  which 
is  of  the  same  type,  two  types  of  time  intervals  are 
obtained,  and  the  frequency  change  is  performed 
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vo  times  during  one  period.  One  of  the  two  types 
f  the  intervals  is  the  time  interval  (t1  )  between  the 
ero-cross  points,  i.e..  Zero  1  and  Zero  5,  imme- 
iiately  after  the  maximum  peak  values  are  de- 
scted.  The  other  is  the  time  interval  (t2)  between 
ie  zero-cross  points,  i.e.,  Zero  4  to  Zero  8,  gen- 
irated  immediately  after  the  minimum  peak  values 
ire  detected.  Therefore,  the  musical  tone  can 
luickly  be  output  in  response  to  the  generation  of 
he  input  signal.  Subsequently,  if  the  pitch  is  ex- 
racted,  the  operation  of  the  electronic  guitar  fol- 
ows  up  a  frequency  change  of  the  input  signal  by 
>etting  the  sounding  note  based  on  the  extracted 
)itch. 

In  this  embodiment,  if  the  waveform  as  shown 
n  Fig.  16  is  input  with  the  function  of  the  control 
lag  in  the  control  flag  shown  in  Fig.  20,  the  zero- 
:ross  points  12  and  14  are  ignored.  This  operation 
s  as  described  referring  to  Fig.  16  in  the  descrip- 
:ion  of  the  second  embodiment,  and  hence  no 
further  description  will  be  given. 

To  stabilize  the  frequency,  in  step  A17  (A27, 
A37,  A47,  A57,  A67),  the  time  count  data  pre- 
viously  stored  and  the  this-time  time  count  data  are 
averaged  and  the  averaged  data  is  output.  Alter- 
natively,  when  the  previous  data  is  greater  than  that 
of  the  this  time  data  by,  for  example,  20%  or  more, 
the  previous  data  is  output.  The  period  calculations 
based  on  the  zero-cross  point  detection  imme- 
diately  after  the  maximum  and  minimum  peak 
points  detections,  may  be  selectively  performed  in 
a  manner  that  the  period  calculation  (i.e.,  only  t1  is 
obtained)  based  on  the  zero-cross  points  imme- 
diately  after  the  maximum  peak  points  detection  is 
executed  for  the  waveform  which  rises  at  the  start 
point,  and  that  (i.e.,  only  t2  is  obtained)  based  on 
the  zero-cross  points  immediately  after  the  maxi- 
mum  peak  points  detection  is  executed  for  the 
waveform  which  falls  at  the  start  point. 

As  described  above,  in  the  third  embodiment 
as  mentioned  above,  CPU  6  can  execute  an  appro- 
priate  processing  as  the  step  A17  (A27,  A37,  A47, 
A57,  A67)  shown  in  Fig.  17.  The  selection  of  the 
appropriate  processing  can  be  made  by  modifying 
the  program  for  CPU  6,  and  not  requiring  any 
modification  of  the  hardware,  i.e.,  the  external  cir- 
cuit  of  CPU  6.  Therefore,  the  musical  instrument  of 
this  embodiment  is  excellent  in  flexibility  of  use, 
and  can  easily  be  designed  so  as  to  have  intel- 
ligent  functions. 

In  the  third  embodiment,  the  time  intervals  (t1) 
and  (t2)  respectively  between  the  zero-cross  points 
immediately  after  the  maximum  and  minimum  peak 
points,  are  both  obtained,  but  musical  instrument  is 
operable  with  satisfactory  performances,  if  one  of 
them  is  used.  If  so  done,  the  combination  of  maxi- 
mum  peak  detector  4,  FF  214,  AND  gate  224  and 

inverter  d<5v  or  tne  comDinanon  ox  maximum  pea* 
detector  5,  FF  215,  and  AND  gate  225  may  be 
omitted,  simplifying  the  Circuit  arrangement  of  the 
musical  instrument,  i.e.,  electronic  guitar. 

In  the  above-mentioned  embodiment,  CPU  200 
controls  the  system  of  the  electronic  guitar,  so  that 
the  actual  sounding  of  the  musical  tone  is  started 
in  step  B303  in  Fig.  19  or  step  C303  in  Fig.  20. 
Alternatively,  the  sounding  may  be  started  in  a 

o  sequence  of  the  processings  in  Fig.  17  as  the  main 
flow,  after  the  interrupt  processing  is  completed 

Also  in  the  third  embodiment,  the  period  cal- 
culation  is  performed  in  the  step  B308  in  Fig.  19, 
and  in  the  step  C308  in  Fig.  20.  The  control  of  the 

5  musical  tone  frequency  change,  which  is  based  on 
the  period  calculation,  is  executed  in  step  A17 
(A27,  A37,  A47,  A57,  A67).  If  necessary,  this  pro- 
cessing  can  be  made  during  each  interrupt  pro- 
cessing. 

'0  In  the  third  embodiment,  the  frequency  change 
is  made  until  the  first  one  wave  of  the  note  sound 
of  the  open  string  is  completed,  as  shown  in  Fig. 
18(g).  Therefore,  the  actual  tone  frequency  can  be 
obtained  before  the  player  feels  the  periodicity  (i.e., 

>5  the  frequency  or  pitch)  of  the  output  sound  at  the 
early  stage  of  sounding.  The  sounding  start  is 
possible  at  early  timing,  and  the  player  hear  the 
sound  with  natural  feeling  of  sound  at  the  time  of 
sounding  start. 

30  To  quicken  the  response,  when  CPU  200  de- 
tects  the  string  vibration  before  the  maximum  peak 
value  MAX1  in  Fig.  18(a),  that  is,  CPU  200  detects 
that  A/D  converter  11  outputs  a  signal  at  an  am- 
plitude  larger  than  a  predetermined  level,  the  CPU 

35  applies  a  sounding  start  command  of  the  open 
string  note  to  frequency  ROM  8  and  sound  source 
circuit  9  in  the  processing  to  set  the  rise  flag  to  "1  " 

(steps  A13  and  A16,  A23  and  A26,  A33  and  A36, 
A43  and  A46.  A53  and  A56,  A63  and  A66). 

40  While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 

45  microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 

50  boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 
koto  (Japanese  string  instrument). 

In  case  that,  before  the  pitch  extraction,  the 
musical  tone  is  generated  at  a  predetermined  pitch 

55  by  using  any  of  such  various  types  of  musical 
instruments,  and  after  the  pitch  extraction,  the 
musical  tone  is  changed  to  have  the  pitch,  if  a 
player  hear  the  musical  tone  and  can  distinguish 
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the  frequencies  one  from  the  other,  he  feels  some- 
thing  unnatural.  In  this  respect,  the  musical  sound 
first  output  must  be  in  length  within  one  wave 
length  (period),  and  it  is  desired  that  the  musical 
tone  at  low  pitch  is  first  output. 

It  should  be  understood  that  any  suitable  mea- 
sure  may  be  employed  for  the  pitch  extraction.  In 
the  above-mentioned  embodiment,  either  of  the  two 
time  intervals  (t1)  and  (t2)  is  used  for  the  pitch 
extraction.  As  recalled,  the  time  interval  (t1)  is 
between  the  zero-cross  points  first  appearing  after 
the  maximum  peak  values  of  the  input  waveform. 
The  time  interval  (f.2)  is  between  the  zero-cross 
points  first  appearing  after  the  minimum  peak  val- 
ues  of  the  input  waveform.  Another  possible  pitch 
extraction  is  to  compare  the  time  interval  (T1)  be- 
tween  two  adjacent  maximum  peak  values  of  the 
input  waveform  with  the  time  interval  (T2)  between 
two  adjacent  minimum  peak  points.  A  further  possi- 
ble  pitch  extraction  is  to  use  the  time  interval 
between  the  two  adjacent  zero-cross  points.  An 
additional  pitch  extraction  is  to  use  the  auto-cor- 
relation  function  or  other  suitable  function  of  the 
period  calculation. 

As  described  above,  when  the  inputting  of  the 
input  signal  is  detected,  a  musical  tone  is  first 
generated  at  a  predetermined  pitch.  After  this,  the 
pitch  of  the  musical  tone  is  extracted,  the  fre- 
quency  of  the  musical  tone  is  changed  to  the 
extracted  pitch,  and  then  the  musical  tone  is  soun- 
ded.  Therefore,  the  response  time  of  the  electronic 
guitar,  which  ranges  from  the  inputting  of  an  input 
signal  of  musical  tone  till  it  is  sounded,  can  be 
reduced.  Electronic  guitars,  which  are  free  from 
any  unnatural  sound  feeling,  can  be  provided. 

Fourth  Embodiment 

1.  General 

A  fourth  embodiment  of  an  electronic  guitar 
according  to  this  embodiment  will  be  described 
referring  to  Figs.  21  to  27. 

The  electronic  guitar  of  this  embodiment  is 
improved  in  that  the  time  from  the  inputting  of  an 
input  signal  waveform  till  the  generation  of  an  ac- 
tual  acoustic  sound  is  shortened  to  have  a  good 
response  for  eliminating  unnatural  feelings  of  soun- 
ded  musical  tones. 

The  fourth  embodiment  is  based  on  the  fact 
that  three  items  of  distinctive  period  information 
exist  between  two  periods  of  the  input  signal 
waveform.  Within  the  time  interval  of  less  than  two 
periods  of  the  input  signal  waveform,  two  periods 
of  the  waveform  are  detected.  If  the  detected  two 
periods  are  almost  equal  to  each  other  a  controller 
issues  a  command  to  start  the  sounding. 

More  specifically,  the  two  periods  are  detected 
by  detecting  the  time  interval  t1  between  the  zero- 
cross  points  each  first  appearing  after  the  maxi- 
mum  peak  of  the  input  signal  waveform  is  de- 

5  tected,  and  by  detecting  the  time  interval  t2  be- 
tween  the  zero-cross  points  first  appearing  after  the 
minimum  peak  point  of  the  input  signal  waveform  is 
detected. 

Alternatively,  the  two  periods  are  detected  by 
w  detecting  the  time  interval  T1  between  the  maxi- 

mum  peak  points  of  the  input  signal  waveform  and 
by  detecting  the  time  interval  T2  between  the  mini- 
mum  peak  points  of  the  same  waveform. 

The  above  technical  features  reduces  the  time 
75  from  the  arrival  of  the  input  signal  to  the  generation 

of  artificial  acoustic  wave,  providing  attractive  per- 
formance  by  the  guitar. 

20  2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

The  fourth  embodiment  is  configured  like  the 
25  second  embodiment.  For  the  configuration  of  this 

embodiment,  reference  is  made  to  Figs.  1  0  and  1  1 
of  the  second  embodiment.  Like  or  equivalent  por- 
tions  are  designated  by  like  reference  numerals  in 
Figs.  10  and  11,  for  simplicity. 

30  Six  pitch  extraction  circuits  P1  to  P6  are  used. 
A/D  converter  411  is  contained  in  each  pitch  ex- 
traction  circuit  P1  to  P6.  The  output  signal  of  FFs 
214  and  215  are  applied  as  read-in  signals  to  latch 
412,  via  OR  gate  413.  In  response  to  the  signal 

35  from  OR  gate  413,  latch  412  fetches  the  digital 
output  of  A/D  converter  41  1  . 

With  such  an  arrangement,  each  latch  412 
latches  the  maximum  or  minimum  peak  point  of  the 
input  signal  waveform,  so  that  CPU  400  can  readily 

40  fetch  these  peak  values. 
The  output  signal  of  each  OR  gate  413  is 

applied  as  each  signal  L1  to  L6  to  CPU  400. 

45  2)  Operation 

Fig.  21  shows  a  main  routine  executed  by  CPU 
400.  This  routine  is  similar  to  those  of  early  men- 
tioned  embodiments.  The  main  routine  illustrated  is 

so  for  processing  the  musical  tone  generated  by  one 
string  of  the  guitar.  This  processing  is  correspond- 
ingly  applied  for  other  five  strings.  Actually,  CPU 
400  executes  these  routines  in  a  time  divisional 
manner.  CPU  400  first  executes  step  A401  to  ini- 

55  tialize  the  system  of  the  electronic  guitar.  Following 
this,  CPU  400  reads  on  the  contents  of  A/D  con- 
verter  411  in  step  A402.  The  CPU  continues  the 
tone-off  processing  of  musical  tone  until  the  output 
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evel  of  A/D  converter  41  reaches  a  predetermined 
evel  (steps  A403,  404,  and  405).  If  the  guitar  string 
s  picked,  and  the  musical  tone  signal  above  the 
Dredetermined  level  as  shown  in  Fig.  23  is  input  to 
MD  converter  41  1  (step  A403),  the  CPU  advances 
:o  step  A405.  In  this  step,  the  CPU  checks  whether 
Dr  not  the  already  extracted  time  intervals  t1  and  t2 
are  equal.  Since  both  the  intervals  are  not  yet 
detected,  however,  the  answer  in  step  A406  is  NO, 
and  the  CPU  returns  to  the  original  flow.  As  de- 
scribed  later,  when  starting  the  sounding,  the  CPU 
advances  to  step  A407  and  starts  the  sounding  of 
the  musical  tone  at  the  pitch  as  determined  by  the 
time  interval  t1  (nearly  equals  t2).  Subsequently, 
the  CPU  goes  through  the'  route  of  A403  —  A404  — 
A408.  In  the  step  A408,  the  CPU  executes  the 
frequency  control  processing,  i.e.,  the  sounding 
processing  to  apply  the  data  for  designating  the 
musical  tone  to  frequency  ROM  8.  This  sounding 
processing  is  continued  so  long  as  the  musical 
tone  signal  level  is  above  the  predetermined  level 
(steps  A402  —  A403  —  A404  —  A408).  When  the 
output  level  A/D  converter  411  is  below  the  pre- 
determined  level,  step  A405  is  executed  and  the 
sounding  starts. 

The  operation  of  the  electronic  guitar,  when  a 
string  of  it  is  picked,  will  be  described.  A  string  is 
picked  and  the  waveform  of  the  musical  tone  as 
generated  rises,  and  its  level  reaches  the  first 
maximum  peak  point  MAX1  shown  in  Fig.  23(a). 
Maximum  peak  detector  4  produces  a  signal  as 
shown  in  Fig.  23(b).  This  signal  sets  the  output  of 
FF  214  high  (Fig.  23(d)).  The  zero-cross  point 
detection  output  signal  from  zero-cross  point  detec- 
tor  6  is  inverted  at  the  zero-cross  point  Zero  1  (see 
Figs.  23(a)  and  23(c)).  At  this  time  interrupt  signal 
INTan  is  transferred  to  CPU  400,  from  AND  gate 
224.  Upon  receipt  of  this,  the  CPU  starts  the  inter- 
rupt  processing  of  Fig.  24.  This  processing  is  sub- 
stantially  the  same  as  the  interrupt  processing  of 
Fig.  14.  The  period  obtained  in  the  step  B4  in  the 
Fig.  24  routine  is  used  as  the  interval  t1  . 

When  at  the  zero-cross  point  Zero  4  in  Fig.  23- 
(a),  interrupt  signal  INTbn  is  applied  to  CPU  400, 
the  CPU  execute  the  Fig.  25  processing.  The  Fig. 
25  interrupt  processing  is  substantially  the  same  as 
that  of  the  Fig.  15  processing  of  the  second  em- 
bodiment. 

In  Fig.  23(a),  CPU  400  first  obtains  the  period 
data  t1  through  the  interrupt  processing  at  the 
zero-cross  point  Zero  5,  and  obtains  the  period 
data  t2  by  the  interrupt  processing  at  the  zero- 
cross  point  Zero  8. 

Following  the  detection  of  this  zero-cross  point 
Zero  8,  the  CPU  returns  to  the  main  routine.  In  this 
routine,  the  CPU  executes  steps  A403  and  A406  in 
Fig.  22,  successively.  If  the  time  data  t1  and  t2  are 
approximately  equal,  and  the  difference  between 

them  is  within  a  tolerable  range,  the  answer  in  step 
A406  is  YES,  and  in  step  A407  the  CPU  causes  the 
sound  source  circuit  to  start  the  sounding  of  musi- 
cal  tone  at  the  frequency  as  defined  by  the  time 

5  data  t1  or  t2  (see  Fig.  23  (f)). 
If  the  answer  to  the  step  A406  is  NO,  that  is, 

when  interval  tl  between  zero-cross  points  Zero  1 
and  Zero  5  is  not  equal  to  the  interval  t2  between 
zero-cross  points  Zero  4  and  Zero  8,  no  sounding 

ro  starts  and  the  CPU  waits  for  the  next  interrupt 
processing.  Then,  the  CPU  checks  if  the  time  inter- 
val  t2  between  the  points  Zero  4  and  Zero  8  is 
equal  to  the  next  time  interval  t1  ranging  from  zero- 
cross  points  Zero  5  to  Zero  9  (Fig.  23(a)).  This  is 

is  made  in  step  A406.  If  the  check  result  is  YES,  the 
CPU  advances  to  step  A407  where  it  directs  the 
start  of  sounding. 

Subsequently,  the  CPU  measures  the  time  in- 
terval  t1  between  the  zero-cross  points  immediately 

20  after  the  maximum  peak  point  detection,  and  the 
time  interval  t2  immediately  after  the  minimum 
peak  point  detection.  The  CPU  executes  the  fre- 
quency  change  processings  two  times  for  one  pe- 
riod,  if  necessary.  Therefore,  the  guitar  can  re- 

25  spond  to  the  frequency  change  of  the  input  signal 
quickly. 

In  this  embodiment,  with  the  flag  function  in  the 
flows  of  Figs.  24  and  25,  if  the  waveform  as  shown 
in  Fig.  15  in  the  first  embodiment  is  input,  the  zero- 

30  cross  points  1  2  and  1  4  are  ignored. 
In  the  above-mentioned  embodiment,  the 

waveform  input  is  that  of  the  type  in  which  the 
waveform  first  rises,  viz.,  the  amplitude  of  the 
waveform  increases  from  zero  level  to  positive.  The 

35  same  operation  can  be  obtained  when  the 
waveform  first  falling,  or  going  from  zero  level  to 
negative  is  input. 

Such  an  example  is  shown  in  Fig.  26.  When 
the  waveform  as  shown  in  Fig.  26(a)  comes  in, 

40  zero-cross  point  detector  206  outputs  a  signal  with 
a  waveform  as  shown  in  Fig.  26(b).  As  a  result, 
interrupt  signal  INTb  is  applied  to  CPU  400.  At  this 
time  point,  the  Fig.  25  routine  starts.  Count  7  starts 
the  counting  of  the  time  interval  t2  (see  zero-cross 

45  point  Zero  21  in  Fig.  26(a)  then  interrupt  signal 
INTa  is  generated  at  the  zero-cross  point  Zero  22 
in  the  same  figure.  The  CPU  starts  the  processing 
of  the  Fig.  24  flow  chart.  At  the  next  zero-cross 
point  Zero  23,  the  first  period  calculation  is  com- 

50  pleted  to  obtain  interval  t2.  At  the  next  zero-cross 
point  Zero  24,  time  t1  is  obtained  (see  Fig.  26(c)). 

The  CPU  executes  the  Fig.  24  processing  as 
the  interrupt  at  zero-cross  point  Zero  24.  After 
completion  of  this  processing,  the  CPU  returns  to 

55  the  main  flow  of  Fig.  22,  and  executes  steps  A403 
and  A406  in  a  successive  manner.  Step  A406  is 
used  for  checking  the  intervals  t2  and  t1  fall  within 
a  time  length  within  a  tolerance  (Fig.  26(c)).  If  the 

15 
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answer  to  this  step  is  YES,  the  CPU  advances  to 
step  A407  and  give  the  command  to  generate  a 
musical  tone  with  the  period  of  that  time  length  to 
frequency  ROM  8  and  sound  source  circuit  9  (Fig. 
26(d)). 

If  the  answer  to  step  A406  is  NO  the  CPU 
checks  if  the  previous  time  interval  t1  (between 
Zero  22  and  Zero  24)  is  equal  to  the  next  interval 
t2  (ranging  from  zero-cross  points  Zero  22  to  Zero 
24),  after  about  half  period.  If  these  intervals  are 
approximately  equal,  the  CPU  executes  the  soun- 
ding  start  processing. 

Thus,  even  when  the  waveform  falls,  the  soun- 
ding  can  be  started  during  the  period  of  time  less 
than  two  periods  (for  a  sine  wave,  it  is  1  .5  period). 

To  stabilize  the  frequency,  in  step  A408  in  Fig. 
22,  after  sounding  is  started,  the  time  count  data 
previously  stored  and  the  this-time  time  count  data 
are  averaged  and  the  averaged  data  is  output. 
Alternatively,  when  the  difference  between  the  pre- 
vious  data  and  the  this  time  data  is  great,  for 
example,  20%  or  more,  the  previous  data  is  output. 
The  period  calculations  based  on  the  zero-cross 
point  detection  immediately  after  the  maximum  and 
minimum  peak  points  detections,  may  be  selec- 
tively  performed  in  a  manner  that  the  period  cal- 
culation  based  on  the  zero-cross  points  immedi- 
ately  after  the  maximum  peak  points  detection  is 
executed  for  the  waveform  which  rises  at  the  start 
point,  and  that  based  on  the  zero-cross  points 
immediately  after  the  maximum  peak  points  detec- 
tion  is  executed  for  the  waveform  which  falls  at  the 
start  point. 

As  described  above,  the  CPU  may  select  an 
appropriate  processing  in  the  step  A405  in  Fig.  22. 
It  is  noted  that  this  selection  can  be  made  by  some 
modification  of  the  software,  and  not  modifying  the 
external  circuit  of  the  CPU.  Therefore,  the  musical 
instrument  of  this  invention  can  be  flexibly  used. 

In  the  above-mentioned  embodiment,  the  pe- 
riod  of  the  waveform  is  calculated  in  step  B4  in  Fig. 
24  and  in  step  C4  in  Fig.  25.  The  sounding  control 
based  on  the  calculated  period  and  the  musical 
tone  frequency  are  performed  in  the  step  A407  or 
A408  in  the  main  flow  of  Fig.  22.  These  proces- 
sings  may  be  performed  in  the  interrupt  processing 
(Figs.  24  and  25),  if  necessary,  if  so  done,  the 
response  to  the  input  signal  is  more  quickened. 

3.  Modification  of  the  4th  Embodiment 

A  modification  of  the  fourth  embodiment  will  be 
described.  An  overall  circuit  configuration  of  the 

5  fourth  embodiment  is  shown  in  Fig.  27.  In  the 
modification,  the  time  intervals  T1  and  T2  respec- 
tively  between  the  maximum  and  minimum  peak 
points  are  detected.  The  sounding  control  is  made 
on  the  basis  of  the  detected  time  intervals. 

70  The  output  signals  from  a  microphone  and 
pick-ups  are  applied  to  input  terminals  1,  and  then 
to  pitch  extraction  circuits  P1  1  to  P1  6.  The  specific 
configuration  of  each  pitch  extraction  circuit  P1  1  to 
P16  is  as  shown  in  Fig.  27.  As  shown,  each  amplifi- 

75  ers  2  receives  the  musical  tone  signal  from  the 
corresponding  input  terminal  1.  Each  low-pass  fil- 
ters  3  cuts  off  the  high  frequency  components  of 
the  output  signal  from  the  amplifier.  The  output 
signal  of  the  filter  is  applied  to  maximum  peak 

20  detector  4,  minimum  peak  detector  5,  and  A/D 
converter  41  1  . 

These  detectors  4  and  5  may  be  the  same  as 
those  of  the  first  embodiment. 

The  signals  of  these  .  detectors  4  and  5,  A/D 
25  converter  411  are  applied  to  CPU  400.  On  the 

basis  of  these  signals,  the  CPU  appropriately  pro- 
cesses  the  sounding  start  and  frequency  change. 

Fig.  28  shows  a  timing  chart  of  related  signals 
when  the  input  signal  waveform  rises.  When  the 

30  waveform  as  shown  in  Fig.  28(a)  comes  in,  maxi- 
mum  peak  detector  4  has  the  output  waveform  as 
shown  in  Fig.  28(b).  The  waveform  of  the  output 
signal  of  minimum  peak  detector  5  is  as  shown  in 
Fig.  28(c). 

35  CPU  400  works  out  the  time  intervals  T1  and 
T2  on  the  basis  of  the  output  signals  from  those 
detectors,  as  shown  in  Fig.  28(d).  If  the  time  inter- 
vals  T1  and  T2  each  representing  one  period  of  the 
waveform  are  substantially  equal  to  each  other  and 

AO  the  difference  between  them  is  within  a  tolerable 
range,  a  sounding  start  command  as  shown  in  Fig. 
28(e)  is  applied  to  the  sound  source  circuit. 

If  these  time  intervals  T1  and  T2  are  not  equal, 
the  time  interval  T1  is  measured  about  half  period 

45  later,  and  it  is  compared  with  the  old  time  interval 
T1.  If  these  are  substantially  equal,  the  sounding 
start  processing  is  executed. 

It  should  be  understood  that  any  suitable  mea- 
sure  may  be  employed  for  the  pitch  extraction.  In 

so  the  above-mentioned  embodiment,  either  of  the  two 
time  intervals  t1  and  t2  is  used  for  the  pitch  extrac- 
tion.  As  recalled,  the  time  interval  t1  is  between  the 
zero-cross  points  first  appearing  after  the  maximum 
peak  values  of  the  input  waveform.  The  time  inter- 

55  val  t2  is  between  the  zero-cross  points  first  appear- 
ing  after  the  minimum  peak  values  of  the  input 
waveform.  Another  possible  pitch  extraction  is,  as 
described  in  the  modification,  to  compare  the  time 
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interval  T1  between  two  adjacent  maximum  peak 
values  of  the  input  waveform  with  the  time  interval 
T2  between  two  adjacent  minimum  peak  points.  A 
further  possible  pitch  extraction  is  to  use  the  time 
interval  between  the  two  adjacent  zero-cross 
points.  An  additional  pitch  extraction  is  to  use  the 
auto-correlation  function  or  other  suitable  function 
of  the  period  calculation. 

The  fourth  embodiment  and  its  modification 
use  three  types  of  period  data  t1  ,  t2,  t3  or  t2,  t1  ,  t2 
and  T1,  T2,  T1  or  T1,  T2,  T1.  During  the  time 
interval  of  less  than  two  periods  of  the  input 
waveform  (if  it  is  a  perfect  sine  wave,  the  interval  is 
1.5  period),  two  periods  of  the  waveform  are  de- 
tected.  If  these  values  of  periods  are  coincident 
with  each  other,  the  CPU  directs  the  sound  source 
circuit  to  start  the  sounding. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 
koto  (Japanese  string  instrument). 

As  described  above,  during  the  time  interval  of 
less  than  two  periods  of  the  input  signal  waveform, 
two  periods  of  the  input  signal  waveform  are  de- 
tected.  If  these  are  substantially  equal,  the  CPU 
directs  the  sounding  of  a  musical  tone  at  the  fre- 
quency  as  defined  by  the  period.  Therefore  the 
time  required  from  the  inputting  of  the  waveform  to 
the  actual  sounding  start  is  reduced.  The  result  is 
to  improve  the  response  performance  and  to  elimi- 
nate  unnatural  feeling  of  sounded  musical  tones. 

Fifth  Embodiment 

1  .  General 

A  fifth  embodiment  of  an  electronic  guitar  ac- 
cording  to  the  present  invention  will  be  described, 
referring  to  Figs.  29  to  32. 

The  fifth  embodiment  is  proposed  with  an  in- 
tention  to  prevent  an  erroneous  operation  of  the 
guitar  due  to  the  resonance  between  the  vibrations 
of  different  strings  when  the  sounding  is  started.  To 
prevent  this,  this  embodiment  employs  an  elec- 
tronic  measure  in  place  of  the  mechanical  mea- 
sure,  which  has  employed  by  the  conventional 
electronic  guitar. 

To  realize  this,  when  the  inputting  of  an  input 
signal  of  musical  tone  starts,  a  controller  checks  as 
to  if  the  change  of  peak  values  of  the  input  signal 
waveform  is  great  or  small  when  observed  time 

5  sequentially.  On  the  basis  of  the  check  result, 
further  check  is  made  as  to  if  the  peak  value 
change  is  due  to  the  resonance  of  string  vibrations. 
If  the  result  of  this  additional  check  shows  that  the 
peak  value  change  is  not  related  to  the  resonance 

w  of  vibrations  of  different  strings.  The  controller  is- 
sues  a  command  to  start  the  sounding  of  the 
musical  tone. 

75  2.  Arrangement  and  Operation 

1)  Arrangement 

The  arrangement  of  this  embodiment  is  sub- 
20  stantially  the  same  as  that  of  Fig.  1.  No  further 

description  is  required  for  the  description  of  the 
fifth  embodiment. 

25  2)  Operation 

A  main  routine  of  CPU  400  is  illustrated  in  Fig. 
29.  The  illustration  of  Fig.  29  is  for  the  processing 
of  the  musical  tone  generated  by  one  string.  The 

30  same  processing  is  correspondingly  applied  for  the 
other  string  musical  tone.  In  a  specific  overall  sys- 
tem,  CPU  400  processes  the  musical  tones  by  six 
strings  in  a  time-divisional  manner. 

To  start  with,  CPU  400  initializes  the  system  of 
35  the  electronic  guitar  in  step  A501  in  Fig.  29,  and 

checks  if  the  sounding  is  now  performed  or  not  in 
step  A502.  Before  sounding,  the  CPU  checks  if  the 
note-on  flag  is  "1".  If  the  flag  is  still  "0",  NO  is 
given.  Then,  the  CPU  returns  from  step  503  to  step 

40  502.  The  CPU  repeats  the  execution  of  steps  502 
and  503. 

If  the  flag  is  "1  ",  the  CPU  advances  from  step 
503  to  step  504.  After  completion  of  the  period 
calculation  of  the  input  waveform,  that  is  to  say,  the 

45  period  is  calculated  using  in-maximum  memory 
201  and  in-minimum  memory  202,  the  CPU  goes 
from  step  504  to  505,  and  gives  a  sounding  start 
signal  to  sound  source  circuit  9  and  frequency 
ROM  8,  resulting  in  sounding  the  musical  tone. 

so  After  sounding,  the  CPU  advances  from  step 
A502  to  step  506.  If  the  output  of  A/D  converter 
411  is  not  below  a  predetermined  value,  the  CPU 
goes  from  step  A506  to  A507.  In  this  step,  the  CPU 
changes  the  frequency  on  the  basis  of  the  fre- 

55  quency  data  computed  every  time  the  interrupt 
processing  is  executed.  Steps  A502,  A506  and 
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A507  are  successively  executed.  When  the  input 
level  progressively  goes  low,  the  CPU  goes  from 
step  A506  to  A508,  to  execute  the  note-off  pro- 
cessing. 

The  operation  of  the  electronic  guitar  when  the 
the  waveform  by  the  string  vibration,  will  be  de- 
scribed  in  detail. 

Fig.  30(a)  shows  the  waveform  of  the  output 
signal  from  low-pass  fitter  3  when  the  normal  string 
operation  is  done,  viz.,  a  string  is  picked.  As  shown 
the  waveform  steeply  rises  (falls)  as  soon  as  the 
string  is  picked. 

Fig.  30(b)  shows  a  waveform  which  gently  rises 
due  to  the  resonance  of  vibrations  of  strings. 

When  the  waveform  steeply  rises  as  shown  in 
Fig.  30(a),  interrupt  signal  INTa  is  generated  at  the 
timing  of  (1)  which  in  turn  is  transferred  to  CPU 
400.  Upon  receipt  of  this,  CPU  400  executes  the 
interrupt  processing  of  Fig.  31  . 

In  step  B501.  the  CPU  fetches  the  output  of 
latch  41  2  in  A/D  converter  41  1  .  The  output  of  latch 
412  is  the  maximum  peak  value  of  an. 

In  step  B502.  the  CPU  clears  FF  214,  and 
executes  the  step  B503  to  fetch  the  count  of  coun- 
ter. 

In  step  B504,  the  CPU  checks  if  note-on  flag 
contained  in  CPU  400  is  "1".  Now  this  flag  is  "0". 
Then  the  CPU  goes  to  step  B505  to  check  if  the 
peak  value  an  exceeds  the  sound  start  level  a  (Fig. 
30)  as  the  reference.  The  answer  to  this  step  is 
YES  and  the  CPU  proceeds  to  step  506. 

In  step  506,  the  CPU  checks  if  (an  -  an-1)  >  R 
is  satisfied,  "an-1"  is  the  previous  peak  value  and 
"an"  is  this-time  peak  value.  "R"  is  a  factor  at  a 
predetermined  positive  value  which  provides  a  ref- 
erence  to  check  if  the  input  waveform  is  due  to  the 
vibration  resonance  or  the  normal  vibration. 

In  the  waveform  of  Fig.  30(a),  the  peak  value 
an-1  is  initialized  and  "0".  Then  "an"  is  larger  than 
"R".  Under  this  condition,  the  CPU  step  B507  and 
to  set  the  note-on  flag  to  "1"  and  goes  to  step 
B508.  In  this  step  the  CPU  sets  the  peak  value  an 
as  extracted  this  time,  as  the  previously  extracted 
peak  value  an-1  into  the  memory  within  the  CPU, 
and  returns  to  the  main  flow. 

During  the  interrupt  processing  of  (2),  the  CPU 
detects  the  value  of  t1,  i.e.,  the  interval  between 
the  zero-cross  points  respecting  following  the  maxi- 
mum  peak  points  of  the  waveform.  This  is  obtained 
as  the  difference  between  the  count  of  counter  7 
and  the  value  of  in-maximum  memory  201  . 

After  this  processing,  the  CPU  returns  to  the 
main  routine  of  Fig.  29.  Then,  it  executes  steps 
A502  to  A504.  In  step  A505  CPU  400  issues  a 
command  to  sound  the  musical  tone  at  the  fre- 
quency  based  on  time  interval  t1. 

Similarly,  the  CPU  receives  interrupt  signal 
INTb  via  AND  gate  225,  and  executes  the  interrupt 
processing  like  that  of  Fig.  31.  The  flow  chart  of 
this  processing  is  not  illustrated,  but  will  be  de- 

5  scribed  applying  Cn  to  Bn  (n  is  any  of  501  to  509) 
in  these  steps  in  the  Fig.  31  routine.  In  step  C502, 
FF  215  is  reset  and  in  step  C505,  peak  values  an' 
and  a  are  compared  with  each  other.  The  an' 
designates  a  negative  peak  value.  In  step  C506, 

io  negative  peak  values  an'  are  compared  in  step 
B508,  the  CPU  saves  the  peak  value  an'  as  an'-1 
into  the  memory.  In  step  C509  the  CPU  executes 
the  period  calculation  t2,  i.e.,  the  calculation  of  the 
time  interval  between  the  zero-cross  points  respec- 

15  tively  after  the  minimum  peak  values 
When  the  waveform  rises  as  shown  in  Fig.  30- 

(a),  the  routine  based  on  interrupt  signal  INTa  is 
first  executed.  When  the  input  waveform  falls,  the 
CPU  executes  the  interrupt  routine  by  interrupt 

20  INTb. 
Thus  when  the  input  waveform  as  shown  in 

Fig.  30(a),  the  CPU  judges  that  the  waveform  if  that 
of  the  normal  input  signal,  and  starts  the  sounding 
of  the  musical  tone  at  the  corresponding  note. 

25  When  the  waveform  of  string  resonance  is  in- 
put  as  shown  in  Fig.  30(b),  interrupt  signal  INTa  (or 
INTb)  is  applied  to  CPU  400.  Then,  the  CPU  ex- 
ecutes  the  routine  shown  in  Fig.  31  (or  the  interrupt 
routine  equivalent  to  the  Fig.  31  routine). 

30  Until  the  peak  value  an  exceeds  the  peak  value 
a,  step  B505  gives  the  answer  of  NO  at  timing  (1) 
of  Fig.  9(b).  Then  step  B508  is  executed. 

The  interrupt  routine  at  the  timing  of  (2)  if 
executed  to  give  the  answer  of  YES  in  step  B505. 

35  Step  B506  follows  step  B505.  In  this  instance,  the 
difference  between  peak  values  an-1  and  a  is  not 
large,  and  is  smaller  than  "R".  Therefore,  step 
B506  gives  the  answer  of  NO.  In  other  words,  the 
CPU  decides  that  the  input  signal  waveform  is  that 

40  of  the  string  vibration  resonance,  and  does  not  set 
the  note-on  flag  to  "1",  viz.,  does  not  execute  the 
sounding  processing. 

The  above-mentioned  interrupt  processing  is 
correspondingly  applied  to  the  interrupt  processing 

45  by  the  interrupt  signal  INTb,  and  the  description  of 
it  is  omitted. 

As  described  above,  in  the  fifth  embodiment, 
the  CPU  checks  if  the  peak  values  of  the  input 
signal  waveform  changes  greatly  or  small.  Inciden- 

50  tally,  when  the  waveform  rises,  the  peak  value 
increases,  but  when  it  falls,  the  peak  value  de- 
creases  (its  absolute  value  increases).  This  check 
is  executed  in  step  B506  in  Fig.  31.  More  specifi- 
cally,  the  CPU  checks  if  the  difference  between  the 

55  peak  values  previously  and  this  time  extracted  sat- 
isfies  a  predetermined  condition.  Therefore,  the 
electronic  circuit  can  completely  check  if  the  input 
signal  waveform  is  due  to  the  resonance  of  the 
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different  string  vibrations  or  the  real  vibration  by 
:he  string  picking.  This  implies  that  there  is  no 
leed  for  some  mechanical  measure  for  the  reso- 
nance  prevention. 

In  the  above-mentioned  embodiment,  the  dif- 
ference  between  the  previous  and  present  peak 
/alues  is  used  for  checking  if  the  input  signal 
waveform  is  the  resonance  waveform  or  not.  Alter- 
natively,  the  ratio  of  them  may  be  used  for  the 
same  purpose.  To  this  end,  step  B506'  is  used  in 
place  of  step  B506,  and  in  this  step,  CPU  400 
checks  whether  or  not  an/an-1  is  larger  than  S  (S  is 
a  large  value  above  1  ).  If  it  is  met,  the  CPU  judges 
that  the  input  waveform  is  the  normal  waveform.  If 
it  is  not  met,  the  CPU  judges  that  it  is  the  reso- 
nance  waveform.  In  a  further  alternative,  some 
arithmetic  calculation  may  be  used. 

In  the  processing  of  Fig.  31  ,  step  B505  is  used 
for  checking  if  "an"  exceeds  "a".  This  step  is  not 
essential.  In  this  case,  the  CPU  jumps  from  step 
B504  to  step  B506,  and  in  this  step,  the  CPU 
checks  whether  or  not  the  input  waveform  level 
exceeds  a  predetermined  level  by  using  the  rela- 
tion  of  (an  -  an-1  )  R. 

To  stabilize  the  frequency,  in  step  A507  in  Fig. 
29,  the  time  count  data  previously  stored  and  the 
this-time  time  count  data  are  averaged  and  the 
averaged  data  is  output.  Alternatively,  when  the 
difference  between  the  previous  data  and  the  this 
time  data  is  great,  for  example,  20%  or  more,  the 
previous  data  is  output.  The  period  calculations 
based  on  the  zero-cross  point  detection  imme- 
diately  after  the  maximum  and  minimum  peak 
points  detections,  may  be  selectively  performed  in 
a  manner  that  the  period  calculation  (i.e.,  only  t1  is 
obtained)  based  on  the  zero-cross  points  imme- 
diately  after  the  maximum  peak  points  detection  is 
executed  for  the  waveform  which  rises  at  the  start 
point,  and  that  (i.e.,  only  t2  is  obtained)  based  on 
the  zero-cross  points  immediately  after  the  maxi- 
mum  peak  points  detection  is  executed  for  the 
waveform  which  falls  at  the  start  point. 

As  described  above,  the  CPU  may  select  an 
appropriate  processing  in  the  step  507  in  Fig.  29.  It 
is  noted  that  this  selection  can  be  made  by  some 
modification  of  the  software,  and  not  modifying  the 
external  circuit  of  the  CPU.  In  this  respect,  the 
musical  instrument  of  this  embodiment  is  flexibly 
adaptable  for  many  different  situations. 

It  should  be  understood  that  any  suitable  mea- 
sure  may  be  employed  for  the  pitch  extraction.  In 
the  above-mentioned  embodiment,  either  of  the  two 
time  intervals  (t1)  and  (t2)  is  used  for  the  pitch 
extraction.  As  recalled,  the  time  interval  (t1)  is 
between  the  zero-cross  points  first  appearing  after 
the  maximum  peak  values  of  the  input  waveform. 
The  time  interval  (t2)  is  between  the  zero-cross 
points  first  appearing  after  the  minimum  peak  val- 

ues  of  the  input  waveform.  Another  possible  pitch 
extraction  is  to  compare  the  time  interval  (T1)  be- 
tween  two  adjacent  maximum  peak  values  of  the 
input  waveform  with  the  time  interval  (T2)  between 

5  two  adjacent  minimum  peak  points.  A  further  possi- 
ble  pitch  extraction  is  to  use  the  time  interval 
between  the  two  adjacent  zero-cross  points.  An 
additional  pitch  extraction  is  to  use  one  auto-cor- 
relation  function  or  other  suitable  function  of  the 

<o  period  calculation. 
Before  start  of  the  sounding,  at  least  one  pe- 

riod  waveform  is  needed  for  pitch  extraction. 
Therefore,  the  following  is  possible:  the  musical 
tone  at  the  note  as  given  by  one  string  picked  in 

is  one  string  mode,  is  first  generated,  and  the  fre- 
quency  of  the  output  sound  is  variably  controlled 
after  the  pitch  extraction. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 

20  tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 

25  erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 

so  koto  (Japanese  string  instrument). 
As  described  above,  at  the  start  of  inputting  a 

musical  tone  signal,  the  CPU  checks  if  the  peak 
values  of  the  input  signal  waveform  changes  gently 
or  steeply.  On  the  basis  of  the  check  result,  the 

35  CPU  further  checks  if  the  input  waveform  variation 
is  caused  by  the  resonance  of  the  vibrations  of 
different  strings  or  by  the  vibration  of  one  string  as 
picked.  The  musical  tone  sounding  is  allowed  only 
when  the  input  waveform  is  that  of  the  real  vibra- 

40  tion.  Therefore,  inexpensive  and  high  accuracy 
electronic  musical  instruments  can  be  provided, 
with  natural  feeling  of  sounding. 

45  Sixth  Embodiment 

1  .  General 

A  sixth  embodiment  of  an  electronic  guitar  ac- 
50  cording  to  the  present  invention  will  be  described 

referring  to  Figs.  32  to  38.  This  embodiment  is 
proposed  with  the  intention  to  improve  of  an  accu- 
racy  of  pitch  extraction. 

When  the  input  signal  waveform  rises,  it  is 
55  necessary  to  quickly  extract  the  pitches  of  the 

waveform,  and  to  send  a  sounding  start  command 
based  on  the  extracted  pitch  to  the  sound  source 
circuit.  Generally,  when  the  sound  is  generated, 
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various  kinds  of  waveforms  appear.  If  the  fun- 
damental  wave  component  is  obtained  from  the 
generated  found  by  using  a  low-pass  filter,  it  is 
very  difficult  to  determine  the  measuring  points  for 
pitch  extraction,  with  the  influence  by  the  char- 
acteristics  of  the  filter. 

Some  examples  of  the  output  waveform  of  the 
low-pass  filter  are  illustrated  in  Fig.  32.  The 
waveform  as  shown  in  Fig.  32(a)  frequently  ap- 
pears  when  a  string  is  picked.  If  the  pitch  of  that 
waveform  is  determined  by  the  time  intervals  re- 
spective  between  the  zero-cross  points  after  the 
maximum  and  minimum  peak  points,  the  controller 
of  the  musical  instrument  may  frequently  treat  the 
time  interval  of  (a)  as  one  period.  The  true  one 
period,  in  this  case,  is  the  interval  of  (b).  Thus,  if 
the  response  is  quickened  at  the  start  of  sounding, 
the  musical  instrument  mistakenly  operated. 

A  possible  measure  taken  for  this  problem  is  to 
use  a  large  threshold  level  (corresponding  to  the 
ON  level  in  the  figure),  which  is  for  checking 
whether  or  not  the  waveform  as  shown  in  Fig.  32- 
(a)  is  caused  by  the  vibration  of  a  string,  and  not  to 
detect  the  waveform  levels  below  the  threshold 
level.  When  a  weak  waveform  as  shown  in  Fig.  32- 
(b)  comes  in,  however,  this  measure  considers  that 
no  string  vibration  is  produced.  In  this  case,  of 
course,  no  sound  is  produced  from  the  sound 
source  circuit  and  it  is  extremely  unnatural  when 
hearing  the  sound  from  the  guitar. 

The  period  measurement  starts  when  both  the 
positive  and  negative  peak  points  appear  as  shown 
in  Fig.  32(c).  In  the  case  of  the  input  waveform  of 
(c)  ,  the  period  of  (c)  is  not  measured,  but  the 
period  of  (d)  is  measured.  This  indicates  that  the 
sounding  start  timing  is  slightly  delayed. 

This  embodiment  is  directed  to  solve  the  prob- 
lem  of  the  sounding  start  timing  delay. 

To  solve  this  problem,  the  maximum  and  mini- 
mum  peaks  immediately  after  the  waveform  rises 
are  compared.  A  time  interval  is  detected,  and 
used  as  the  period  of  the  musical  tone  waveform. 
The  time  interval  is  the  point  relating  to  the  larger 
peak  point  is  used  as  the  sounding  start  point.  The 
peak  point,  which  is  similarly  detected  and  exists  in 
the  same  domain  as  that  of  the  larger  peak  point,  is 
used  as  the  end  of  the  time  interval.  A  controller 
directs  the  start  of  sounding  the  musical  tone  at  the 
frequency  as  defined  by  the  detected  period. 

The  point  relating  to  the  maximum  and  mini- 
mum  peak  points  may  be  the  zero-cross  point 
immediately  after  or  before  the  maximum  or  mini- 
mum  peak  point,  or  may  be  the  maximum  or 
minimum  peak  point  per  se. 

2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

A  circuit  arrangement  of  the  sixth  embodiment 
according  to  the  present  invention  is  illustated  in 

5  Fig.  33.  This  arrangement  is  substantially  the  same 
as  that  of  the  embodiment  thus  far  described, 
except  some  portions.  Only  the  difference  will  be 
described,  with  the  designation  of  like  reference 
symbols  for  like  portions. 

70  CPU  600  receives  interrupt  signals  INTan  and 
INTbn  (n  is  any  of  1  to  6)  from  pitch  extraction 
circuits  P1  to  P6,  and  cooperates  with  work  mem- 
ory  601  to  work  out  the  period  data. 

75 
2)  Operation 

A  interrupt  routine,  which  is  applied  for  CPU 
600,  and  a  main  routine  are  illustrated  in  Figs.  34, 

20  35A  and  35B.  Although  these  routines  are  for  only 
one  string  operation,  the  same  processings  are 
correspondingly  applied  for  other  five  string  oper- 
ations.  In  processing  these  six  string  operations, 
CPU  600  executes  the  processings  for  six  strings 

25  in  a  time  divisional  manner. 
Before  proceeding  with  the  detailed  description 

of  the  CPU  operation,  main  registers  in  work  mem- 
ory  601  will  first  be  described.  A  STEP  register 
contains  four  stages  0,1,2,  and  3.  The  contents  of 

30  the  STEP  register  progressively  change,  as  shown 
in  Fig.  36(b)  or  Fig.  37(b),  as  the  string  is  picked 
and  vibrates  (Fig.  36(a)  or  Fig.  37(a)).  The  contents 
0  of  this  register  represents  the  note-off  state. 

A  SIGN  register  is  use  for  indicating  that  the 
35  zero-cross  point  for  period  measurement  is  after 

the  maximum  peak  point  or  the  minimum  peak 
point.  The  contents  1  of  the  register  indicates  that 
the  zero-cross  point  after  the  maximum  peak  point, 
and  the  contents  2  of  the  register  indicates  the 

40  zero-cross  point  after  the  minimum  peak  point. 
A  REVERCE  register  stores  the  data  to  check 

whether  the  interrupt  processing  has  been  made, 
which  is  executed  at  the  arrival  of  the  zero-cross 
point  after  the  peak  point  which  is  located  in  op- 

45  position  to  the  zero-cross  point  as  given  by  the 
SIGN  register. 

A  T  register  stores  the  count  of  counter  7  at  a 
specific  point  to  measure  the  period  of  the  input 
waveform.  Count  7  free  runs  responsive  to  a  given 

so  clock  signal. 
An  AMP  (i)  register  stores  the  maximum  or 

minimum  peak  value,  more  exactly,  its  absolute 
value,  which  is  applied  from  A/D  converter  11  and 
latched  in  latch  12.  An  AMP  (1)  register  stores  the 

55  maximum  peak  value,  and  an  AMP  (2)  is  for  mini- 
mum  peak  value  storage. 

20 



:9 I  264  955 @u 

A  PERIOD  register  stores  the  data  of  mea- 
;ured.  On  the  basis  of  the  contents  of  this  register, 
JPU  600  executes  the  frequency  control  against 
requency  ROM  8  and  sound  source  circuit  9. 

As  will  be  described  later,  for  various  types  of 
udgement,  three  constants  (threshold  levels)  are 
sontained  in  CPU  600.  The  first  constants  is  ON- 
_EVI.  As  shown  in  Fig.  36(a)  and  Fig.  37(a),  the 
system  is  in  the  note-off  mode.  In  this  mode,  when 
i  peak  level  larger  than  ONLEVI,  the  CPU  consid- 
3rs  that  a  string  has  been  picked,  and  starts  the 
seriod  measurement. 

ONLEVII  is  used  in  such  a  way  that  in  the  note- 
3n  mode,  when  the  difference  between  the  pre- 
/ious  and  this-time  detection  levels  is  above  the 
evel  of  ONLEVE1I,  the  CPU  executes  the  relative- 
Dn  processing  even  if  the  tremolo,  for  example,  is 
jsed. 

OFFLEV  is  used  in  such  a  manner  that  in  the 
note-on  mode,  if  the  peak  value  detected  is  below 
this  level  of  OFFLEV,  the  note-off  processing  is 
executed  (Fig.  38). 

A  main  routine  and  interrupt  routines,  which  are 
used  in  the  sixth  embodiment,  will  be  described. 
The  preparatory  knowledge  as  mentioned  above 
will  assist  you  in  understanding  the  routine  descrip- 
tion  to  follow. 

CPU  600  receives  the  output  signal  of  AND 
gate  224  or  225  as  interrupt  signal  INTa  or  INTb, 
and  executes  the  interrupt  processing  shown  in 
Fig.  34. 

When  receiving  interrupt  signal  INTa,  the  CPU 
executes  step  P1  and  sets  the  a-register  to  "1". 
When  receiving  interrupt  signal  INTb,  the  CPU  ex- 
ecutes  step  P2  and  sets  the  same  resistor  to  "2". 

In  step  P3,  CPU  600  presets  the  count  of 
counter  7  into  the  t-register  in  the  CPU.  In  the  next 
step  P4,  the  CPU  fetches  the  peak  level  data  in 
A/D  converter  411,  and  sets  that  data  into-  the  fa- 
register  of  CPU  600.  In  step  P5,  CPU  600  clears 
FF  214  or  215.  In  step  P6,  CPU  600  transfers  the 
contents  of  the  a-,  b-,  and  c-registers  to  work 
memory  601  for  storage.  At  this  point,  the  interrupt 
processing  is  completed. 

In  step  Q1  of  the  main  routine  (Figs.  35A  and 
35B),  CPU  600  judges  whether  or  not  the  contents 
of  the  a'-,  b'-,  and  c'-registers  have  been  stored  into 
work  memory  601,  through  the  interrupt  process- 
ing.  Primed  characters  a',  b'  and  c'  corresponds  to 
a,  b  and  c  above,  and  indicate  that  these  items  of 
data  have  previously  stored,  respectively.  If  no 
interrupt  processing  has  been  executed,  the  an- 
swer  to  step  Q1  is  NO,  and  CPU  600  repeats  the 
execution  of  step  Q1. 

If  the  answer  is  YES,  the  CPU  advances  to 
step  Q2.  In  this  step,  the  CPU  reads  out  the 
registered  contents  a',  b'  and  t'.  Then,  the  CPU 
goes  to  step  Q3,  and  reads  out  the  peak  value  at 

the  peak  point  ot  tne  same  type  (maximum  or 
minimum)  which  has  been  stored  in  AMP  (a')  regis- 
ter.  The  CPU  sets  the  peak  value  b'  extracted  this 
time-  into  AMP  (a')  register. 

;  In  step  Q4  to  Q6,  the  CPU  checks  if  the 
contents  of  STEP  register  is  3,  2  or  1.  When  the 
system  of  the  electronic  guitar  under  discussion  is 
in  the  initial  condition,  the  STEP  register  is  0,  and 
therefore  the  answer  to  steps  Q4,  Q5  and  Q6  is 

o  NO.  In  step  Q7,  the  CPU  checks  if  the  peak  value 
b'  detected  this  time  is  above  or  below  the  level  of 
ONLEVI. 

If  the  peak  value  b'  is  below  ONLEVI,  the 
sounding  start  processing  is  not  executed  and  the 

5  CPU  returns  to  step  Q1.  If  it  is  above  ONLEVI,  step 
Q7  gives  the  answer  of  YES  and  the  CPU  ad- 
vances  to  step  Q8. 

In  step  Q8,  the  CPU  sets  "1"  to  the  STEP 
register.  In  the  next  step  Q9,  the  CPU  sets  "0"  to 

>o  the  REVERSE  register.  In  step  Q10,  the  CPU  in- 
puts  the  value  of  a'  into  the  SIGN  register.  The 
value  of  a'  is  "1"  at  the  zero-cross  point  imme- 
diately  after  the  maximum  peak  point,  and  is  "2"  at 
the  zero-cross  point  immediately  after  the  minimum 

?5  peak  point. 
In  step  Q11,  the  value  of  t'  is  set  in  the  T 

register.  As  the  result  of  it,  the  value  of  a'  is  set  in 
the  SIGN  register,  that  of  b'  in  the  AMP  register, 
and  that  of  t'  in  the  T  register.  In  this  instance,  the 

30  value  of  the  SIGN  register  is  "1"  (Fig.  36(a)  and 
Fig.  37(a)).  Then,  the  CPU  returns  to  step  Q1 
again. 

The  processing  of  the  main  routine  immedi- 
ately  after  zero-cross  point  Zero  1  in  Fig.  36(a)  and 

35  Fig.  37(a)  is  completed  through  the  execution  of 
the  sequence  of  processing  steps  as  explained 
above. 

The  main  routine  immediately  after  the  zero- 
cross  point  Zero  2  will  be  described.  In  this  pro- 

40  cessing,  steps  Q1  ,  Q2,  Q3,  Q4,  Q5  and  Q6  will  be 
executed  .  If  the  answer  YES  is  given  in  step  Q6, 
the  CPU  advances  to  step  Q12. 

When  the  input  waveform  rises  at  the  time  of 
waveform  inputting  as  shown  in  Fig.  36(a)  and  Fig. 

45  37(a),  the  SIGN  register  is  "1".  Since  the  present 
wave  of  the  waveform  has  passed  the  negative 
peak,  the  register  is  "2"  and  NO  is  given.  When 
the  zero-cross  point  immediately  after  the  peak 
point  with  the  same  polarity  is  reached,  this  step 

so  gives  YES.  The  CPU  does  not  execute  any  further 
processing  and  returns  to  step  Q1. 

In  step  Q12,  NO  is  given,  and  after  that,  the 
CPU  advances  to  Q13  and  sets  2  in  the  STEP 
register  (see  Fig.36(b)  and  Fig.  37(b)). 

55  Following  step  Q13,  the  CPU  executes  step 
Q14  and  compares  the  previous  peak  point  (AMP 
(SIGN))  with  the  present  peak  point  (b').  If  the 
previous  value  X0  is  smaller  than  the  present  value 
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(X>XO)  as  shown  in  Fig.  36(a),  YES  will  be  given. 
To  set  up  the  period  measuring  start  point  at  time 
point  t'  (Fig.  36(c)).  the  CPU  jumps  from  step  Q14 
to  steps  Q10  and  Q11,  to  set  2  in  the  SIGN  register 
and  at  the  same  time  to  transfer  the  contents  of  the 
t'-register  to  the  T  register. 

On  the  contrary,  if  the  previous  peak  point  is 
above  the  present  peak  point,  XKXO,  as  shown  in 
Fig.  37(a),  NO  is  given  in  step  Q14  and  1  is  set  in 
the  REVERSE  register  in  step  Q15.  In  this  case, 
the  previous  point  1  is  maintained  in  the  SIGN 
register.  As  the  result  of  it,  the  previous  zero-cross 
point  Zero  1  is  the  period  measuring  start  point,  in 
this  case  (see  Fig.  37(c)). 

When  the  CPU  executes  the  main  flow  after 
the  next  zero-cross  point  (Zero  3)  is  passed,  the 
CPU  advances  to  step  Q16  after  YES  is  given  in 
step  Q5.  The  present  value  of  a'  is  1,  that  of  the 
SIGN  register  is  2  as  shown  in  Fig.  36,  and  that  of 
the  SIGN  register  is  1  as  shown  in  Fig.  37.  There- 
fore,  in  the  case  of  Fig.  36,  NO  is  given  in  step 
Q16  and  the  CPU  advances  to  Q15  and  returns  to 
Q1.  In  other  words,  CPU  600  recognizes  that  the 
first  peak  point  (amplitude  X2)  is  passed  after  the 
period  measurement  starts. 

In  Fig.  37,  the  CPU  has  the  answer  of  YES  in 
step  Q16  and  advances  to  step  Q17  to  check  if  the 
value  of  the  REVERSE  register  is  1  .  If  the  value  of 
the  REVERSE  register  is  not  1,  the  CPU  judges 
NO  and  returns  to  step  Q1.  As  mentioned  above, 
after  execution  of  step  Q15,  the  value  of  this  regis- 
ter  is  1.  Then,  the  CPU  advances  to  step  Q17  and 
Q18,  and  inputs  3  in  the  STEP  register  (see  Fig. 
37).  In  step  19,  the  CPU  subtracts  the  value  of  the 
T  register,  i.e.  the  time  of  the  zero-cross  point  Zero 
1  ,  from  the  value  of  the  counter  7  given  by  the  this- 
time  interrupt  processing,  and  the  CPU  loads  it  in 
the  PERIOD  register. 

The  time  length  PERIOD  shown  in  Fig.  37(c)  is 
that  of  one  period.  In  step  Q20,  the  CPU  transfers 
the  contents  of  t'  to  the  T  register,  and  starts  the 
new  period  measurement. 

In  step  Q12,  CPU  600  issues  a  sounding  start 
(note-on)  command  to  frequency  ROM  8  and 
sound  source  circuit  9  in  accordance  with  the  con- 
tents  of  the  PERIOD  register.  At  this  time,  the 
sounding  starts. 

In  the  case  of  Fig.  36,  the  main  flow  after  the 
next  zero-cross  point  Zero  4  is  executed  again,  and 
the  CPU  jumps  from  step  Q5  to  Q16.  Since  the 
value  of  the  SIGN  register  is  now  2,  YES  is  given  in 
step  Q16.  Subsequently,  steps  Q17  to  Q21  are 
executed.  At  this  time,  CPU  600  recognizes  the 
time  interval  from  zero-cross  points  Zero  2  to  Zero 
4  shown  in  Fig.  36(c),  as  one  period.  The  guitar 
starts  the  sounding  of  the  musical  tone  at  the 
frequency  as  defined  by  the  time  length  recog- 
nized  (see  Fig.  36). 

Thus,  the  period  measurement  is  executed 
from  the  next  zero-cross  point  after  the  peak  point 
whose  value  is  big.  the  period  measurement  is 
completed  at  the  next  zero-cross  point  located  in 

5  the  same  side  as  the  previous  peak  point.  As  the 
result  of  it,  the  period  of  low-pass  filter  3  output 
waveform  is  extracted. 

After  the  sounding  start  processing,  the  CPU 
advances  from  step  Q4  to  step  Q22  in  the  main 

70  routine  processing,  and  checks  if  the  value  of  the 
present  peak  point  b'  is  above  OFFLEV  as  shown 
in  Fig.  38. 

If  now  that  value  is  above  this  level,  the  CPU 
advances  to  step  Q23,  and  judge  whether  or  not 

75  the  relative-on  processing  should  be  executed.  In 
other  words,  the  CPU  checks  if  the  value  of  the 
present  peak  point  (b')  is  above  that  of  the  previous 
peak  point  by  ONLEVII,  i.e.  checks  if  the  value  of 
the  extracted  peak  point  rapidly  increases  during 

20  sounding. 
When  a  string  is  picked,  the  vibration  of  the 

string  gradually  damps  toward  zero.  NO  is  given  in 
step  Q23.  In  case  that  before  the  vibration  of  the 
string  previously  picked  damps  to  zero,  another 

25  string  is  picked  by  the  tremolo  playing,  for  exam- 
ple,  the  answer  to  step  Q23  is  often  YES. 

In  this  case,  the  CPU  jumps  to  step  Q8  after 
judging  YES  in  Q23,  and  then  executes  step  Q9  to 
step  Q11.  As  a  result,  the  CPU  sets  "1"  in  the 

30  STEP  register,  and  subsequently  executes  the 
same  processing  as  that  of  the  sounding  start.  In 
other  words,  after  loading  "1  "  in  the  STEP  register, 
the  CPU  executes  step  Q16  to  step  Q21  again,  and 
executes  the  relative-on  processing. 

35  In  the  normal  picking,  the  CPU  executes  step 
Q23  followed  by  step  Q24,  and  compares  the  con- 
tents  of  a'-register  with  those  of  the  SIGN  register. 
If  these  do  not  coincide,  the  CPU  advances  to  step 
Q15  for  the  interrupt  processing  at  the  next  zero- 

40  cross  point.  If  these  coincide,  the  CPU  proceeds  to 
step  Q2  because  the  present  wave  of  the  waveform 
has  the  peaks  with  the  opposite  polarities  (positive 
and  negative  peaks)  in  the  past.  Then  the  CPU 
judges  whether  or  not  the  value  of  the  REVERSE 

45  register  is  "1  ".  If  the  result  is  NO,  if  returns  directly 
to  step  Q1.  If  YES  is  given,  the  CPU  advances 
from  step  Q25  to  step  Q26.  Then  the  contents  of 
the  T  register  is  subtracted  from  those  of  the  t' 
register  for  obtaining  a  new  period,  and  the  result 

so  is  set  in  the  PERIOD  register. 
In  step  Q27,  the  contents  of  t'  register  are 

transferred  to  the  T  register.  Subsequently,  on  the 
basis  of  the  value  of  the  PERIOD  register  obtained 
in  step  Q28,  CPU  100  executes  the  frequency 

55  control  for  frequency  ROM8  and  sound  source 
circuit  9. 
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Thus,  this  embodiment  discretely  picks  up  a 
variation  of  the  frequency  of  string  vibration,  and 
;ontrols  the  frequency  according  to  the  picked  up 
discrete  data  in  a  real  time  manner. 

The  CPU  advances  from  step  Q28  to  step  Q29, 
and  clears  the  REVERSE  register,  and  finally  ex- 
scutes  the  period  measuring. 

As  described  above,  when  the  string  vibration 
jamps  and  the  peak  value  becomes  below  the 
level  of  OFFLEV,  the  CPU  jumps  from  step  Q22  to 
step  Q30  to  clear  the  STEP  register.  In  the  next 
step  Q31,  the  note-off  processing  is  executed,  and 
the  CPU  gives  the  note-off  command  to  sound 
source  circuit  9,  to  stop  the  sounding  of  musical 
tone. 

Thus,  if  the  waveform  as  shown  in  Fig.  32(a)  is 
input,  the  time  length  of  (b)  is  measured,  and  as 
the  measurement  terminates,  the  sounding  start 
processing  is  executed.  Since  the  on-level  may  be 
reduced,  the  vibration  as  shown  in  Fig.  32(b)  can 
be  detected.  In  the  case  of  the  waveform  of  Fig. 
32(c),  the  sounding  starts  as  soon  as  the  period  of 
(c)  or  the  first  wave  is  measured.  Therefore,  the 
sounding  can  be  quickly  started,  providing  a  quick 
response. 

In  the  above-mentioned  embodiment,  the  CPU 
executes  the  interrupt  processing  at  the  zero-cross 
point  immediately  after  each  peak  point  followed 
by  the  various  types  of  processings  such  as  the 
sounding  start,  period  calculation,  relative-on  and 
note-off.  If  necessary,  these  processings  can  be 
executed  when  each  peak  point  is  detected  or 
when  the  zero-cross  point  immediately  before  the 
peak  point  is  detected.  Any  other  suitable  measure 
may  be  taken  for  obtaining  the  reference  point. 

3.  Effects 

As  described  above,  the  maximum  and  mini- 
mum  peak  values  immediately  after  the  input 
waveform  rises,  are  compared  with  each  other.  A 
time  interval  is  detected  as  the  period  of  the 
waveform.  The  time  interval  starts  at  a  point  relat- 
ing  to  the  larger  peak  point,  and  terminates  at  a 
peak  point  which  is  located  in  the  same  domain  as 
that  of  the  peak  point  as  detected  in  a  similar  way, 
and  satisfies  a  predetermined  condition.  The  period 
control  is  performed  by  using  the  detective  period. 
With  such  a  scheme,  the  exact  period  measure- 
ment  can  be  quickly  performed  at  the  start  of 
sounding,  with  lessened  delay  when  the  waveform 
rises. 

Seventh  Embodiment 

1.  General 

A  7th  embodiment  of  an  electronic  guitar  ac- 
cording  to  this  invention  will  be  described  referring 

;  to  Figs.  39  through  41  .  This  embodiment  proposed 
is  able  to  extract  the  pitch  of  an  input  signal 
waveform  even  it  contains  much  harmonic  compo- 
nents  as  shown  in  Fig.  39. 

As  shown  in  Fig.  39,  the  waveform  contain 
o  much  intensive  harmonics  has  many  peak  points 

and  cross  points.  If  the  electronic  guitar  receives 
such  a  waveform,  it  mistakenly  measure  one  wave 
length  time  interval  P  as  intervals  PS  and  PR, 
which  are  each  different  from  the  true  time  interval 

5  P.  The  guitar  sounds  the  musical  tone  at  incorrect 
pitches.  This  is  problematic  in  the  technique  dis- 
closed  in  KOKOKU  No.  61-51793.  In  this  technique, 
when  the  adjacent  waveform  periods  are  substan- 
tially  equal,  the  frequency  control  is  executed  on 

>o  the  basis  of  the  time  length  of  the  period  com- 
pared. 

This--  embodiment  is  directed  to  solve  such  a 
problem,  and  provides  an  electronic  guitar  which 
can  exactly  extract  the  pitch  of  the  much  harmonic 

?5  contained  waveform  and  sounds  the  musical  tone 
at  the  correct  pitch. 

To  achieve  this  object,  measurement  is  made 
of  the  time  length  of  a  rirst  wave  of  an  input 
waveform  which  partially  overlaps  one  wave  of  the 

30  same  waveform,  and  the  time  length  of  a  second 
wave  also  overlapping  the  first  wave.  If  the  mea- 
sured  time  lengths  are  substantially  equal,  a  control 
directs  the  sounding  of  a  musical  tone  at  the  fre- 
quency  as  defined  by  the  time  length. 

35 

2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 
40 

An  arrangement  of  the  seventh  embodiment  is 
substantially  the  same  as  that  of  the  sixth  embodi- 
ment  (Fig.  33).  The  interrupt  routines  INTa  and 
INTb  executed  by  CPU  600  are  the  same  as  those 

45  in  the  sixth  embodiment. 

2)  Operation 

50  The  operation  of  the  seventh  embodiment  will 
be  given  placing  an  emphasis  on  the  main  routine. 

Before  proceeding  with  the  detailed  description 
of  the  CPU  operation,  main  registers  in  work  mem- 
ory  601  will  first  be  described. 

55  PS,  PR  and  P  registers  store  respectively  the 
measuring  time  of  one  period  PS,  the  measuring 
time  of  one  period  PR  partially  overlapping  the 
period  PS,  and  the  measuring  time  of  one  period  P 
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partially  overlapping  the  period  PR.  When  these 
three  pitch  data  PS,  PR  and  P  are  substantially 
coincident.  CPU  600  executes  the  frequency  con- 
trol  for  frequency  ROM  8  and  sound  source  circuit 
9  on  the  basis  of  the  last  pitch  data  P.  This  will  be 
described  in  detail  later.  At  other  time  than  the 
sounding  start  time,  every  one  period,  the  pitch 
data  of  the  P  register  is  transferred  intactly  to  the 
PS  register.  In  the  subsequent  description,  PS,  PR 
and  P  will  be  referred  to  the  first,  second  and  third 
periods,  respectively. 

The  TS  register  stores  the  count  of  counter  7 
at  the  start  of  the  period  P.  The  TR  register  stores 
the  count  of  counter  7  at  the  start  of  the  PR  period. 
These  registers  are  used  to  obtain  the  respective 
pitch  data.  The  counter  7  free  runs  to  count  at  a 
given  clock  signal. 

A  TRIGGER  register  is  set  to  "1"  during  one 
period  just  before  the  sounding  starts,  as  shown  in 
Fig.  41  .  In  other  periods  than  this,  this  register  has 
"0"  and  stores  the  data  indicating  "preparatory 
processing  for  sounding  start  being  progressed". 

A  SIGN  register  is  used  to  indicate  that  the 
zero-cross  point  for  period  measurement  is  located 
after  the  maximum  peak  point  or  the  minimum 
peak  point.  The  1  of  the  register  indicates  that  the 
zero-cross  point  after  the  maximum  peak  point,  and 
the  2  of  the  register  indicates  the  zero-cross  point 
after  the  minimum  peak  point. 

An  AMP  (i)  register  stores  the  maximum  or 
minimum  peak  value,  more  exactly,  its  absolute 
value,  which  is  applied  from  A/D  converter  11  and 
latched  in  latch  412.  An  AMP  (1)  register  stores  the 
maximum  peak  value,  and  an  AMP  (2)  register  for 
minimum  peak  value  storage. 

Additionally,  CPU  600  further  contains  three 
threshold  levels  ONLEVI,  ONLEVII  and  ONLEV. 

In  main  routine  (Figs.  40A  and  40B),  CPU  600 
:lears  the  each  register  of  TRIGGER,  AMP(1  ),  and 
\MP(2)  in  steps  S31  to  S33  first.  In  step  S1,  the 
CPU  executes  the  interrupt  processing  as  men- 
tioned  above,  and  judges  if  the  contents  of  a',  b\ 
and  t'  (corresponding  to  to  a,  b,  and  t'  and  indicate 
:he  previous  recording)  have  been  saved  into  work 
memory  101.  If  no  interrupt  processing  has  been 
sxecuted,  the  answer  of  NO  is  given,  and  this  step 
31  is  executed  repeatedly. 

If  step  S1  gives  YES,  the  next  step  S2  is 
sxecuted  to  read  out  the  contents  a',  b'  and  t'.  In 
he  next  step  S3,  CPU  600  reads  out  the  value  of 
Deak  point  of  the  same  type  (maximum  or  mini- 
num  from  AMP(a')  register,  and  loads  it  into  the  s' 
egister  in  the  CPU.  Further,  the  CPU  sets  the  peak 
/alue  b'  now  extracted  in  the  AMP(a')  register. 

In  step  S4,  the  CPU  if  the  contents  of  TRIG- 
GER  register  is  "1"  or  not.  If  the  system  of  the 
Jlectronic  guitar  is  in  the  initial  condition  "1"  can- 
lot  be  set  in  the  register,  the  CPU  goes  to  step  S5 

where  it  checks  if  the  note-on  condition  has  been 
set  up  or  not.  In  this  case,  however,  the  note-on 
condition  has  not  been  set  up,  and  the  CPU  returns 
to  step  S1  .  If  the  input  signal  whose  level  is  larger 

5  than  ONLEVI  comes  in,  step  S6  gives  the  answer 
of  YES  and  then  step  S7  will  be  executed. 

In  step  S7,  the  a'  value  is  input  to  the  SIGN 
register.  The  value  of  a'  is  1  at  the  zero-cross  point 
immediately  after  the  maximum  peak  point,  and  is 

w  2  at  the  zero-cross  point  immediately  after  the 
minimum  peak  point. 

In  steps  S8  and  S9,  the  CPU  the  value  of  t'  as 
the  count  value  at  the  start  of  the  first  period  PS, 
into  the  TS  register,  and  loads  "1  "  into  the  TRIG- 

75  GER  register.  As  the  result  the  value  of  a'  is  loaded 
into  the  SIGN  register  (in  the  case  of  Fig.  41(a), 
this  register  contains  "1  ").  The  value  of  b'  is  set  in 
the  AMP  register,  and  the  value  of  t'  to  the  TS 
register.  Then  the  CPU  returns  to  step  S1  . 

20  The  processing  of  main  routine  immediately 
after  the  zero-cross  point  Zero  1  (Fig.  41(a)  is 
completed  at  this  point. 

The  processing  in  the  main  routine  immedi- 
ately  after  the  zero-cross  point  Zero  2  will  be 

25  disturbed.  In  steps  S1  to  S3  the  data  set  process- 
ing  is  executed  and  in  step  S4  the  answer  is  YES 
and  step  S10  is  then  executed. 

When  the  waveform  goes  positively  at  the  time 
of  waveform  inputting,  as  shown  in  Fig.  41(a),  the 

so  SIGN  register  contains  "1  ".  The  present  waveform 
having  the  negative  peak  in  the  past  and  therefore 
the  a'-register  contains  "2".  And  this  condition,  NO 
is  given  and  step  S1  1  is  executed.  In  this  step,  the 
value  of  t'  as  the  count  value  at  the  start  of  the 

35  second  period  PR  is  set  in  the  TR  register.  Then, 
the  CPU  returns  to  step  S1. 

After  the  next  zero-cross  point  Zero  3,  if  the 
main  routine  is  executed  again,  the  answer  of  YES 
is  given  in  step  S4  and  then  the  CPU  jumps  to  step 

«j  S10.  The  present  value  of  a'  is  "1"  and  SIGN  is 
"1".  Therefore  step  S10  gives  the  answer  YES  and 
step  S12  is  executed  to  clear  the  TRIGGER  regis- 
ter.  In  the  succeeding  step  S13,  the  value  of  the 
TS  register,  i.e.,  the  time  at  zero-cross  point  Zero  1 

«  is  subtracted  from  the  count  of  counter  7  which  is 
accepted  in  this-time  interruption  and  is  contained 
in  the  t'-register.  The  result  of  subtraction  is  loaded 
into  the  PS  register. 

In  this  way  the  pitch  data  of  the  first  period  PS 
>o  whose  length  is  PS  shown  in  Fig.  41  (c)  is  obtained. 

In  step  S14,  as  shown  in  Fig.  41(d),  CPU  600 
gives  a  note-on  command  to  the  frequency  ROM  8 
and  sound  source  circuit  9,  according  to  the  con- 
tents  of  the  PS  register.  And  the  sounding  starts  at 

>5  this  time  point.  Alternatively,  the  musical  tone  as 
given  by  the  open  string  in  place  of  the  contents  of 
the  PS  register  may  be  generated. 

14 
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In  the  main  routine  processing  immediately 
after  the  next  zero-cross  point  Zero  4,  the  note-on 
node  is  set  up.  The  CPU  cause  from  step  S5  to 
step  S15  and  checks  if  the  value  of  b'  as  the  peak 
value  fetched  just  now  is  above  the  OFFLEV  level. 
If  it  is  above  the  OFFLEV,  the  CPU  checks  if  the 
relative-on  processing  is  executed.  More  specifi- 
cally,  the  CPU  checks  if  the  this-time  peak  value  b- 
is  by  ONLEVII  larger  than  the  previous  peak  value 
"c",  that  is  to  say,  checks  if  the  extracted  peak 
value  abruptly  increases  during  the  sounding. 

When  the  string  is  picked,  the  string  gradually 
damps  toward  zero.  The  answer  of  this  step  S16  is 
NO.  In  case  where  before  the  vibration  of  a  string 
is  damped  to  zero,  the  string  is  picked  again,  by 
the  tremolo  playing,  the  answer  of  step  S16  may 
be  YES,  although  this  is  a  rare  case.  In  this  case 
step  S16  gives  YES  and  flow  jumps  to  step  S17 
and  steps  S8  and  S9  are  executed  consecutively. 
As  a  result,  "1"  is  set  in  the  TRIGGER  register  and 
exactly  the.  same  operation  as  that  at  the  sounding 
start  will  be  executed.  In  other  words,  steps  S12  to 
S14  are  successively  executed  to  effect  the 
relative-on  processing. 

In  a  normal  condition,  step  S17  following  step 
S16  is  executed  to  compare  the  value  of  a'  and  the 
value  of  the  SIGN  register.  If  these  are  not  co- 
incident  as  in  the  case  of  zero-cross  points  Zero  4, 
Zero  6,  steps  S18  and  S19  are  executed.  In 
these  steps  the  contents  of  the  TR  register  is 
subtracted  from  the  t'  register  to  obtain  the  second 
period  PR.  The  PR  is  set  in  the  PR  register,  and 
the  value  of  t'  is  set  in  the  TS  register  in  order  to 
obtain  the  pitch  data  of  the  next  period  PR. 

At  the  "zero-cross  point  Zero  5,  Zero  7 
whose  characteristics  are  reverse  to  those  of  zero- 
cross  points  Zero  4  and  Zero  6,  sequences  of 
steps  S1  to  S5  and  S15  to  S17  are  executed.  In 
this  instance,  the  contents  of  the  a'-register  co- 
incides  with  the  contents  of  the  TS  register.  There- 
fore,  step  S20  is  executed.  In  the  step  the  contents 
difference  between  the  t'-register  and  TS  register  is 
obtained  to  have  the  pitch  data  of  the  next  third 
period.  The  difference  is  set  in  the  P  register.  The 
value  t'  is  set  in  the  TS  register  in  order  to  obtain 
the  pitch  data  of  the  next  third  period  P,  in  step 
S21. 

Subsequently,  in  step  S22,  CPU  600  checks  if 
the  data  difference  between  the  first  and  third 
periods  PS  and  P  is  within  a  predetermined  error 
tolerance  which  is  times  the  third  period  P 
(0<a<0.4).  Further,  in  step  S23  the  CPU  checks  if 
the  data  difference  between  the  second  and  third 
periods  PR  and  falls  within  a  predetermined  error 
tolerance  which  is  times  the  third  period  P 
(0<a<0.4).  If  these  three  items  of  pitch  data  PS,  PR 
and  P  are  coincident  within  the  tolerance,  in  step 
S24  the  CPU  executes  the  frequency  control  (pitch 

change)  for  frequency  ROM  8  and  sound  source  9 
as  shown  in  figure  5(d).  If  these  are  not  coincident 
with  each  other,  the  CPU  does  not  execute  the 
pitch  change  processing  in  step  S24,  and  main- 

5  tains  the  pitch  thus  far  used. 
As  described  above,  by  comparing  three  items 

of  pitch  data,  exact  pitch  extraction  is  performed, 
with  sounding  of  the  musical  tone  at  the  correct 
pitch. 

w  The  electronic  guitar  discretely  picks  up  the 
frequency  variation  in  the  string  vibration  time  to 
time,  and  executes  the  frequency  control  on  the 
basis  of  the  picked  up  data  in  a  real  time  manner. 

The  CPU  goes  from  step  S24  to  step  S25,  and 
rs  transfers  the  pitch  data  of  the  third  period  in  the  P 

register  into  the  PS  register.  That  pitch  data  is 
used  as  the  pitch  data  of  the  next  new  first  period. 

As  described  above,  the  string  vibration  gradu- 
ally  damps  and  its  level  is  below  the  OFFLEV  level, 

20  the  CPU  goes  from  step  15  to  step  26,  and  ex- 
ecutes  the  note-off  processing  (sounding-off  pro- 
cessing),  as  shown  in  the  right  portion  of  Fig.  41. 
The  CPU  gives  a  note-off  command  to  sound 
source  circuit  9  to  stop  the  sounding. 

25  In  this  way,  the  sounding  preparation  and  soun- 
ding  start  processings  in  the  steps  S7  to  S9,  step 
S11,  and  steps  12  to  S14  are  performed  at  the 
respective  zero-cross  points  of  the  first  period.  At 
the  zero-cross  points  immediately  after  the  mini- 

30  mum  peak  points  of  the  respective  periods,  viz.,  .at 
the  even-numbered  zero-cross  points  of  the  input 
waveform  of  Fig.  41,  the  pitch  change  processing 
is  executed  in  steps  S18  and  S19.  At  the  zero- 
cross  points  immediately  after  the  maximum  peak 

35  points,  viz.,  at  the  odd-numbered  zero-cross  points 
of  the  input  waveform  of  Fig.  41,  the  same  pro- 
cessing  is  executed  in  steps  S20  to  S25.  Finally, 
the  note-off  processing  is  performed  in  step  S26. 

As  seen  from  the  description  relating  to  Fig. 
40  39,  even  if  the  input  waveform  contains  much  har- 

monics  the  frequency  change  processing  is  not 
performed  unless  the  periods  PS,  PR  and  P  are 
equal  to  one  another.  The  result  reduces  the  pos- 
sibility  of  the  erroneous  pitch  extraction. 

45  In  the  pitch  comparing  processing  in  steps  S22 
and  S23,  the  comparison  of  PS  and  PR  is  allowed 
in  addition  to  the  comparison  of  PS  and  P,  PR  and 
P.  The  essential  is  to  check  if  these  three  factors 
are  equal  or  not.  The  pitch  data  used  in  the  pitch 

so  changing  processing  in  step  S24  following  the  de- 
tection  of  three  factors  equality  may  be  the 
arithmetic  mean  or  the  geometrical  means  PS,  PR 
and  P,  in  addition  to  the  P.  Additionally,  two  or 
three  of  these  factors  are  appropriately  weighted, 

55  and  then  averaged  for  that  data. 

25 



49 0  264  955 50 

In  the  above-mentioned  embodiment,  the  soun- 
ding  of  the  musical  tone  is  started  according  to  the 
contents  of  the  PS  register,  improving  the  response 
of  the  musical  instrument  system.  Alternatively, 
after  detection  of  the  coincidence  of  these  three 
factors  PS,  PR  and  P,  the  musical  tone  at  the 
extracted  frequency  may  be  sounded. 

While  in  the  above-mentioned  embodiment,  the 
pitch  between  the  zero-cross  points  is  measured,  it 
is  allowed  to  measure  the  period  between  any 
other  suitable  points,  such  as  the  maximum  peak 
point  and  zero-cross  point,  the  minimum  peak  point 
and  zero-cross  point,  and  the  maximum  and  mini- 
mum  peak  points.  In  such  a  case,  the  signal  output 
from  maximum  or  minimum  peak  detector  4  or  5  is 
used  as  the  interrupt  signal  INT,  and  the  same 
effects  can  be  obtained.  Additionally,  a  similar  pro- 
cessing  may  be  executed  upon  detection  of  the 
zero-cross  point  immediately  before  the  peak  point. 
Any  other  measure  may  be  used  to  set  up  the 
reference  point  for  pitch  extraction. 

In  the  above-mentioned  embodiment,  the  re- 
spective  processings  are  executed  in  the  main 
flow,  but  these  may  be  executed  in  the  interrupt 
processings. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instrument  electronic  string 
instruments  such  as  electronic  violins  and  koto 
(Japanese  string  instrument). 

3.  Effects 

As  seen  from  the  foregoing  description,  in  the 
seventh  embodiment,  measurement  is  made  of  the 
time  length  of  a  first  wave  of  an  input  waveform 
which  partially  overlaps  one  wave  of  the  same 
waveform,  and  the  time  length  of  a  second  wave 
also  overlapping  the  first  wave.  If  the  measured 
time  lengths  are  substantially  equal,  the  CPU 
directs  the  sounding  of  a  musical  tone  at  the  fre- 
quency  as  defined  by  the  time  length.  Therefore, 
the  system  of  the  electronic  guitar,  which  is  best 
on  the  three  periods  comparison,  can  exactly  ex- 
tract  the  pitch  of  the  waveform  even  if  it  contains 
much  harmonics. 

1  .  General 

An  eighth  embodiment  of  an  electronic  guitar 
according  to  the  present  invention  will  be  described 

5  with  reference  to  Figs.  42  through  45. 
The  eighth  embodiment  provides  the  improve- 

ments  in  that  when  the  guitar  is  played  in  a  tremolo 
mode,  the  guitar  follows  up  in  operation  a  rapid 
variation  of  the  input  musical  tone  waveform  due  to 

10  the  tremolo  playing  and  sounds  the  musical  tone 
with  natural  feelings. 

To  realize  this,  when  the  input  waveform  rap- 
idly  increases  during  the  sounding  of  musical  tone, 
the  system  detects  this  and  gives  a  relative-on 

75  command.  Through  the  relative-on  processing,  vol- 
ume  and  timbre  of  the  musical  tone  are  appro- 
priately  adjusted  so  that  the  guitar  electronic  sys- 
tem  follows  up  the  actual  tremolo  playing. 

20 
2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

25  An  arrangement  of  the  eighth  embodiment  may 
be  that  of  each  embodiment  as  mentioned  above, 
for  example,  that  of  Fig.  21  . 

30  2)  Operation 

A  main  routine  of  CPU  400  is  shown  in  Fig.  42. 
This  main  flow  is  for  only  one  string  processing. 
The  processings  of  other  strings  are  each  substan- 

35  tially  equal  to  the  Fig.  42  processing.  Therefore,  in 
an  actual  system,  the  CPU  executes  these  routines 
in  a  time  divisional  manner.  The  CPU  first  executes 
the  initial  setting  in  step  A801,  and  checks  if  the 
sounding  progresses,  in  step  A802.  If  the  sounding 

40  is  progresses,  the  CPU  goes  step  A803  and  ex- 
ecutes  the  frequency  change  processing  on  the 
basis  of  the  time  interval  data  tn  and  Tn,  and 
returns  to  step  A802. 

If  step  A802  gives  the  answer  is  NO  and  goes 
45  to  step  A804.  In  the  step  each  register  is  initialized 

or  a  necessary  command  is  sent  to  sound  source 
circuit  9.  Following  this  step,  the  CPU  returns  to 
step  A802. 

The  operation  of  the  electronic  guitar  when  a 
so  string  of  the  guitar  is  picked  will  be  described  in 

more  detail.  When  the  string  is  picked  and  an  input 
signal  waveform  rises,  low-pass  filter  3  produces 
an  output  signal  with  a  waveform  as  shown  in  Fig. 
43(a).  Simultaneously,  zero-cross  point  detector  6, 

55  maximum  peak  detector  4  and  minimum  peak  de- 

Eighth  Embodiment 
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ector  5  produce  respectively  output  signals,  as 
shown  in  Figs.  43(b)  to  43(d).  As  a  result,  as  shown 
n  Fig.  43(g),  latch  412  produces  the  output  of  A/D 
:onverter  41  1  . 

After  the  half  period  of  the  input  waveform, 
nterrupt  command  signal  INTa  is  first  applied  to 
\ND  gate  224.  In  turn,  the  interrupt  shown  in  Fig. 
H  is  executed. 

In  step  B801,  the  CPU  fetches  the  maximum 
3eak  value  from  latch  41  2,  and  in  step  802  sets  the 
Deak  value  in  FF  214.  For  this  operation,  reference 
s  main  to  the  time  chart  of  interrupt  signal  INTa 
shown  in  Fig.  43(e). 

At  this  timing,  the  CPU  saves  the  count  of 
:ounter  7  into  a  predetermined  memory  area  of  in- 
maximum  memory  201  in  step  B803.  In  step  804 
the  CPU  checks  if  the  peak  value  ak  (at  this  time  it 
is  a1).  which  has  fetched  in  step  B801,  is  larger 
than  the  reference  value  M. 

If  the  peak  value  a1  is  satisfactorily  large,  and 
the  answer  of  YES  is  given  in  step  B804,  the  CPU 
increments  the  value  of  "k"  in  the  next  step  B805. 
Actually,  a  memory  area  to  store  the  value  of  "k"  is 
contained  in  the  work  memory  of  CPU  400.  Since 
"k"  is  0,  step  B805  sets  up  k  =  1  . 

In  the  next  step  B806,  CPU  400  checks  if  k  = 
1  .  The  result  of  this  check  is  YES  and  the  next  step 
B807  is  executed.  This  step  saves  the  peak  value 
a1  extracted  in  step  B801  ,  into  a  peak  memory  (not 
shown),  which  is  provided  in  CPU  400.  The  CPU 
then  returns  to  the  main  routine. 

After  a  negative  peak  point  with  the  peak  value 
b1  is  passed,  the  zero-cross  point  is  detected, 
interrupt  signal  INTb  is  generated  as  shown  in  Fig. 
43(f),  and  control  enters  into  the  interrupt  process- 
ing  of  Fig.  45.  This  processing  is  almost  the  same 
as  that  of  Fig.  44,  and  hence  will  be  described  in 
brief. 

In  the  first  step  C801,  CPU  400  fetches  the 
peak  value  b1,  clears  FF  215  in  step  C802,  and 
saves  the  count  of  counter  7  into  in-minimum 
memory  202  in  step  C803,  and  checks  if  peak 
value  b1  is  larger  than  reference  value  M,  b1  >  M, 
in  step  C804.  In  this  instance,  the  result  of  this 
check  is  YES,  and  control  goes  to  step  C805  to 
increment  of  "m".  The  result  is  m  =  1. 

Control  goes  to  step  C806,  and  further  to  step 
C807  to  write  the  value  of  b1  into  a  predetermined 
memory  area  of  the  peak  memory. 

Interrupt  signal  INTa  is  generated.  In  response 
to  this  signal,  the  CPU  executes  the  interrupt  pro- 
cessing  of  Fig.  44,  again.  In  step  b801,  step  B801 
is  executed  to  fetch  the  value  of  a2,  and  steps 
B802  to  B805  are  consecutively  executed  to  set 
the  value  of  "k"  to  "2".  Then,  step  B805  is  ex- 
ecuted.  Since  k  =  2,  YES  is  given  and  control 
goes  to  step  B809. 

This  step  compares  m  (now  n  =  i  )  witn  k  (now 
k  =  1).  This  is  made  to  check  if  the  interrupt 
command  to  first  be  executed  is  INTa  or  INTb  (see 
Figs.  44  and  45).  In  this  case,  the  processing 

5  based  on  the  command  INTa  (since  the  input 
waveform  first  varies  positively  or  rises)  is  first 
processed,  as  described  above.  The  judgement  of 
this  step  B809  is  not  k  £  m,  but  k  >  m,  i.e.,  NO, 
and  control  advances  to  step  B810. 

'o  In  step  B810,  subtraction  is  applied  to  two  time 
data  stored  in  in  in-maximum  memory  201,  to 
obtain  time  Tn  (now  n  =  1)  shown  in  Fig.  43,  and 
hence  the  musical  tone  frequency  with  the  period 
of  T1  .  Actually,  this  step  seeks  the  fret  used  for  the 

rs  picked  string.  In  step  B811,  CPU  400  directs  fre- 
quency  ROM  8  and  sound  source  circuit  9  to  start 
the  sounding  of  the  musical  tone  with  that  fre- 
quency,  and  executes  the  note-on  processing.  This 
is  illustrated  in  Fig.  43(h).  The  musical  tone  is 

io  sounded  from  this  point. 
The  CPU  executes  step  B807  and  returns  to 

the  main  routine. 
Upon  detection  of  the  zero-cross  point  imme- 

diately  after  the  minimum  peak  point  (peak  value 
25  b2),  the  Fig.  45  interrupt  processing  is  executed 

through  a  series  of  steps  C801  to  C806.  m  =  2  is 
obtained  and  control  flows  to  step  C809.  In  this 
instance,  m  =  k  =  2,  that  is,  the  note-on  process- 
ing  is  performed  in  step  B81  1  as  described  above, 

30  and  step  C809  gives  the  decision  of  YES.  There- 
fore,  no  note-on  processing  is  performed  (steps 
C810  and  C811),  and  control  flows  through  step 
C807  to  the  main  routine. 

The  next  interrupt  processing  INTa  is  executed. 
35  Peak  value  a3  is  fetched  (step  B803),  and  control 

flows  through  steps  B802  to  B808.  Now  k  =  3,  and 
then  control  jumps  from  step  B8808  to  B812.  Step 
B808  checks  if  interrupt  processing  by  INTa  is 
executed  three  times  or  more. 

40  In  step  B812,  CPU  400  checks  the  difference 
between  the  present  peak  value  ak  (now  k  =  3) 
and  the  previous  peak  value  ak-1  (now  k  =  2),  ka  - 
ak-1,  exceeds  reference  value  R.  Generally,  the 
string  vibration  gradually  damps  if  any  action  is 

45  taken.  The  difference  (ak  -  ak-1)  takes  a  negative 
value.  The  answer  to  step  B812  is  NO,  and  control 
flows  to  step  B813.  As  described  later,  when  the 
tremolo  playing  is  made,  and  ak-1  <  ak,  CPU  400 
checks  if  ak  -  ak-1  >  R  holds.  If  it  holds,  viz.,  the 

so  relative-on  must  be  done,  this  processing  is  ex- 
ecuted  in  steps  B814  and  B815.  This  will  subse- 
quently  be  described  in  detail. 

In  this  instance,  control  flows  through  step 
B813  (equivalent  to  step  B810)  and  B807  and 

55  returns  to  the  main  routine. 
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When  interrupt  processing  INTb  arrives,  the 
processing  about  the  peak  value  b3  will  be  ex- 
ecuted  in  a  similar  manner.  Steps  C801  to  C806, 
C808,  C812  to  C813,  and  C807  are  consecutively 
executed  in  this  order,  to  complete  this  interrupt 
processing. 

In  this  way,  following  the  note-on  processing, 
the  frequency  change  processing,  for  example,  is 
appropriately  executed  in  step  A803  in  a  progres- 
sive  manner. 

As  shown  in  Fig.  43(a),  when  the  tremolo  play- 
ing  is  made,  and  before  the  sounding  terminates,  a 
string  is  picked  again,  the  interrupt  processing  is 
executed  when  the  zero-cross  point  following  the 
maximum  peak  of  an-1  is  reached,  in  step  B812, 
the  answer  of  YES  is  given  since  an  +  1  -  an  >  R, 
and  control  flows  step  B814.  In  this  step,  the  CPU 
gives  the  note-off  command  to  sound  source  circuit 
9  and  abruptly  drops  the  sounding  level  (Fig.  43(h)- 
)• 

In  the  next  step  B815,  "k"  is  set  to  "1"  and 
"m"  is  set  to  "0"  for  starting  the  relative-on  pro- 
cessing.  After  executing  step  B807,  the  CPU  re- 
turns  to  the  main  flow. 

in  the  next  interrupt  processing  by  INTb  (for 
peak  value  bn  +  1  ),  step  C805  sets  up  m  =  1  .  and 
control  flows  through  steps  C806  and  C807,  and 
returns  to  the  main  flow. 

The  interrupt  processing  by  INTa  (for  peak 
value  an  +  2)  is  then  executed.  Step  B805  sets  up  k 
=  2,  and  steps  B808  and  B809  are  executed.  In 
this  instance,  k  (=  2)  >  m  (=  1).  Steps  B810  and 
B811  are  successively  executed  to  sound  the 
musical  tone  at  the  frequency  as  defined  by  the 
time  interval  Tn. 

With  progression  of  the  procedural  steps  as 
mentioned  above,  the  maximum  peak  value  an-1  of 
the  waveform  exceeds  the  difference  between 
them.  At  this  time,  the  sounding  is  ceased,  and 
then  started  again.  In  this  case,  the  sounding  musi- 
cal  tone  is  assigned  to  another  sounding  channel  of 
sound  source  9.  Change  is  made  in  accordance 
with  volume  and  timbre,  for  example. 

The  instance  as  mentioned  above  is  an  +  1  > 
an  +  R.  Also  in  the  reverse  case  where  the  mini- 
mum  peak  value  abruptly  decreases,  i.e.,  bn  +  1  > 
bn  +  R  (Fig.  43(c),  the  relative-on  processing  is 
performed  in  a  similar  way. 

In  this  case,  in  the  interrupt  processing  INTb 
(for  peak  value  bn  +  1),  the  above  condition  is  de- 
tected  (step  C812),  and  the  note-on  processing  is 
executed  in  step  C814,  and  m  =  1  and  k  =  0  are 
set  up  in  step  C815. 

In  this  case,  in  the  interrupt  processing  INTa 
(for  peak  value  an  +  2),  k  =  1  is  set  up  in  step 
B805,  steps  B806  to  B807  are  used.  In  the  next 
interrupt  processing  by  INTb  (for  peak  value 

bn  +  2),  m  =  1  and  k  =  0  are  set  up  in  step.  In 
steps  C808  to  C811,  the  relative-on  -  processing  is 
executed.  The  frequency  of  the  musical  tone  is 
determined  by  the  time  tm  in  Fig.  43(f). 

5  The  input  waveform  damps  and  NO  is  given  in 
step  B804  (or  step  C804).  Then,  control  flows  to 
step  B816  (or  CB16).  When  the  sounding  pro- 
gresses,  CPU  400  executes  the  note-off  processing 
in  the  next  step  B818,  and  gives  a  command  of 

70  such  to  sound  source  circuit  9.  In  step  B818  (or 
C818),  k  and  m  are  set  to  "0"  for  initializing. 
Following  this  step  B818,  step  B816  is  executed, 
and  if  NO  is  given,  control  returns  to  the  main  flow. 

In  the  embodiment  as  mentioned  above,  the 
75  interrupt  processing  of  Fig.  44  is  first  executed 

because  the  waveform  rises  (varies  positively)  at 
the  start  of  waveform  inputting.  Conversely,  when  it 
falls  (varies  negative),  the  interrupt  processing  of 
Fig.  45  is  first  executed.  The  operation  of  the 

20  former  case  may  be  applied  for  the  operation  of 
the  latter  case  which  therefore  will  not  be  de- 
scribed. 

In  this  embodiment,  when  the  maximum  and 
minimum  peak  values  of  the  waveform  increase  by 

25  R  relative  to  the  peak  value,  the  CPU  judges  that 
the  waveform  abruptly  rises,  and  execute  the 
relative-on  processing  in  which  the  sounding  is 
ceased  and  is  started  again.  Therefore,  the  elec- 
tronic  guitar  system  operates  following  up  the  rapid 

30  playing  of  the  tremolo. 
In  the  above-mentioned  embodiment,  in  steps 

B812  and  C812,  the  difference  between  the  pre- 
vious  and  this-time  peak  values  is  used  for  the 
check  of  the  rapid  variation  of  waveform  by  the 

35  CPU.  Alternatively,  a  ratio  of  those  peaks  may  be 
used  for  the  same  purpose;  ak/ak-1>S  or  bk/bk- 
1>S  (S  is  an  integer  of  more  than  1). 

Additionally,  the  comparison  of  the  peak  value 
two  peaks  before  and  the  this-time  peak  value  may 

40  be  used,  although  the  comparison  of  the  previous 
peak  value  and  the  this-time  peak  value  is  used. 

Further,  in  the  embodiment  as  mentioned 
above,  the  relative-on  processing  is  executed  when 
one  of  the  peak  values  ak  and  bk  satisfies  the 

45  relation  ak  -  ak-1>R  or  bk  -  bk-1>R.  It  is  evident 
that  when  these  relations  are  both  satisfied,  the 
relative-on  processing  is  executed. 

Furthermore,  any  other  suitable  detection  may 
be  used  for  detecting  the  rapid  increase  of  the 

so  waveform  during  the  sounding. 
While  in  the  above-mentioned  embodiment,  the 

present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 

55  signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
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ponding  to  those  of  the  original  signal.  Specific 
ixamples  of  such  are  electronic  pianos  with  key 
joards,  electronic  wind  instruments'  electronic 
string  instruments  such  as  electronic  violins  and 
;oto  (Japanese,  string  instrument). 

As  described  above,  when  the  rapid  increase 
)f  the  input  waveform  signal  is  detected  during  the 
sounding  of  the  musical  tone,  the  CPU  issues  a 
lote-on  command  again.  The  electronic  system  of 
he  guitar  can  follow  up  the  rapid  variation  of  the 
vaveform,  and  hence  the  tremolo  playing  of  the 
juitar. 

înth  Embodiment 

1.  General 

A  ninth  embodiment  of  an  electronic  guitar 
according  to  the  present  invention  will  be  described 
referring  to  Figs.  46A,  46B,...  49.  The  ninth  embodi- 
ment  is  proposed  to  prevent  the  electronic  guitar 
from  erroneously  operating  when  tone  is  turned  off 
by  detaching  the  player's  finger  from  the  fret 
board. 

The  ninth  embodiment  achieves  the  following 
objects:  1)  to  ensure  the  sounding  stop,  which  is 
made  by  removing  the  finger  of  a  player  from  the 
fret  can  be  reliably  made;  3)  to  eliminates  the 
sounding  of  the  musical  tone  at  the  pitch,  which  is 
different  from  that  of  the  musical  tone  sounded 
before  the  finger  is  removed  from  the  fret;  3)  to 
realize  artificial  musical  tones  approximate  to  those 
generated  by  natural  musical  instruments  including 
the  string  instruments. 

To  achieve  the  above  objects,  the  ninth  em- 
bodiment  is  based  on  the  scheme  that  the  note-off 
is  executed  if  the  maximum  and  minimum  peak 
values  of  the  input  waveform  are  below  those  pre- 
vious  peaks,  respectively. 

2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

The  ninth  embodiment  is  operable  with  an  ar- 
rangement  similar  to  that  of  any  embodiment  as 
described  above.  For  example,  the  arrangement  of 
Fig.  33  is  available  for  the  ninth  embodiment.  Fur- 
ther,  the  interrupt  routines  may  be  that  of  Fig.  34. 

2)  Operation 

Before  proceeding  with  the  detailed  description 
of  the  CPU  operation,  main  registers  in  work  mem- 
ory  601  will  first  be  described. 

A  FLAG  (i)  register  is  usea  in  tne  rouowing 
way.  When  the  maximum  or  minimum  peak  value 
is  by  an  OFFLEVII  smaller  than  the  corresponding 
peak  value,  "1"  is  set  in  this  register.  The  FLAG 

5  (1)  is  for  the  maximum  peak,  and  the  FLAG  (2)  for 
the  minimum  peak.  When  "1  "  is  set  to  the  FLAG 
(i)  register,  the  note-off  processing  is  executed 
even  if  the  peak  is  not  below  the  OFFLEVII  level. 

A  STEP  register  contains  four  values  0,  1,  2, 
o  and  3.  The  contents  of  the  STEP  register  progres- 

sively  change,  as  shown  in  Fig.  47(b)  or  Fig.  48(b), 
as  the  string  is  picked  and  vibrates  (Fig.  47(a)  or 
Fig.  48(a)).  The  contents  0  of  this  register  repre- 
sents  the  note-off  mode.  "3"  of  the  register  in- 

5  dicates  a  state  that  the  peak  becomes  below  the 
previous  peak  by  OOFLEVEII,  and  the  note-off 
command  has  been  issued.  "1"  and  "2"  of  the 
register  indicate  that  the  normal  sounding  pro- 
gresses. 

>o  A  PERIOD  register  stores  the  data  of  measured 
period.  On  the  basis  of  the  contents  of  this  register, 
CPU  600  executes  the  frequency  control  against 
frequency  ROM  8  and  sound  source  circuit  9. 

A  SIGN  register  is  used  for  indicating  that  the 
35  zero-cross  point  for  period  measurement  is  located 

after  the  maximum  peak  point  or  the  minimum 
peak  point.  The  contents  1  of  the  register  indicates 
that  the  zero-cross  point  after  the  maximum  peak 
point,  and  the  contents  2  of  the  register  indicates 

30  the  zero-cross  point  after  the  minimum  peak  point. 
An  AMP  (i)  register  stores  the  maximum  or 

minimum  peak  value,  more  exactly,  its  absolute 
value,  which  is  applied  from  A/D  converter  11  and 
latched  in  latch  412.  An  AMP  (1)  register  stores  the 

35  maximum  peak  value,  and  an  AMP  (2)  is  for  mini- 
mum  peak  value  storage. 

As  will  be  described  later,  for  various  types  of 
judgement,  four  constants  (threshold  levels)  are 
contained  in  CPU  600. 

40  The  first  constants  is  ONLEVI.  As  shown  in  Fig. 
47(a),  the  electronic  system  of  the  guitar  is  in  the 
note-off  mode.  In  this  mode,  when  a  peak  level 
larger  than  ONLEVI,  the  CPU  judges  that  a  string 
has  been  picked,  and  starts  the  period  measure- 

45  ment. 
ONLEVII  is  used  in  such  a  way  that  in  the  note- 

on  mode,  when  the  difference  between  the  pre- 
vious  and  this-time  detection  levels  is  above  the 
level  of  ONLEVEII,  the  CPU  executes  the  relative- 

50  on  processing  even  if  the  tremolo  playing,  for  ex- 
ample,  is  used. 

OFFLEVI  is  used  in  such  a  manner  that  in  the 
note-on  mode,  if  the  peak  value  detected  is  below 
this  level  of  OFFLEVI,  the  note-off  processing  is 

55  executed  (Fig.  48(a)). 

29 
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OFFLEVII  is  used  in  such  a  manner  that  in  the 
note-on  mode,  if  the  difference  between  the  maxi- 
mum  or  minimum  peak  value  and  those  previous 
peak  values  is  detected  and  is  below  this  level  of 
OFFLEVI,  the  note-off  processing  is  executed  (Fig. 
48(b)). 

A  main  routine  and  interrupt  routines,  which  are 
used  in  the  sixth  embodiment,  will  be  described. 
The  preparatory  knowledge  as  mentioned  above 
will  assist  you  in  understanding  the  routine  descrip- 
tion  to  follow. 

In  the  main  routine  (Figs.  46A  and  46B),  after 
clearing  each  register  of  FLAG  (1),  FLAG  (2)  and 
STEP  in  steps  S901  to  S903,  the  CPU  judges 
whether  or  not  the  contents  of  a'-,  b'-and  t'-register 
are  saved  into  work  memory  601  through  the  inter- 
rupt  processing  in  step  S904.  Primed  characters  a', 
b'  and  t'  correspond  to  a,  b  and  c  above,  and 
indicate  that  these  items  of  data  have  previously 
stored,  respectively.  If  no  interrupt  processing  has 
been  executed,  the  answer  to  step  S904  is  NO, 
and  the  CPU  repeats  the  execution  of  step  S904. 

If  YES  is  given  in  step  S904,  the  CPU  ad- 
vances  to  step  S905,  and  reads  out  contents  a',  b' 
and  t'.  Then,  the  CPU  goes  to  step  S906,  and 
reads  out  the  peak  value  at  the  peak  point  of  the 
same  type  (maximum  or  minimum)  which  has  been 
stored  in  AMP  (a')  register.  The  CPU  sets  the  peak 
value  b'  extracted  this  time  into  AMP  (a').  In  steps 
S907  to  S909,  the  CPU  checks  if  the  contents  of 
the  STEP  register  is  1  ,  2  or  3.  When  the  system  of 
the  electronic  guitar  is  in  the  initial  condition,  the 
STEP  register  is  0,  and  therefore  the  answer  to 
steps  S907.  S908,  S909  is  NO.  In  step  S910,  the 
CPU  checks  if  the  peak  value  b'  detected  this  time 
is  above  or  below  the  level  of  ONLEVI. 

If  NO  is  given  in  step  S910,  the  note-on  or 
sounding  start  processing  is  not  executed  and  the 
CPU  returns  to  step  S904.  As  shown  in  Fig.  47(a), 
if  the  peak  value,  which  is  output  through  low-pass 
filter  3,  is  above  ONLEVI,  YES  is  given  in  step 
3910  and  the  CPU  advances  to  step  S911. 

In  step  S911,  the  CPU  sets  "1"  in  the  STEP 
•egister.  In  the  next  step  S912,  the  CPU  inputs  the 
/alue  of  a'-register  into  the  SIGN  register.  The 
/alue  of  a'-register  is  "1"  at  the  zero-cross  point 
mmediately  after  the  maximum  peak  point,  and  is 
*2"  at  the  zero-cross  point  immediately  after  the 
Tiinimum  peak  point. 

In  step  S913,  the  CPU  sets  the  value  of  t'- 
egister,  i.e.,  the  zero-cross  point  Zero  1,  in  the  T 
egister. 

Thus  the  contents  of  a'-register  (Fig.  47(a))  is 
set  in  the  SIGN  register,  those  of  b'-register  in  the 
\MP  (1)  register,  those  of  t'-register  (the  time  of 
he  zero-cross  point  Zero  1)  in  the  t-register.  Then, 
he  CPU  advances  to  step  S904. 

The  processing  of  the  main  routine  immedi- 
ately  after  the  zero-cross  point  Zero  1  in  Fig.  47(a) 
is  completed  by  the  execution  of  the  sequence  of 
processing  steps  as  mentioned  above.  In  the  pro- 

5  cessing  of  the  main  routine  immediately  after  the 
zero-cross  point  Zero  2,  the  CPU  executes  the  data 
set  processing  in  steps  S904  to  S906.  Then,  YES 
is  given  in  step  S907,  and  the  CPU  advances  to 
step  S914. 

w  When  the  input  waveform  rises  at  the  time  of 
waveform  inputting  as  shown  in  Fig.  47(a),  the 
SIGN  register  contains  "1  ".  Since  the  present  wave 
of  the  waveform  has  passed  the  negative  peak,  a'- 
register  contains  2,  and  NO  is  given  in  step  S914. 

rs  Then,  the  CPU  does  not  execute  any  further  pro- 
cessing  and  returns  to  step  S904. 

When  the  zero-cross  point  Zero  3  is  reached, 
the  CPU  executes  steps  S904  to  S907  and  S914 
again.  In  this  step,  YES  is  given,  and  the  CPU 

20  advances  to  step  S915,  and  inputs  2  in  the  STEP 
register  as  shown  in  Fig.  47.  In  step  S916,  the  CPU 
subtracts  the  time  of  the  zero-cross  point  Zero  1  in 
the  T  register  from  the  time  given  by  the  this-time 
interrupt  processing  in  the  t'-register.  Then  the 

25  CPU  loads  the  difference,  i.e.,  the  time  length 
shown  in  Fig.  47(c)  or  the  one  period  in  the  PE- 
RIOD  register. 

Subsequently,  the  CPU  advances  to  step  S917, 
and  transfers  the  contents  of  t'-register  to  the  T 

30  register,  and  starts  new  period  measurement.  In 
step  S918,  CPU  issues  the  note-on  command  so 
that  musical  tone,  which  has  the  frequency  in  ac- 
cordance  with  the  contents  of  the  PERIOD  register 
mentioned  above,  can  be  generated  from  sound 

35  source  circuit  9.  Then,  the  sounding  starts. 
In  the  processing  of  the  main  routine  imme- 

diately  after  the  next  zero-cross  point  Zero  4  (see 
Fig.  47(a)),  the  CPU  executes  steps  S904  to  S908. 
In  step  S908,  the  contents  of  the  STEP  register  is 

40  2,  and  YES  is  given.  Then  the  CPU  advances  to 
step  S919,  and  checks  if  the  peak  value  b'  is  above 
or  below  the  level  of  OFFLEVI  (see  Fig.  48(a)). 
Now  the  peak  level  is  above  OFFLEVI,  and  YES  is 
given  in  step  S919,  and  the  CPU  advances  to  step 

*5  S920. 
In  step  S920,  the  CPU  judges  whether  or  not 

the  relative-on  processing  should  be  executed.  In 
other  words,  the  CPU  checks  if  the  value  of  the 
present  peak  point  (b')  is  above  that  of  the  previous 

50  peak  point  by  ONLEVII,  i.e.,  checks  if  the  extracted 
peak  point  rapidly  increases  during  sounding. 

When  a  string  is  picked,  the  vibration  of  the 
string  gradually  damps  toward  zero,  NO  is  given  in 
step  S920.  In  case  that  before  the  vibration  of  the 

55  string  previously  picked  damps  to  zero,  another 
string  is  picked  by  the  tremolo  playing,  for  exam- 
ple,  the  answer  to  step  S920  is  often  YES. 

30 
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In  this  case,  the  CPU  jumps  from  step  S920  to 
step  S911,  and  then,  executes  steps  S912  and 
S913.  As  a  result,  the  CPU  sets  "1"  in  the  STEP 
register,  and  subsequently,  executes  the  same  pro- 
cessing  as  that  of  the  sounding  start.  In  other 
words,  after  loading  "1"  in  the  STEP  register,  the 
CPU  executes  steps  S907.S914,  S915.  S916.  S917 
and  S918,  and  executes  the  relative-on  processing. 
In  this  case,  the  relative-on  processing  with  the 
attack  starts. 

In  the  normal  state,  the  CPU  goes  from  step 
S920  to  step  921.  In  this  step  the  CPU  checks  if 
the  peak  value  b'  is  by  OFFLEVII  smaller  than  the 
previous  peak  value  "c",  that  is,  if  the  tone-off 
operation  by  removing  the  finger  -of  a  player  from 
the  fret  board  has  been  done. 

If  the  fret  board  remains  held  by  the  finger,  in 
step  921  No  is  given  and  in  step  S922  the  FLAG 
(3-a')  register  is  cleared.  "3-a"'  indicates  the  FLAG 
register  relating  to  the  peak  point  located  opposite 
to  the  preceding  peak  point.  If  at  the  present  time 
point  a'  =  1  and  it  is  the  zero-cross  point  imme- 
diately  after  the  maximum  peak  point,  a  FLAG  (2) 
for  the  minimum  peak  point  is  cleared.  If  at  the 
present  time  point  a'  =  2  and  it  is  the  zero-cross 
point  immediately  after  the  minimum  peak  point,  a 
FLAG  (1  )  for  the  maximum  peak  point  is  cleared.  In 
this  case,  the  zero-cross  point  immediately  after 
the  minimum  peak  point  is  Zero  4  and  FLAG  (1)  is 
cleared. 

Subsequently,  CPU  600  checks  if  the  contents 
of  SIGN  register  is  coincident  with  the  contents  of 
the  a'-register.  The  present  zero-cross  point  is  Zero 
4.  Then,  the  SIGN  register  contains  "1  "  and  the  a'- 
register  "2".  In  step  S923,  No  is  given  and  the 
CPU  returns  to  step  904. 

When  the  zero-cross  point  Zero  5  is  detective, 
sequences  of  steps  S904  to  S908,  and  S919  to 
S923  are  executed  and  YES  is  given  in  step  S23. 
Then,  a  sequence  of  steps  924  to  926  is  executed 
to  set  a  new  period  ranging  from  Zero  3  to  Zero  5 
into  the  PERIOD  register  and  transfers  the  contents 
of  the  t'-register  into  the  T  register.  Then,  new 
period  measurement  starts.  The  CPU  issues  a  fre- 
quency  change  command  to  frequency  ROM  8  and 
sound  source  circuit  9,  according  to  the  pitch  this 
time  detected  and  stored  in  the  PERIOD  register. 

If  the  note-off  operation  is  performed  the  maxi- 
mum  and  the  minimum  peak  values  become  small 
as  shown  in  Fig.  48(a).  When  the  difference  be- 
tween  the  previous  peak  value  and  the  present 
peak  value  becomes  below  the  OFFLEVII  level. 
Then,  the  CPU  executes  the  sequences  of  steps 
S904  to  S905,  and  S919  to  S921,  and  YES  is  given 
in  step  S921.  In  step  S927,  the  CPU  computes  d 

=  3  a',  which  indicates  the  peak  point  located 
opposite  to  the  peak  point  immediately  before  the 
this-time  peak  point.  In  step  S928,  the  CPU  checks 
if  the  FLAG  (d)  for  this  "d"  is  "1  ". 

5  At  present,  the  FLAG  (i)  registers  are  both  "0" 
and  hence  the  CPU  advances  to  step  S929  and 
sets  1  in  the  FLAG  (a')  register  for  the  peak  point 
immediately  before  the  peak  point  detected  this 
time,  and  returns  to  step  S904. 

70  Subsequently,  the  next  zero  point  is  reached 
after  the  opposite  peak  point  is  passed,  CPU  600 
executes  the  sequence  of  steps  S904  to  S908,  and 
S919  to  S921,  and  in  steps  S927  and  928  the  CPU 
checks  if  "1  "  is  set  in  the  FLAG  (i)  for  the  opposite 

?5  peak  point.  At  present  the  register  contains  "1  "  and 
therefore  the  CPU  clears  the  FLAG  (i)  register  on 
the  opposite  side,  and  sets  "3"  in  the  STEP  regis- 
ter.  In  step  932,  the  CPU  executes  the  note-off 
processing,  and  gives  to  sound  source  circuit  a 

20  command  to  stop  the  sounding  of  the  musical  tone 
from  sound  source  circuit  9. 

In  this  way,  the  subsequent  sounding  will  be 
stopped  and  if  the  player  removes  his  finger  from 
the  fret,  the  note-off  is  ensured. 

25  In  this  case,  when  of  these  two  types  of  levels, 
only  one  type  level  drops  below  the  OFFLEVII, 
step  S921  and  steps  S927  to  929  are  executed  to 
set  "1  "  in  one  of  the  FLAG  (i)  registers.  In  step  921 
to  check  if  the  peak  level  is  below  the  OFFLEVII, 

30  NO  is  given.  Step  S922  clears  the  FLAG  (i)  register 
with  "1  ".  Then  steps  923  to  926  for  note-off  con- 
tinue  processing  are  progressively  executed. 

In  Summary,  in  the  case  of  Fig.  48,  steps  S921 
and  S927  to  S929  judges  that  one  of  the  two  types 

35  of  levels  is  below  OFFLEVII.  Then,  the  FLAG  set 
processing  is  first  executed,  In  steps  S921  ,  S927  to 
S928,  and  S930  to  S932,  the  other  peak  level 
below  the  OFFLEVII  level  is  detected  and  the  note- 
off  processing  starts.  In  the  case  of  Fig.  49,  in 

40  steps  S921  and  S927  to  S929,  the  first  type  of 
peak  level  below  the  OFFLEVII  level  is  detective 
and  the  flag  is  set.  In  steps  S921  and  S922,  the 
CPU  detects  that  the  second  type  of  peak  level  is 
not  yet  below  OFFLEVII  and  sets  the  flag.  In  steps 

45  S921  and  S922.  the  flag  is  cleared  since  the  sec- 
ond  peak  level  is  not  yet  below  OFFLEVII.  The 
CPU  executes  the  note-on  processing  in  steps 
S923  to  S926. 

After  the  step  register  has  "3"  and  the  soun- 
50  ding  stopped  in  this  way,  CPU  600  goes  through 

steps  S901  to  S908,  and  reaches  step  909.  In  the 
last  step,  YES  is  given.  The  CPU  jumps  to  step 
S933  to  check  if  the  peak  level  b'  is  below  OF- 
FLEVI.  Immediately  after  "3"  is  said  in  the  STEP 

55  register,  the  peak  level  is  not  yet  OFFLEVI.  The 
CPU  goes  step  S936.  This  step,  like  step  S920, 
checks  if  the  relative-on  processing  is  to  be  ex- 
ecuted,  if  this-time  peak  level  b'  is  above  the 

31 
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previous  peak  level  "c"  by  ONLEVII,  the  note-on 
processing  is  executed  in  steps  S911  to  S913.  If 
the  former  is  below  the  later,  the  CPU  returns  to 
step  S904. 

If  the  peak  level  becomes  below  OFFLEVI, 
step  S933  the  answer  of  NO,  and  in  step  S934  the 
STEP  register  is  cleared. 

In  a  normal  sounding  mode  in  which  the  STEP 
register  contains  "2",  if  peak  level  drops  below 
OFFLEVI,  step  919  gives  the  answer  of  NO.  Then, 
the  CPU  goes  to  step  S935  to  clear  the  STEP 
register  and  executes  the  note-off  processing  in 
step  936  to  stop  the  sounding  of  musical  tone  from 
sound  source  circuit  9. 

The  OFFLEVII,  which  is  used  for  stop  the  soun- 
ding  when  the  finger  is  removed  from  the  fret 
board,  may  be  a  fixed  level  or  the  product  of 
multiplying  the  previous  peak  value  by  a  fixed  rate. 
In  the  above-mentioned  embodiment  the  time  inter- 
val  between  the  adjacent  zero-cross  points  for  pitch 
measurement.  This  time  interval  may  be  substi- 
tuted  by  the  time  interval  between  the  maximum 
peak  point  and  the  zero-cross  point,  the  minimum 
peak  point  and  zero-cross  point,  or  the  maximum 
peak  point  and  the  minimum  peak  point.  In  such  a 
case,  the  interrupt  signal  INT  may  be  the  signal 
from  maximum  or  minimum  peak  detector  4  or  5. 
The  same  processing  may  be  executed  upon  de- 
tection  of  the  zero-cross  point  immediately  before 
the  peak  point.  Any  other  suitable  measure  may  be 
used  for  setting  up  the  reference  point. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  piano's  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 
koto  (Japanese  string  instrument). 

As  seen  from  the  foregoing,  when  the  maxi- 
mum  and  minimum  peak  values  of  the  input 
waveform  are  both  below  those  previous  peak  val- 
ues,  respectively,  the  note-off  is  executed.  This 
ensures  the  sounding  stop,  which  is  made  by  re- 
moving  the  finger  of  a  player  from  the  fret.  The 
electronic  guitar  never  sounds  the  musical  tone  at 
the  pitch,  which  is  different  from  that  of  the  musical 
tone  sounded  before  the  finger  is  removed  from 
the  fret.  This  realizes  artificial  musical  tones  ap- 
proximate  to  those  generated  by  natural  musical 
instruments  including  the  string  instruments.  Fur- 

ther,  the  ninth  embodiment  eliminates  useless  pitch 
(fundamental  frequency)  extractions  to  be  per- 
formed  after  the  finger  detaches  from  the  guitar 
string. 

s 

Tenth  Embodiment 

1.  General 
w 

A  tenth  embodiment  of  an  electronic  guitar 
according  to  the  present  invention  will  be  described 
referring  to  Figs.  50  to  54. 

Technical  problems  to  which  this  embodiment 
75  is  directed  is  illustrated  in  Fig.  50.  In  the  figure,  (j) 

indicates  an  input  waveform,  (k)  an  envelope  con- 
necting  positive  peaks,  (1  )  a  waveform  of  a  positive 
peak  detect  signal,  (m)  an  envelope  connecting 
negative  peaks,  and  (n)  a  waveform  of  a  negative 

20  peak  detection  signal. 
As  shown  in  Fig.  50,  when  the  input  waveform 

abruptly  damps  by  the  mute  playing,  for  example, 
if  the  peak  level  is  below  a  predetermined  level 
OFFLEV.  control  executes  the  note-off  processing 

25  to  stop  the  sounding.  In  this  approach,  however,  it 
is  very  difficult  to  pick  up  peak  points.  For  this 
reason,  the  note-off  processing  is  delayed. 

According  to  this  embodiment,  if  the  input  sig- 
nal  level  abruptly  damps  to  such  an  extent  to  make 

30  it  difficult  to  detect  the  peaks  of  the  input  signal 
waveform,  this  damping  can  be  detected  quickly 
and  reliably,  and  the  note-off  processing  can  be 
executed. 

When  the  input  signal  waveform  drops  below  a 
35  predetermined  value  for  a-  predetermined  period  of 

time,  control  gives  a  note-off  command. 

2.  Description  of  Arrangement  and  Operation 
40 

1  )  Arrangement 

An  overall  arrangement  of  the  tenth  embodi- 
ment  is  shown  in  Fig.  51.  This  arrangement  is 

45  substantially  equal  to  that  of  Fig.  33.  Like  portions 
are  designated  by  like  symbols  in  Fig.  33,  for 
simplicity. 

Some  of  main  features  of  this  embodiment  are 
1)  to  apply  a  latch  lock  to  latch  412  at  the  maxi- 

50  mum  (positive)  and  minimum  (negative)  peak  de- 
tections,  via  OR  gates  1016  and  1017,  and  2)  to 
apply  a  clock  signal  CL  through  AND  gate  1026 
and  OR  gate  1017  when  CPU  1000  applies  a  latch 
command  signal  L  in  logical  high. 

55  The  waveforms  (a)  to  (g)  of  the  signals  at  key 
portions  in  Fig.  51  are  shown  in  Fig.  52.  Of  those 
signals,  latch  command  signal  (g)  continues  logical 
high  during  the  period  ranging  from  an  instant  that 
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IPU  100  fetches  the  peak  values  from  latch  412  at 
ie  maximum  and  minimum  peak  points  in  re- 
ponse  to  interrupt  signals  INTa  and  INTb  until  the 
ext  peak  detect  signals  (b)  and  (c)  are  applied. 

During  the  period  with  application  of  interrupt 
ignals  INTan  and  INTbn  ("n"  is  any  of  1  to  6),  in 
ie  case  of  a  sine  wave  .as  an  input  signal 
/aveform,  the  peak  values  are  latched  in  the  first 
lalf  of  the  wave  between  the  top  and  bottom,  i.e. 
>etween  the  zero-cross  point  and  the  maximum  or 
ninimum  peak  point.  In  the  range  from  the  maxi- 
num  or  minimum  peak  point  and'  the  next  zero- 
:ross  point,  the  peak  value  is  held. 

The  output  signal  from  each  latch  412  is  ap- 
)lied  to  CPU  1000.  This  data  is  used  for  controlling 
he  controls  such  as  note-on,  note-off,  pitch  extrac- 
ion  start,  pitch  extraction  stop,  and  control  of  soun- 
jing  level  (volume  control).  The  peak  values  as 
atched  in  each  latch  41  2  before  the  output  of  latch 
;ommand  signals  L1  to  L6  are  stopped,  are  suc- 
;essively  stored  into  work  memory  601  . 

When  the  absolute  value  of  the  data  repre- 
sentative  of  the  waveform  level  as  applied  from  A/D 
sonverter  411  is  above  a  predetermined  value, 
3PU  1000  executes  the  note-on  and  the  pitch 
[fundamental  frequency)  extraction.  When  the  data 
s  below  the  note-off  level  OFFLEVE  shown  in  Fig. 
54,  the  volume  level  is  abruptly  stopped  to  termi- 
nate  the  sounding.  The  operation  of  this  will  be 
given  in  detail  later. 

In  the  circuit  arrangement,  A/D  converter  41  1  is 
provided  for  each  pitch  extraction  circuit  P1  to  P6. 
If  necessary,  a  single  A/D  converter  may  be  used 
in  common  for  those  pitch  extraction  circuits,  and 
be  operated  in  a  time-divisional  manner. 

2)  Operation 

A  main  routine  of  CPU  1000  is  illustrated  in 
Fig.  29. 

A  interrupt  routine,  which  is  applied  for  CPU 
600,  may  be  substantially  equal  to  that  of  Fig.  34. 
Although  these  routines  are  for  only  one  string 
operation,  the  same  processings  are  correspond- 
ingly  applied  for  other  five  string  operations.  In 
processing  these  six  string  operations,  CPU  1000 
executes  the  processings  for  six  strings  in  a  time 
divisional  manner.  Figs.  36  to  37  will  be  used  for 
explaining  the  operation  of  this  embodiment. 

a)  Registers  in  work  memory  601 

Before  proceeding  with  the  detailed  description 
of  the  CPU  operation,  main  registers  in  work  mem- 
ory  601  will  first  be  described.  A  STEP  register 
contains  four  stages  0,1,2,  and  3.  The  contents  of 

tne  s i tP   register  progressively  cnanye,  ds>  anuwii 
in  Fig.  36(b)  or  Fig.  37(b),  as  the  string  is  picked 
and  vibrates  (Fig.  36(a)  or  Fig.  37(a)).  The  contents 
0  of  this  register  represents  the  note-off  state. 

:  A  SIGN  register  is  use  for  indicating  that  the 
zero-cross  point  for  period  measurement  is  after 
the  maximum  peak  point  or  the  minimum  peak 
point.  The  contents  1  of  the  register  indicates  that 
the  zero-cross  point  after  the  maximum  peak  point, 

o  and  the  contents  2  of  the  register  indicates  the 
zero-cross  point  after  the  minimum  peak  point. 

A  REVERCE  register  stores  the  data  to  check 
whether  the  interrupt  processing  has  been  made, 
which  is  executed  at  the  arrival  of  the  zero-cross 

5  point  after  the  peak  point  which  is  located  in  op- 
position  to  the  zero-cross  point  as  given  by  the 
SIGN  register.  This  is  used  for  checking  the  pitch 
(fundamental  frequency)  extraction  control  for  each 
period. 

io  AT  register  stores  the  count  of  counter  7  at  a 
specific  point  to  measure  the  period  of  the  input 
waveform.  Count  7  free  runs  responsive  to  a  given 
clock  signal. 

An  AMP  (i)  register  stores  the  maximum  or 
>5  minimum  peak  value,  more  exactly,  its  absolute 

value,  which  is  applied  from  A/D  converter  41  1  and 
latched  in  412.  An  AMP  (1)  register  stores  the 
maximum  peak  value,  and  an  AMP  (2)  is  for  mini- 
mum  peak  value  storage. 

jo  A  PERIOD  register  stores  the  data  of  mea- 
sured.  On  the  basis  of  the  contents  of  this  register, 
CPU  1000  executes  the  frequency  control  against 
frequency  RDM  8  and  sound  source  circuit  9. 

An  OFF  register  contains  "1"  when  the  level 
35  data  of  the  input  waveform  latched  in  latch  412  is 

below  OFFLEV  as  the  note-off  level  shown  in  Fig. 
54.  It  contains  "0"  when  it  is  above  OFFLEV  during 
the  sounding. 

An  OFT  register  stores  the  count  of  counter  7 
40  when  21"  is  set  in  the  OF  register.  If  the  time 

duration  of  the  state  of  "1  "  in  the  OF  register  is  a 
predetermined  time  duration,  for  example,  the  pe- 
riod  of  of  a  string  vibration  in  the  open  string  mode, 
more  exactly,  12  msec  for  the  sixth  string,  for 

45  example,  the  note-off  processing  is  executed. 
As  will  be  described  later,  for  various  types  of 

judgement,  three  constants  (threshold  levels)  are 
contained  in  CPU  1000. 

The  first  constants  is  ONLEVI.  As  shown  in  Fig. 
so  36(a)  and  Fig.  37(a),  the  system  is  in  the  note-off 

mode.  In  this  mode,  when  a  peak  level  larger  than 
ONLEVI  is  detected,  the  CPU  decides  that  a  string 
has  been  picked,  and  starts  the  period  measure- 
ment. 

55 
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ONLtVII  is  used  in  such  a  way  that  in  the  note- 
on  mode,  when  the  difference  between  the  pre- 
vious  and  this-time  detection  levels  is  above  the 
level  of  ONLEVEII,  the  CPU  executes  the  relative- 
on  processing  even  if  the  tremolo,  for  example,  is 
used. 

OFFLEV  is  used  in  such  a  manner  that  in  the 
note-on  mode,  if  the  peak  value  detected  is  below 
this  level  of  OFFLEV,  the  note-off  processing  is 
executed  (Fig.  54(a)). 

A  main  routine  and  interrupt  routines,  which  are 
used  in  the  tenth  embodiment,  will  be  described. 
The  preparatory  knowledge  as  mentioned  above 
will  assist  you  in  understanding  the  routine  descrip- 
tion  to  follow. 

b)  Processing  of  the  main  routine 

In  step  S1001  of  the  main  routine  (Figs.  53A 
and  53B),  CPU  judges  whether  or  not  the  contents 
of  the  a'-,  b'-,  and  c'-registers  have  been  stored  into 
work  memory  601,  through  the  interrupt  process- 
ing.  Primed  characters  a',  b',  and  c'  corresponds  to 
a,  b  and  c  above,  and  indicate  that  these  items  of 
data  have  previously  stored,  respectively.  If  no 
interrupt  processing  has  been  executed,  the  an- 
swer  to  step  S1001  is  NO,  and  the  CPU  repeats 
the  execution  of  step  S1001  by  going  through  the 
note-off  processing  in  steps  S1030  to  S1038. 

If  the  answer  is  YES,  the  CPU  advances  to 
step  S1002.  In  this  step,  the  CPU  reads  out  the 
registered  contents  a',  b'  and  t'.  Then,  the  CPU 
goes  to  step  S1002,  and  reads  out  the  peak  value 
at  the  peak  point  of  the  same  type  (maximum  or 
minimum)  which  has  been  stored  in  AMP  (a')  regis- 
ter.  The  CPU  sets  the  peak  value  b'  extracted  this 
time  into  AMP  (a')  register. 

In  steps  S1004  to  S1006,  the  CPU  checks  if 
the  contents  of  STEP  register  is  3,  2  or  1.  When 
the  system  of  the  electronic  guitar  under  discus- 
sion  is  in  the  initial  condition,  the  STEP  register  is 
D,  and  therefore  the  answer  to  steps  S1  004,  S1  005 
and  S1006  is  NO.  In  step  S1007,  the  CPU  checks 
f  the  peak  value  b'  detected  this  time  is  above  or 
Delow  the  level  of  ONLEVI. 

If  the  peak  value  b'  is  below  ONLEVI,  the 
sounding  start  processing  is  not  executed,  and  the 
3PU  returns  to  step  S1001.  if  it  is  above  ONLEVI 
as  shown  in  Fig.  36(a)  and  Fig.  37(a),  step  S1007 
jives  the  answer  of  YES,  and  the  CPU  advances  to 
step  S1008. 

In  step  S1008,  the  CPU  sets  "1"  in  the  STEP 
egister.  In  the  next  step  S1009,  the  CPU  sets  "0" 
n  the  REVERSE  register.  In  step  S1010,  the  CPU 
nputs  the  value  of  a'-register  into  the  SIGN  regis- 

ter.  The  value  of  a'-register  is  "1  "  at  the  zero-cross 
point  immediately  after  the  maximum  peak  point, 
and  is  "2"  at  the  zero-cross  point  immediately  after 
the  minimum  peak  point. 

5  In  step  S1011,  the  value  of  t'-register  is  set  in 
the  T  register.  As  a  result,  the  contents  of  a'- 
register  is  set  in  the  SIGN  register  (now  SING  is 
"1"  in  the  case  of  Figs.  36(a)  and  Fig.  37(a)),  the 
contents  of  the  b'-register  is  set  in  the  AMP  regis- 

70  ter.  The  contents  of  the  t'-register  is  loaded  into  the 
T  register.  Then,  the  CPU  returns  to  step  S1  . 

The  processing  of  the  main  routine  immedi- 
ately  after  the  zero-cross  point  Zero  1  in  Fig.  36(a) 
and  Fig.  37(a)  is  completed  through  the  execution 

75  of  the  sequence  of  processing  steps  explained 
above. 

The  main  routine  immediately  after  the  zero- 
cross  point  Zero  2  will  be  described.  In  this  pro- 
cessing,  the  data  set  processing  and  the  note-on 

20  step  discrimination  processing  in  steps  S1001, 
S1002,  S1003,  S1004,  S1005  and  S1006  will  be 
executed.  If  the  answer  YES  is  given  in  step 
S1006,  the  CPU  advances  to  step  S1012. 

When  the  input  waveform  rises  at  the  time  of 
25  waveform  inputting  as  shown  in  Fig.  36(a)  and  Fig. 

37(a),  the  SIGN  register  contains  "1".  Since  the 
present  wave  of  the  waveform  has  passed  the 
negative  peak,  the  a'-register  contains  "2",  and  NO 
is  given.  When  the  zero-cross  point  immediately 

30  after  the-  peak  point  with  the  same  polarity  is 
reached,  YES  is  given  in  this  step  S1012.  The  CPU 
does  not  execute  any  further  processing  and  re- 
turns  to  step  Si  001. 

In  step  S1012,  NO  is  given,  and  then,  the  CPU 
35  advances  to  step  S1013.  and  sets  "2"  in  the  STEP 

register  (see  Fig.  36(b)). 
Following  step  S1013,  the  CPU  executes  step 

S1014,  and  compares  the  previous  peak  point 
(AMP  (SIGN))  with  the  present  peak  point  (b').  If 

40  the  previous  value  X0  is  smaller  than  the  present 
value  (x1>x0)  as  shown  in  Fig.  36(a),  YES  will  be 
given.  To  set  up  the  period  measuring  start  point  at 
time  point  f  (Fig.  36(c)),  the  CPU  jumps  from  step 
S1014  to  steps  S1010  and  S1011,  to  set  "2"  in  the 

45  SIGN  register  and  at  the  same  time  to  transfer  the 
contents  of  the  t'-register  to  the  T  register. 

On  the  contrary,  if  the  previous  peak  point  is 
above  the  present  peak  point,  xKxO,  as  shown  in 
Fig.  37(a),  NO  is  given  in  step  S1014  and  "1"  is 

50  set  in  the  REVERSE  register,  In  this  case,  the 
previous  point  "1  "  is  maintained  in  the  SIGN  regis- 
ter.  As  a  result,  the  previous  zero-cross  point  Zero 
1  is  the  the  period  measuring  start  point,  in  this 
case  (see  Fig.  37(C)). 

55  When  the  CPU  executes  the  main  flow  after 
the  next  zero-cross  point  (Zero  3)  is  passed,  the 
CPU  advances  to  step  S1016  after  YES  is  given  in 
step  S1005.  The  present  value  of  the  a'-register  is 
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1",  that  of  the  SIGN  register  is  2"  as  shown  in 
ig.  36,  and  that  of  the  SIGN  register  is  "1"  as 
hown  in  Fig.  37.  Therefore,  in  the  case  of  Fig.  36. 
JO  is  given  in  step  S1016  and  the  CPU  advances 
d  step  S1015  and  returns  to  step  S1001.  In  other 
/ords,  CPU  1000  recognizes  that  the  first  peak 
toint  (amplitude  *  2)  is  passed  after  the  period 
neasurement  starts. 

In  Fig.  37,  the  CPU  has  the  answer  of  YES  in 
itep  S1016,  and  advances  to  step  S1017  to  check 
r  the  REVERSE  register  contains  "1  ".  If  the  value 
if  the  REVERSE  register  is  "1  ",  the  CPU  has  the 
mswer  of  NO,  and  returns  to  step  S1001.  As 
nentioned  above,  after  execution  of  step  S1015, 
he  value  of  this  register  is  "1".  Then,  the  CPU 
idvances  to  step  S1018,  and  inputs  "3"  in  the 
STEP  register  (see  Fig.  37(b)).  In  step  S1019,  the 
:PU  subtracts  the  value  of  the  T  register,  i.e.,  the 
ime  of  the  zero-cross  point  Zero  1  ,  from  the  value 
)f  the  counter  7  given  by  the  this-time  interrupt 
processing,  and  the  CPU  loads  it  in  the  PERIOD 
egister. 

The  time  length  PERIOD  shown  in  Fig.  37(c)  is 
:hat  of  one  period.  In  step  S1020,  the  CPU  trans- 
:ers  the  contents  of  the  t'-register  to  the  T  register, 
and  starts  the  new  period  measurement. 

In  step  S1021,  CPU  1000  issues  a  sounding 
start  (note-on)  command  to  frequency  ROM  8  and 
sound  source  circuit  9  in  accordance  with  the  con- 
tents  of  the  PERIOD  register.  At  this  time,  the 
sounding  starts. 

In  the  case  of  Fig.  36,  the  main  flow  after  the 
next  zero-cross  point  Zero  4  is  executed  again,  and 
the  CPU  jumps  from  step  S1005  to  S1016.  Since 
the  value  of  the  SIGN  register  is  now  2,  YES  is 
given  in  step  S1016.  Subsequently,  the  sounding 
start  processing  in  steps  S1017  to  S1021  are  ex- 
ecuted.  At  this  time,  CPU  1000  recognizes  the  time 
interval  from  zero-cross  points  Zero  2  to  Zero  4 
shown  in  Fig.  36(c),  as  one  period.  The  guitar  starts 
the  sounding  of  the  musical  tone  at  the  frequency 
as  defined  by  the  time  length  recognized  (see  Fig. 
36(d)). 

Thus,  the  period  measurement  is  executed 
from  the  next  zero-cross  point  after  the  peak  point 
whose  value  is  big.  The  period  measurement  is 
completed  at  the  next  zero-cross  point  located  in 
the  same  side  as  the  previous  peak  point.  As  the 
result  of  it,  the  period  of  low-pass  filter  3  output 
waveform  is  extracted. 

After  the  sounding  start  processing,  the  CPU 
advances  from  step  S1004  to  step  S1023  in  the 
main  routine  processing,  and  judges  whether  or  not 
the  relative-on  processing  should  be  executed.  In 
other  words,  the  CPU  checks  if  the  value  of  the 

present  peak  point  (D  )  is  ac-ove  tnat  ot  tne  previous 
peak  point  by  ONLEVII,  i.e.  checks  if  the  value  of 
the  extracted  peak  point  rapidly  increases  during 
sounding. 

i  When  a  string  is  picked,  the  vibration  of  the 
string  gradually  damps  toward  zero.  NO  is  given  in 
step  S1023.  In  case  that  before  the  vibration  of  the 
string  previously  picked  damps  to  zero,  another 
string  is  picked  by  the  tremolo  playing,  for  exam- 

o  pie,  the  answer  to  step  S1023  is  often  YES. 
In  this  case,  the  CPU  jumps  to  step  S1008 

after  judging  YES  in  S1023,  and  then  executes  the 
preparatory  processing  for  note-on  in  step  S1009 
to  step  S1001.  As  a  result,  the  CPU  sets  "1"  in  the 

5  STEP  register,  and  subsequently  executes  the 
same  processing  as  that  of  the  sounding  start.  In 
other  words,  after  loading  "1"  in  the  STEP  register, 
the  CPU  executes  step  S1016  to  step  S1021  again, 
and  executes  the  relative-on  processing. 

io  In  the  normal  picking,  the  CPU  executes  step 
S1023  followed  by  step  S1024,  and  compares  the 
contents  of  the  a'-register  with  those  of  the  SIGN 
register.  If  these  do  not  coincide,  the  CPU  ad- 
vances  to  step  S1015  for  the  interrupt  processing 

>5  at  the  next  zero-cross  point.  If  these  coincide,  the 
CPU  proceeds  to  step  S1025  because  the  present 
wave  of  the  waveform  has  the  peaks  with  the 
opposite  polarities  (positive  and  negative  peaks)  in 
the  past.  Then  the  CPU  judges  whether  or  not  the 

30  value  of  the  REVERSE  register  is  "1".  If  the  result 
is  NO,  it  returns  directly  to  step  S1001.  If  YES  is 
given,  the  CPU  advances  from  step  S1025  to  step 
S1026.  Then  the  contents  of  the  T  register  is 
subtracted  from  those  of  the  t'-register  for  obtaining 

35  a  new  period,  and  the  result  is  set  in  the  PERIOD 
register. 

In  step  S1027,  the  contents  of  the  t'-register 
are  transferred  to  the  T  register.  Subsequently,  on 
the  basis  of  the  value  of  the  PERIOD  register 

40  obtained  in  step  S1028,  CPU  1000  executes  the 
frequency  (pitch)  control  for  frequency  ROM  8  and 
sound  source  circuit  9. 

Thus,  this  embodiment  discretely  picks  up  a 
variation  of  the  frequency  of  string  vibration,  and 

45  controls  the  frequency  according  to  the  picked  up 
discrete  data  in  a  real  time  manner. 

The  CPU  advances  from  step  S1028  to  step 
S1029,  and  clears  the  REVERSE  register,  and  fi- 
nally  executes  the  period  measuring. 

so  When  the  string  vibration  abruptly  damps  by 
the  mute  playing,  and  the  peak  level  falls  below 
OFFLEV,  as  shown  in  Fig.  4,  in  step  S1030,  CPU 
decides  that  the  present  contents  of  the  STEP 
register  is  3.  As  shown  in  Fig.  54(c),  the  CPU 

55  detects  that  the  waveform  level  of  the  input  signal, 
which  is  derived  from  A/D  converter  411  and 
latched  in  latch  412,  becomes  below  the  note-off 

3b 
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level  OFFLEV  (step  S1031).  "1"  is  set  in  the  OF 
register  which  has  stored  "0",  and  the  count  of 
counter  7  is  set  to  the  OFT  register.  The  CPU 
returns  step  S1001  (steps  S1023  to  S1034). 

Since  the  peak  value  is  below  the  OFFLEV 
level,  if  the  input  waveform  reaches  the  peak,  the 
waveform  level  of  the  signal,  which  is  applied  from 
A/D  converter  412  to  latch  412,  never  exceeds 
OFFLEV.  Therefore,  the  CPU  never  goes  from 
steps  S1030  and  S1031  to  step  S1038,  so  that  "1" 
is  maintained  in  the  OF  register.  If  the  state  that  the 
waveform  level  is  below  OFFLEV  is  continued  for 
the  length  of  one  wave  of  the  string  vibration,  for 
12  msec  or  more  in  the  case  of  the  sixth  string, 
CPU  1000  in  step  S1035  recognizes  this  by  using 
the  difference  between  the  count  as  set  in  the  OFT 
register  and  the  present  count  of  counter  7.  In  step 
S1036,  CPU  1000  clears  the  STEP  register  and  the 
OF  register,  and  executes  the  note-off  processing 
in  step  S1037,  and  gives  a  note-off  command  to 
sound  source  circuit  9,  to  stop  the  sounding. 

In  this  way.  the  note-off  processing  can  be 
executed  quickly  and  reliably,  even  if  the  waveform 
level  abruptly  changes,  by  detecting  that  the 
waveform  level  below  OFFLEV  for  12  msec,  for 
example. 

Since  such  damping  temporarily  occurs,  if  the 
peak  level  exceeds  OFFLEV,  CPU  1000  detects 
this  in  step  S1031,  and  clears  the  OF  register  in 
step  S1038,  and  does  not  execute  the  note-off 
processing.  Therefore,  if  the  abrupt  drop  of  the 
waveform  level  occurs  as  shown  in  Fig.  50,  and 
neither  of  interrupt  signals  INTa  and  INTb  is  gen- 
erated,  clock  signal  CL  is  always  applied  to  latch 
412.  The  latch  command  signal  L  as  indicated  by 
(8)  in  Fig.  52  keeps  high  level  state.  Then,  the 
output  of  A/D  converter  411  is  applied  to  CPU  1000 
via  latch  12.  The  CPU  executes  the  note-off  pro- 
cessing  according  to  this  peak  value.  As  a  result, 
the  note-off  response  is  improved. 

The  above-mentioned  embodiment  is  so  ar- 
ranged  that  when  the  waveform  level  of  the  6th 
string  is  below  the  level  of  OFFLEV,  the  note-off  is 
executed.  In  an  alternatively,  the  note-off  may  be 
sxecuted  when  such  a  level  of  the  input  waveform 
is  continued  for  the  other  time  duration  than  12  ms, 
.e.,  the  period  or  more  of  the  musical  tone  as 
generated  by  the  electronic  guitar.  The  above-men- 
tioned  embodiment  is  also  so  arranged  that  CPU 
1000  executes  the  interrupt  processing  immedi- 
ately  at  the  zero-cross  point  after  each  peak  point, 
:ollowed  by  the  note-on  start,  period  computation, 
@elative-on,  note-off  start,  etc..  These  processings 
may  be  performed  immediately  after  each  peak 
point  detection.  In  this  case,  the  same  effects  as 
:hose  attained  by  the  former  case  may  be  attained. 

Additionally,  these  processings  may  be  done  upon 
detection  of  the  zero-cross  point  immediately  be- 
fore  the  peak  point.  Any  other  suitable  measure 
may  be  used  for  the  reference  point  setting  up. 

5  Each  processing,  which  is  executed  in  the 
main  routine  in  the  above-mentioned  embodiment, 
may  be  done  in  each  interrupt  processing. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 

m  tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 

75  erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 

20  koto  (Japanese  string  instrument). 

3.  Effects 

25  As  described  above,  in  the  tenth  embodiment, 
when  the  input  signal  level  below  a  predetermined 
level  continues  for  a  predetermined  time  duration, 
the  note-off  is  executed.  If  the  mute  playing  is 
made,  and  the  waveform  abruptly  drops  to  such  a 

30  level  to  be  too  low  for  detecting  the  peak  point,  the 
level  drop  can  reliably  and  quickly  be  detected,  to 
execute  the  note-off  processing.  This  cannot  be 
realized  by  the  conventional  system  of  the  type  in 
which  the  note-off  is  executed  upon  detection  of 

35  the  dropping  of  the  peak  of  the  input  signal  wave 
below  a  predetermined  value.  With  such  an  ar- 
rangement,  good  performance  is  obtained.  The 
electronic  system  of  the  electronic  guitar  more 
quickly  enters  the  new  note-on  processing  of  the 

io  musical  tone. 

Eleventh  Embodiment 

45  1.  General 

An  eleventh  embodiment  of  an  electronic  guitar 
according  to  the  present  invention  will  be  described 
referring  to  Figs.  55A,  55B,  and  56. 

50  In  an  electronic  musical  instrument  of  the  type 
in  which  the  artificial  musical  tone  is  formed  by 
using  the  pitch  extracted  from  a  waveform  of  a 
natural  musical  tone  generated  from  musical  instru- 
ment  such  as  an  electronic  guitar,  harmonics  are 

55  contained  in  the  natural  waveform.  The  harmonics 
possibly  cause  erroneous  frequency  change  con- 
trol,  when  these  are  detected. 

56 
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In  playing  the  guitar,  a  player  holds  a  7th  fret 
or  5th  fret  and  picks  a  string,  and  then  he  detaches 
his  finger  from  the  string  and  executes  the  mute.  In 
this  case,  the  string  of  the  conventional  electronic 
guitar  vibrates  at  the  frequency  of  the  second  har- 
monic. 

Therefore,  when  playing  the  conventional  gui- 
tar,  the  player  makes  the  mute,  the  guitar  sounds 
the  second  harmonic  musical  tone.  This  is  the 
serious  problem  of  the  conventional  electronic  gui- 
tar. 

The  eleventh  embodiment  improves  the  elec- 
tronic  guitar  of  the  above  type  so  that  the  guitar 
never  produces  the  harmonics  musical  tone  even 
when  it  extracts  the  harmonics. 

To  achieve  this,  when  the  frequency  of  the 
input  signal  is  approximately  doubled,  or  increased 
by  about  one  octave,  CPU  decides  that  the  har- 
monic  waveform  is  applied  to  the  guitar,  and  issues 
a  note-off  command. 

2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

An  arrangement  of  the  eleventh  embodiment 
may  be  that  of  Fig.  33.  The  interrupt  routines  by 
interrupt  commands  INTa  and  INTb  may  also  be 
substantially  the  same  as  those  of  the  embodiment 
relating  to  Fig.  33.  Description  of  the  operation  of 
this  embodiment  will  be  given  mainly  in  connection 
of  the  main  routine. 

2)  Operation 

Figs.  55A  and  55B  show  a  flowchart  of  a  main 
routine  used  in  this  embodiment.  The  main  routine 
is  for  picking  of  only  one  string.  In  an  actual  guitar, 
six  strings  are  used,  and  CPU  600  executes  the 
main  routine  in  a  time  divisional  manner. 

Before  proceeding  with  the  detailed  description 
of  the  CPU  operation,  main  registers  in  work  mem- 
ory  601  will  first  be  described. 

A  STEP  register  may  contain  0,  1,  2  for  a 
normal  mode,  and  0,  1,  2,  and  3  for  an  abnormal 
mode  when  harmonics  are  extracted.  The  contents 
of  the  register  changes  as  the  string  of  guitar  is 
picked  and  vibrates,  as  shown  in  Fig.  56(a).  The 
contents  of  "0"  of  this  register  indicates  the  note- 
off  mode. 

A  SIGN  register  is  used  for  indicating  that  the 
zero-cross  point  for  period  measurement  is  located 
after  the  maximum  peak  point  or  the  minimum 
peak  point.  The  contents  1  of  the  register  indicates 

5  that  the  zero-cross  point  after  the  maximum  peak 
point,  and  the  contents  2  of  the  register  indicates 
the  zero-cross  point  after  the  minimum  peak  point. 

A  T  register  stores  the  count  of  counter  7  at  a 
specific  point  for  measuring  the  period  of  an  input 

70  waveform. 
An  AMP  (i)  register  stores  the  maximum  or 

minimum  peak  value,  more  exactly,  its  absolute 
value,  which  is  applied  from  A/D  converter  11  and 
latched  in  latch  412.  An  AMP  (1)  register  stores  the 

75  maximum  peak  value,  and  an  AMP  (2)  is  for  mini- 
mum  peak  value  storage. 

A  P  or  P'  register  receives  the  data  represent- 
ing  the  measured  period.  Using  the  contents  of  this 
register,  CPU  600  executes  the  frequency  change 

20  control  for  sound  source  circuit  9. 
As  will  be  described  later,  for  various  types  of 

judgement,  three  constants  (threshold  levels)  are 
contained  in  CPU  600. 

The  first  constants  is  ONLEVI.  As  shown  in  Fig. 
25  56(a),  the  electronic  system  of  the  guitar  is  in  the 

note-off  mode  (STEP  =  0).  In  this  mode,  when  a 
peak  level  is  larger  than  ONLEVI,  the  CPU  judges 
that  a  string  has  been  picked,  and  starts  the  period 
measurement. 

30  ONLEVII  is  used  in  such  a  way  that  in  the  note- 
on  mode,  when  the  difference  between  the  pre- 
vious  and  this-time  detection  levels  is  above  the 
level  of  ONLEVEII,  the  CPU  executes  the  relative- 
on  processing  even  if  the  tremolo  playing,  for  ex- 

35  ample,  is  used. 
OFFLEV  is  used  in  such  a  manner  that  in  the 

note-on  mode,  if  the  peak  value  detected  is  below 
this  level  of  OFFLEV,  the  note-off  processing  is 
executed  (Fig.  56(a)). 

40  A  main  routine  and  interrupt  routines,  which  are 
used  in  the  sixth  embodiment,  will  be  described. 
The  preparatory  knowledge  as  mentioned  above 
will  assist  you  in  understanding  the  routine  descrip- 
tion  to  follow. 

45  In  step  Q1101  of  Figs.  55A  and  55B,  CPU  600 
initializes  the  registers,  for  example,  contained  in 
the  electric  system  of  the  electronic  guitar.  In  step 
S1102,  "0"  is  set  in  the  STEP  register. 

If  the  answer  is  YES  in  step  Q1103,  the  CPU 
so  advances  to  step  Q1105.  In  this  step,  the  CPU 

reads  out  the  registered  contents  a',  b'  and  t'. 
Then,  the  CPU  goes  to  step  Q1105,  and  reads  out 
the  peak  value  at  the  peak  point  of  the  same  type 
(maximum  or  minimum)  which  has  been  stored  in 

55  AMP  (a')  register.  The  CPU  sets  the  peak  value  b' 
extracted  this  time  into  AMP  (a')  register. 

37 



73 0  264  955 74 

In  steps  Q1106  to  Q1108,  the  CPU  checks  if 
the  contents  of  STEP  register  is  1,  2  or  3.  When 
the  system  of  the  electronic  guitar  under  discus- 
sion  is  in  the  initial  condition,  the  STEP  register  is 
0,  and  therefore  the  answer  to  steps  Q1106, 
Q1107,  and  Q1108  is  NO.  In  step  Q1107,  the  CPU 
checks  if  the  peak  value  b'  detected  this  time  is 
above  "or  below  the  level  of  ONLEVI. 

If  the  answer  of  NO  is  given  in  step  Q1109,  the 
CPU  returns  to  step  Q1  1  03.  If  it  derived  from  low- 
pass  filter  3  is  above  ONLEVI.  step  Q1109  gives 
the  answer  of  YES  and  the  CPU  advances  to  step 
Q1110. 

In  step  Q1110.  the  CPU  sets  "1H  to  the  STEP 
register.  In  the  next  step  Q1  1  1  1  ,  the  CPU  sets  the 
value  of  a'-register  into  the  SIGN  register.  The 
value  of  a'  is  "1"  at  the  zero-cross  point  imme- 
diately  after  the  maximum  peak  point,  and  is  "2"  at 
the  zero-cross  point  immediately  after  the  minimum 
peak  point. 

In  step  Q1112,  the  value  of  t',  i.e.,  the  time  at 
the  zero-cross  point  Zero  1  ,  is  set  in  the  T  register. 

In  this  way,  the  value  of  a'  (  it  is  "1"  in  the 
case  of  Fig.  56)  is  set  in  the  SIGN  register,  that  of 
b'  in  the  AMP  (1)  register,  and  that  of  t'  (the  time  at 
the  zero-cross  point  Zero  1  )  in  the  T  register.  Then, 
the  CPU  returns  to  step  Q1103,  again. 

The  processing  of  the  main  routine  immedi- 
ately  after  zero-cross  point  Zero  I  in  Fig.  56(a)  is 
completed  through  the  execution  of  the  sequence 
of  processing  steps  as  explained  above. 

The  main  routine  immediately  after  the  zero- 
cross  point  Zero  2  will  be  described.  In  this  pro- 
cessing,  steps  Q1103  to  A115  will  be  executed.  If 
the  answer  YES  is  given  in  step  Q1106,  the  CPU 
advances  to  step  Q1  1  1  3. 

When  the  input  waveform  rises  at  the  time  of 
waveform  inputting  as  shown  in  Fig.  56(a),  the 
SIGN  register  is  "1".  Since  the  present  wave  of  the 
waveform  has  passed  the  negative  peak,  i.e.,  the 
minimum  peak  point,  the  register  is  "2"  and  NO  is 
given.  The  CPU  does  not  execute  any  further  pro- 
cessing  and  returns  to  step  Q1  1  03. 

When  the  zero-cross  point  Zero  3  is  reached, 
steps  Q1103  to  A1106  are  executed,  step  Q113 
gives  the  answer  of  YES.  In  step  Q114,  "2"  is  set 
to  the  STEP  register  as  shown  in  Fig.  56(b).  In  step 
Q1  1  ,  the  time  at  the  zero-cross  point  Zero  1  in  the 
T  register  is  subtracted  from  the  this-time  interrupt 
time  in  the  t'-register.  The  result  of  the  subtraction, 
1.  e.,  the  time  length  P'  of  one  period  of  the 
waveform,  is  stored  into  the  P'  register. 

In  step  Q1165,  the  contents  of  t'-register  is 
transferred  to  the  T-register,  and  a  new  period 
measurement  starts.  In  step  Q1117,  the  CPU 
directs  sound  source  circuit  9  to  generate  the 

musical  tone  at  the  frequency  based  on  the  con- 
tents  of  the  P'  register,  that  is,  gives  a  note-on 
command.  The  sounding  starts  from  this  timing,  as 
shown  in  Fig.  56(d). 

s  In  the  main  routine  immediately  after  the  next 
zero-cross  point  Zero  4  (Fig.  56(a)),  steps  Q1103  to 
Q1107  are  executed.  Since  the  P  register  contains 
2",  step  Q1107  gives  the  answer  of  YES.  Then,  in 
step  Q118,  the  CPU  checks  if  the  value  of  b'  is 

70  above  or  below  OFFLEV  (Fig.  56(a)).  In  this  in- 
stance,  the  peak  level  is  still  high,  and  the  answer 
to  step  Q1118  is  YES,  and  the  operation  goes  to 
step  Q1119. 

In  step  Q1119,  CPU  judges  whether  or  not  the 
75  relative-on  processing  should  be  executed.  In  other 

words,  the  CPU  checks  if  the  value  of  the  present 
peak  point  (b')  is  above  that  of  the  previous  peak 
point  by  ONLEVII,  i.e.  checks  if  the  value  of  the 
extracted  peak  point  rapidly  increases  during  soun- 

20  ding. 
When  a  string  is  picked,  the  vibration  of  the 

string  gradually  damps  toward  zero.  NO  is  given  in 
step  Q119.  In  the  case  where,  before  the  vibration 
of  the  string  previously  picked  damps  to  zero, 

25  another  string  is  picked  by  the  tremolo  playing,  for 
example,  the  answer  to  step  Q1  1  19  may  be  YES. 

In  this  case,  the  CPU  jumps  from  step  1119  to 
step  Q1110,  and  then  executes  step  Q9  to  step 
Q11.  As  a  result,  the  CPU  sets  "1"  in  the  STEP 

30  register,  and  subsequently  executes  the  same  pro- 
cessing  as  that  of  the  note-on  or  sounding  start.  In 
other  words,  after  loading  "1  "  in  the  STEP  register, 
the  CPU  executes  step  Q11106,  Q1113  to  Q1117, 
and  executes  the  relative-on  processing.  At  this 

35  time,  the  relative-on  processing  with  the  attach  is 
executed. 

In  the  normal  picking,  the  CPU  executes  step 
Q1120  followed  by  step  Q1119,  and  compares  the 
contents  of  a'-register  with  those  of  the  SIGN  regis- 

40  ter.  If  these  do  not  coincide,  this  step  Q1  1  20  gives 
NO,  and  returns  to  step  Q1103  since  the  present 
cross-point  is  Zero  4,  and  the  SIGN  register  con- 
tains  "1"  and  the  a'-register  is  "2". 

When  the  zero-cross  point  Zero  5  is  detected, 
45  steps  Q1103  to  Q1107  and  Q1  118  to.  Ql12n  are 

executed.  In  step  Q1120,  YES  is  given.  Steps  1121 
and  Q1  1  22  are  executed  to  set  a  new  period,  i.e., 
the  time  from  Zero  3  to  Zero  5,  into  the  P  register. 

In  step  Q1123,  the  CPU  checks  if  P  is  larger 
so  than  (1/2  +  a)  of  P'  using  the  this-time  and  pre- 

vious  period  P  and  P'.  In  the  relation,  "a"  is  se- 
lected  to  be  between  0  and  0.06,  for  example, 
allowing  for  an  error  of  semitone  or  less.  For  ob- 
taining  an  exact  value  of  "a",  it  may  be  obtained 

55  experimentally. 
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In  step  Q1123,  normally,  YES  is  given,  and 
len  step  Q1124  is  executed.  In  this  step,  the  CPU 
ives  a  command  for  frequency  change  to  sound 
ource  circuit  9  according  the  pitch  this  detected. 

In  this  way,  the  frequency  may  be  changed  for 
ach  semitone  or  the  unit  of  smaller  than  semitone, 
i  a  real  time  manner.  In  the  subsequent  step 
31125,  the  contents  of  the  P  register  is  transferred 
3  the  P'  register  in  step  Q1115,  and  the  CPU 
eturns  to  step  Q3. 

In  the  processing  of  the  main  routine  following 
he  interrupt  processing,  the  CPU  executes  steps 
21103  to  Q1107.  and  Q.1118  to  Q1120,  and  returns 
o  Q1103.  Alternatively,  it  executes  steps  Q1103  to 
21107,  and  Q1118  to  Q1125,  when  no  relative-on 
jrocessing  is  executed. 

In  step  Q1118,  if  the  input  peak  value  is  below 
DFFLEV,  step  Q1118  gives  NO,  and  in  step 
31126,  the  STEP  register  is  cleared.  The  note-on 
processing  is  executed  in  step  Q1127.  As  de- 
scribed,  the  musical  tone  thus  sounded  from  sound 
source  circuit  is  stopped. 

When  the  musical  tone  is  generated  with  the 
period  (P'  in  Fig.  56(c))  as  the  time  interval  be- 
ween  the  zero-cross  points  Zero  6  and  Zero  7,  if  a 
olayer  detaches  his  finger  from  the  fret  to  make  the 
mute  (left-hand  mute),  the  harmonic  sound  with  the 
approximately  halved  period  appears,  and  the  zero- 
cross  point  Zero  8  is  detected.  Immediately  there- 
after,  the  main  routine  is  processed.  In  this  routine, 
steps  Q1103  to  Q1107  and  Q1118  to  Q1123  are 
executed,  and  in  step  Q1123,  P  <  (11/2  +  a)  x  P' 
is  detected.  The  CPU  advances  from  step  Q1123 
to  Q1128,  to  set  3  into  the  STEP  register.  In  the 
subsequent  step  Q1127,  t  note-off  processing  is 
executed.  At  this  time  point,  the  CPU  gives  a  note- 
off  command  to  sound  source  circuit. 

In  the  main  routine  immediately  after  the  zero- 
cross  point  Zero  9,  steps  Q1103  to  Q1108  are 
executed.  In  step  Q1108,  YES  is  given.  Then,  con- 
trol  flows  to  step  Q1127.  At  the  zero-cross  point 
Zero  9,  the  value  of  b'  is  larger  than  OFFLEV  (Fig. 
56(a)),  YES  is  given.  The  CPU  goes  to  step  Q1130 
and  executes  the  processing  for  relative-on  as  in 
step  Q1119. 

If  the  answer  to  step  Q1130  is  YES,  steps 
Q1110  to  Q1112  are  executed,  and  subsequently, 
the  note-on  processing  is  executed. 

In  step  Q1130,  NO  is  given,  and  the  CPU 
returns  to  step  Q1103.  Hence,  steps  Q1103  to 
Q1108  and  Q1129  and  Q1130  are  executed  when- 
ever  the  zero-cross  point  is  reached. 

At  the  zero-cross  point  Zero  1  in  Fig.  Fig  56(a), 
the  next  main  routine  is  executed  and  in  steps 
Q1103  to  1108,  and  Q1129  are  executed.  Since  the 
contents  of  the  b'-register  are  smaller  than  OF- 

hLbVfc,  in  step  uiiiia  inu  is  given,  in  me  suDse- 
quent  step  Q1131,  the  STEP  register  is  cleared.  In 
this  way,  the  CPU  completes  a  sequence  of  note- 
on  procedural  steps  and  returns  to  step  Q1103. 

i  As  described  above,  when  the  harmonic  is 
input.  CPU  6  detects  it  and  appropriately  controls 
the  electric  system  of  the  guitar,  so  that  the  circuit 
erroneously  operates.  Therefore,  unnatural  musical 
tones  is  never  sounded  from  the  guitar.  Further,  the 

o  mute  (note-off)  is  made  from  that  time,  the  perfor- 
mance  by  the  guitar  can  be  made,  as  the  player 
intends. 

Additionally,  when  the  system  is  in  the  normal 
note-off,  the  STEP  register  is  instantaneously  set  to 

5  "0".  When  the  pitch  changes  by  one  octave  of 
more,  3  is  set  to  the  STEP  register.  Then,  the  CPU 
waits  till  the  input  signal  level  becomes  satisfac- 
torily  small,  and  "0"  is  set  to  the  register.  The 
string  vibration  often  continues  when  the  harmonic 

to  is  input.  It  is  possible  to  prevent  the  guitar  system 
from  being  triggered  for  the  relative-on  by  the 
waveform  with  the  level  above  ONLEVI. 

In  the  above-mentioned  embodiment,  CPU  600 
executes  the  interrupt  processing  at  the  zero-cross 

>5  point  immediately  after  each  of  the  maximum  and 
minimum  peak  points.  In  the  main  routine  imme- 
diately  after  each  peak  point,  the  note-on,  period 
computation,  relative-on,  and  note-off  processings 
are  performed.  These  processings  may  be  imme- 

30  diately  after  these  peak  points  are  detected  or 
upon  detection  of  the  zero-cross  point  immediately 
before  the  peak  point.  Various  other  suitable  mea- 
sure  may  be  used  for  the  reference  point  setting 
up.  The  correlative  method  may  be  used  for  the 

35  pitch  extraction. 
While  in  the  above-mentioned  embodiment,  the 

respective  processings  are  executed  in  the  main 
flow,  these  may  be  executed  in  the  respective 
interrupt  routines. 

40  Whiie  in  the  present  invention  is  applied  for  the 
electronic  guitar,  it  can  be  applied  for  any  other 
systems  of  the  type  in  which  pitches  are  extracted 
from  a  sound  signal  or  an  electrical  vibration  as 
input  from  a  microphone,  for  example,  and  an 

45  acoustic  signal,  which  is  different  from  the  original 
signal,  is  generated  at  the  pitches  or  note  fre- 
quencies  corresponding  to  those  of  the  original 
signal.  Specific  examples  of  such  are  electronic 
pianos  with  key  boards,  electronic  wind  instru- 

50  ments,  electronic  string  instruments  such  as  elec- 
tronic  violins  and  koto  (Japanese  string  instrument). 

as 
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3.  Effects 

As  described  above,  when  the  frequency  of  the 
input  waveform  is  approximately  doubled,  that  is, 
increased  by  about  one  octave,  the  CPU  decides 
that  the  harmonic  comes  in,  and  issues  a  com- 
mand  of  note-off.  Therefore,  the  intended  mute 
effects  can  be  obtained,  eliminating  unnatural  musi- 
cal  tone  generation. 

Twelfth  Embodiment 

1  .  General 

A  twelfth  embodiment  of  an  electronic  guitar 
according  to  the  present  invention  will  be  described 
referring  to  Figs.  57  to  59B. 

This  embodiment  improves  the  pitch  change 
control,  which  is  applied  for  the  sound  source  cir- 
cuit. 

In  the  electronic  instrument  including  electronic 
guitars,  it  is  a  common  practice  that  the  pitch  is 
extracted  from  an  input  signal  waveform,  and  then 
control  issues  to  a  sound  source  circuit  a  com- 
mand  to  sound  a  musical  tone  at  the  pitch  as 
defined  by  the  extracted  pitch. 

In  the  instrument  of  this  type,  when  the  pitch 
change  command  is  frequently  applied  to  the 
sound  source  circuit,  the  sound  source  circuit  can- 
not  follow  up  the  pitch  change. 

Particularly  in  such  a  case  that  the  pitch  of  the 
sounding  musical  tone  is  determined  based  on  the 
pitch  data  of  semitone  or  less,  the  sound  source 
circuit  needs  a  long  time  for  the  processing  based 
on  one  pitch  change  command.  Therefore,  there  is 
a  situation  that  a  new  pitch  change  command  is 
issued  when  the  one  command  processing  is  in 
progress. 

To  cope  with  this,  an  approach  has  been  pro- 
posed,  which  uses  a  coarse  resolution  of  the  pitch 
data  to  specify  the  pitch  (in  an  extreme  case,  the 
semitone  is  the  unitary  resolution).  This  approach, 
however,  is  ineffective  for  discrete  pitch  variation  or 
vibrato. 

With  the  view  to  solve  this  problem,  the  twelfth 
Embodiment  provides  an  electronic  guitar  in  which 
the  sound  source  circuit  can  follow  up  the  discrete 
and  rapid  pitch  variation  with  improved  pitch  reso- 
lution  but  without  any  modification  of  the  sound 
source  circuit,  thereby  realizing  natural  musical 
tone  sounding. 

To  achieve  this,  if  once  a  note-on  command  or 
a  pitch  change  command  is  issued,  a  time  count 
means  prohibits  the  issuance  of  a  new  pitch 
change  command  until  a  predetermined  period  of 

time  elapses.  This  confines  the  time  interval  be- 
tween  the  adjacent  pitch  change  commands  within 
a  predetermined  time  period,  and  ensures  a  correct 
processing  of  the  sound  source  circuit. 

5  Therefore,  the  pitch  resolution  of  the  sounded 
musical  tone  can.  be  increased  or  made-  more  dis-* 
Crete  without  the  processing  speed. 

ro  2.  Description  of  Arrangement  and  Operation 

1  )  Arrangement 

An  overajl  circuit  arrangement  of  the  twelfth 
75  embodiment  is  shown  in  Fig.  57,  and  is  substan- 

tially  equal  to  that  of  Fig.  33.  Like  reference  sym- 
bols  are  used  for  like  portions,  for  simplicity. 

In  the  Fig.  57  circuit,  CPU  1200  issues  a  note- 
on  command  to  sound  source  circuit  9.  Upon  re- 

20  ceipt  of  this,  a  sound  source  circuit  progressively 
controls  the  frequency  of  a  sounding  musical  tone 
according  to  the  time  interval  data,  which  are  suc- 
cessively  obtained.  Before  a  pitch  change  com- 
mand  is  applied  to  sound  source  circuit  9,  timer 

25  1208  counts  a  predetermined  time  duration  or  the 
time  duration  required  for  one  command  execution. 
More  specifically,  timer  1208  receives  a  control 
signal  from  CPU  1200,  and  measures  the  predeter- 
mined  time,  and  then  applies  an  interrupt  signal 

30  INTc  to  CPU  1200.  Upon  receipt  of  this  interrupt 
command,  the  CPU  executes  the  interrupt  process- 
ing.  This  will  be  described  in  detail.  As  the  result  of 
the  interrupt  processing,  sound  source  circuit  9 
generates  a  musical  tone  at  the  frequency  as  de- 

35  fined  by  the  pitch  change  command.  Sound  sys- 
tem  sounds  the  musical  tone. 

2)  Operation 
40 

The  interrupt  processings  by  interrupt  signals 
INTa  and  INTb  are  substantially  the  same  as  those 
of  Fig.  34.  The  description  of  these  will  be  omitted. 

An  interrupt  routine  by  interrupt  signal  INTc  is 
45  illustrated  in  Fig.  58.  A  main  routine  of  the  twelfth 

embodiment  is  shown  in  Figs.  59A  and  59B.  The 
main  routine  is  for  the  processing  of  the  waveform 
generated  by  one  string.  The  processing  of  the 
main  routine  is  correspondingly  applied  for  the 

50  waveforms  of  other  strings.  In  the  actual  circuit 
operation  of  the  electronic  guitar,  CPU  1200  ex- 
ecutes  these  main  routines  in  a  time  divisional 
manner. 

The  timing  charts  of  signals  of  the  electronic 
55  guitar  according  to  this  embodiment,  when  it  re- 

ceives  the  input  signal  of  musical  tone,  are  sub- 
stantially  the  same  as  those  of  Figs.  36  to  38. 
These  figures  will  be  used  in  this  embodiment. 

to 
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Before  proceeding  with  the  detailed  description 
)f  the  CPU  operation,  main  registers  in  work  mem- 
jry  601  will  first  be  described. 

A  STEP  register  contains  four  contents  0,  1,2, 
ind  3.  The  contents  of  the  STEP  register  progres- 
sively  change,  as  shown  in  Fig.  36(b)  or  Fig.  37(b), 
is  the  string  is  picked  and  vibrates  (Fig.  36(a)  or 
rig.  37(a)).  The  contents  0  of  this  register  repre- 
sents  the  note-off  state. 

A  SIGN  register  is  used  for  indicating  that  the 
:ero-cross  point  for  period  measurement  follows 
tie  maximum  peak  point  or  the  minimum  peak 
point.  The  contents  1  of  the  register  indicates  the 
zero-cross  point  after  the  maximum  peak  point,  and 
ihe  contents  2  of  the  register  indicates  the  zero- 
Dross  point  after  the  minimum  peak  point. 

A  REVERSE  register  stores  the  data  to  check 
whether  the  interrupt  processing  has  been  made, 
which  is  executed  at  the  arrival  of  the  zero-cross 
point  after  the  peak  point  which  is  located  in  op- 
position  to  the  zero-cross  point  as  given  by  the 
SIGN  register. 

A  T  register  stores  the  count  of  counter  7  at  a 
specific  point  to  measure  the  period  of  the  input 
waveform.  Count  7  free  runs  responsive  to  a  given 
clock  signal. 

An  AMP  (i)  register  stores  the  maximum  or 
minimum  peak  value,  more  exactly,  its  absolute 
value,  which  is  applied  from  A/D  converter  11  and 
latched  in  12.  An  AMP  (1)  register  stores  the  maxi- 
mum  peak  value,  and  an  AMP  (2)  is  for  minimum 
peak  value  storage. 

A  PERIOD  register  stores  the  data  of  measured 
periods.  On  the  basis  of  the  contents  of  this  regis- 
ter,  CPU  1200  executes  the  frequency  control  for 
frequency  ROM  8  and  sound  source  circuit  9. 

A  FLAG  register  is  used  for  control  purposes. 
When  timer  1208  counts  a  predetermined  time,  it 
contains  "0".  Before  its  counting,  the  FLAG  register 
contains  21". 

P  and  P'  registers  store  the  frequency  data 
representing  the  extracted  pitches  (including  the 
frequencies  of  semitone  or  less  expressed  in  cent, 
for  example). 

As  will  be  described  later,  for  various  types  of 
judgement,  three  constants  (threshold  levels)  are 
contained  in  CPU  1200. 

The  first  constant  is  ONLEVI.  As  shown  in  Fig. 
36(a)  and  Fig.  37(a),  the  system  is  in  the  note-off 
mode.  In  this  mode,  when  a  peak  level  higher  than 
ONLEVI  is  detected,  the  CPU  decides  that  a  string 
has  been  picked,  and  starts  the  period  measure- 
ment. 

ONLEVII  is  used  in  such  a  way  that  in  the  note- 
on  mode,  when  the  difference  between  the  pre- 
vious  and  this-time  detection  levels  is  above  the 
level  of  ONLEVEI1,  the  CPU  decides  that  the  trem- 

5  olo  playing  is  performed,  and  executes  the  relative- 
on  processing. 

OFFLEV  is  used  in  such  a  manner  that  in  the 
note-on  mode,  if  the  peak  value  detected  is  below 
this  level  of  OFFLEV,  the  note-off  processing  is 

o  executed  (Fig.  38(a)). 
A  main  routine  and  interrupt  routines,  which  are 

used  in  the  twelfth  embodiment,  will  be  described. 
The  preparatory  knowledge  as  mentioned  above 
will  assist  you  in  understanding  the  routine  descrip- 

rs  tion  to  follow. 
Upon  arrival  of  interrupt  command  signal  INTc, 

CPU  1200  executes  the  interrupt  processing  shown 
in  Fig.  58.  In  step  S1201,  the  CPU  clears  the  FLAG 
register  to  "0",  and  completes  this  routine  process- 

jo  ing. 
In  step  Q1201  of  the  main  routine  (Figs.  59A 

and  59B),  CPU  1200  judges  whether  or  not  the 
contents  of  the  a'-,  b'-,  and  c'-registers  have  been 
stored  into  work  memory  601  ,  through  the  interrupt 

25  processing.  Primed  characters  a',  b'  and  c'  cor- 
respond  to  a.  b  and  c  above,  and  indicate  that 
these  items  of  data  have  previously  stored,  respec- 
tively.  If  no  interrupt  processing  has  been  not  ex- 
ecuted,  the  answer  to  step  Q1201  is  NO,  and  CPU 

30  1200  repeats  the  execution  of  step  Q1201. 
If  the  answer  is  YES.  the  CPU  advances  to 

step  Q1202.  In  this  step,  the  CPU  reads  out  the 
registered  contents  a',  b'  and  t'.  Then,  the  CPU 
goes  to  step  Q1203,  and  reads  out  the  peak  value 

35  at  the  peak  point  of  the  same  type  (maximum  or 
minimum)  which  has  been  stored  in  AMP  (a')  regis- 
ter.  The  CPU  sets  the  peak  value  b'  extracted  this 
time  into  AMP  (a')  register. 

In  step  1204  to  Q1206,  the  CPU  checks  if  the 
40  contents  of  STEP  register  is  3,  2  or  1.  When  the 

system  of  the  electronic  guitar  under  discussion  is 
in  the  initial  condition,  the  STEP  register  is  0,  and 
therefore  the  answer  to  steps  1204,  Q1205  and 
Q1206  is  NO.  In  step  Q1207,  the  CPU  checks  if  the 

45  peak  value  b'  detected  this  time  is  above  or  below 
the  level  of  ONLEVI. 

If  the  peak  value  b'  is  below  ONLEVI,  the 
sounding  start  processing  is  not  executed  and  the 
CPU  returns  to  step  Q1201.  If  it  is  above  ONLEVI, 

so  as  shown  in  Fig.  36(a)  and  Fig.  37(a),  step  Q1207 
gives  the  answer  of  YES  and  the  CPU  advances  to 
step  Q1208. 

In  step  Q1208,  the  CPU  sets  "1"  to  the  STEP 
register.  In  the  next  step  Q1209,  the  CPU  sets  "0" 

55  to  the  REVERSE  register. 

41 
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in  step  Q1210,  the  CPU  inputs  the  value  of  a' 
into  the  SIGN  register.  The  value  of  a'  is  "1  "  at  the 
zero-cross  point  immediately  after  the  maximum 
peak  point,  and  is  "2"  at  the  zero-cross  point 
immediately  after  the  minimum  peak  point. 

In  step  Q1211,  the  value  of  t'  is  set  in  the  T 
register.  As  the  result  of  it.  the  value  of  a'  is  set  in 
the  SIGN  register,  that  of  b'  in  the  AMP  register, 
and  that  of  t'  in  the  T  register.  In  this  instance,  the 
value  of  the  SIGN  register  is  "1"  (Fig.  36(a)  and 
Fig.  37(a)).  Then,  the  CPU  returns  to  step  0.1201 
again. 

The  processing  of  the  main  routine  immedi- 
ately  after  zero-cross  point  Zero  1  in  Fig.  36(a)  and 
Fig.  37(a)  is  completed  through  the  execution  of 
the  sequence  of  processing  steps  as  explained 
above. 

The  main  routine  immediately  after  the  zero- 
cross  point  Zero  2  will  be  described.  In  this  pro- 
cessing,  steps  Q1201.  Q1202,  Q1203.  1204,  Q1205 
and  Q1206  will  be  executed.  If  the  answer  YES  is 
given  in  step  Q1206,  the  CPU  advances  to  step 
Q1212. 

When  the  input  waveform  rises  at  the  time  of 
waveform  inputting  as  shown  in  Fig.  36(a)  and  Fig. 
37(a),  the  SIGN  register  is  "1  ".  Since  the  present 
wave  of  the  waveform  has  passed  the  negative 
peak,  the  register  is  "2"  and  NO  is  given.  When 
the  zero-cross  point  immediately  after  the  peak 
point  with  the  same  polarity  is  reached,  this  step 
gives  YES.  The  CPU  does  not  execute  any  further 
processing  and  returns  to  step  Q1201. 

In  step  Q1212,  NO  is  given,  and  after  that,  the 
CPU  advances  to  Q1213  and  sets  2  in  the  STEP 
register  (see  Fig.36(b)  and  Fig.  37(b)). 

Following  step  Q1213,  the  CPU  executes  step 
Q1214  and  compares  the  previous  peak  point 
(AMP  (SIGN))  with  the  present  peak  point  (b').  If 
the  previous  value  X0  is  smaller  than  the  present 
value  (X1>X0)  as  shown  in  Fig.36(a).  YES  will  be 
given.  To  set  up  the  period  measuring  start  point  at 
time  point  t'  (Fig.  36(c)),  the  CPU  jumps  from  step 
Q1214  to  steps  Q1210  and  Q1211,  to  set  2  in  the 
SIGN  register  and  at  the  same  time  to  transfer  the 
contents  of  the  t'-register  to  the  T  register. 

On  the  contrary,  if  the  previous  peak  point  is 
above  the  present  peak  point,  XKXO,  as  shown  in 
Fig.  37(a),  NO  is  given  in  step  Q1214  and  1  is  set 
in  the  REVERSE  register  in  step  Q1215.  In  this 
case,  the  previous  value  1  is  maintained  in  the 
SIGN  register.  As  the  result  of  it,  the  previous  zero- 
cross  point  Zero  1  is  the  period  measuring  start 
point,  in  this  case  (see  Fig.  37(c)). 

When  the  CPU  executes  the  main  flow  after 
the  next  zero-cross  point  (Zero  3)  is  passed,  the 
CPU  advances  to  step  Q1216  after  YES  is  given  in 
step  Q1205.  The  present  value  of  a'  is  1,  that  of  the 
SIGN  register  is  2  as  shown  in  Fig.  36,  and  that  of 

the  SIGN  register  is  1  as  shown  in  Fig.  37.  There- 
fore,  in  the  case  of  Fig.  36,  NO  is  given  in  step 
Q1216  and  the  CPU  advances  to  Q1215  and  re- 
turns  to  Q1201.  In  other  words,  CPU  1200  recog- 

5  nizes  that  the  first  peak  point  (amplitude  X2)  is 
passed  after  the  period  measurement  starts.  • 

In  Fig.  37,  the  CPU  has  the  answer  of  YES  in 
step  Q1216  and  advances  to  step  Q1217  to  check 
if  the  value  of  the  REVERSE  register  is  1.  If  the 

w  value  of  the  REVERSE  register  is  not  1,  the  CPU 
judges  NO  and  returns  to  step  Q1201.  As  men- 
tioned  above,  after  execution  of  step  Q1215,  the 
value  of  this  register  is  1.  Then,  the  CPU  advances 
to  step  Q1217  and  Q1218,  and  inputs  3  in  the 

75  STEP  register  (see  Fig.  37(b)).  In  step  S1219,  the 
CPU  subtracts  the  value  of  the  T  register,  i.e.  the 
time  of  the  zero-cross  point  Zero  1  ,  from  the  value 
of  the  counter  7  given  by  the  this-time  interrupt 
processing,  and  the  CPU  loads  it  in  the  PERIOD 

20  register. 
The  time  length  PERIOD  shown  in  Fig.  37(c)  is 

that  of  one  period.  In  step  Q1220,  the  CPU  trans- 
fers  the  contents  of  t'-register  to  the  T  register,  and 
starts  the  new  period  measurement. 

25  In  the  subsequent  step  Q1240,  the  CPU  com- 
putes  the  pitch  of  the  musical  tone  to  be  generated 
on  the  basis  of  the  PERIOD  register,  and  loads  the 
pitch  data  (some  other  data  representing  the  com- 
puted  data)  into  the  P'  register.  The  pitch  data 

30  preferably  contains  octave,  note,  and  the  pitch  of 
semitone  or  less,  which  are  expressed  in  the  unit  of 
cent.  In  the  next  step  S1221,  CPU  1200  issues  a 
note-on  command  to  sound  source  circuit  9  in 
response  to  the  contents  of  the  P'  register.  From 

35  this  time  point,  the  musical  tone  is  generated.  The 
CPU  flows  to  step  Q1241.  In  this  step,  timer  8 
starts  its  count  and  counts  a  predetermined  time 
under  control  of  the  CPU.  In  step  Q1242,  "1"  is  set 
in  the  FLAG  register. 

40  In  the  case  of  Fig.  36,  the  main  flow  after  the 
next  zero-cross  point  Zero  4  is  executed  again,  and 
the  CPU  jumps  from  step  Q1205  to  Q1216.  Since 
the  value  of  the  SIGN  register  is  now  2,  YES  is 
given  in  step  Q1216.  Subsequently,  steps  Q1217  to 

45  Q1240,  Q1221,  and  Q1241  to  1242  are  executed. 
At  this  time,  CPU  1200  recognizes  the  time  interval 
from  zero-cross  points  Zero  2  to  Zero  4  shown  in 
Fig.  36(c),  as  one  period.  The  guitar  starts  the 
sounding  of  the  musical  tone  at  the  frequency  as 

so  defined  by  the  time  length  recognized  (see  Fig.  36- 
(d)). 

Thus,  the  period  measurement  is  executed 
from  the  next  zero-cross  point  after  the  peak  point 
whose  value  is  larger.  The  period  measurement  is 

55  completed  at  the  next  zero-cross  point  located  in 
the  same  side  as  the  previous  peak  point.  As  the 
result  of  it,  one  period  of  low-pass  filter  3  output 
waveform  is  extracted. 

42 



83 0  264  955 84 

After  the  sounding  start  processing,  the  CPU 
advances  from  step  1204  to  step  Q22  in  the  main 
routine  processing,  and  checks  if  the  value  of  the 
present  peak  point  b'  is  above  OFFLEV  as  shown 
in  Fig.  38. 

If  now  that  value  is  above  this  level,  the  CPU 
advances  to  step  Q1223,  and  judges  whether  or 
not  the  relative-on  processing  should  be  executed. 
In  other  words,  the  CPU  checks  if  the  value  of  the 
present  peak  point  (b')  is  above  that  of  the  previous 
peak  point  by  ONLEVII,  i.e.  checks  if  the  value  of 
the  extracted  peak  point  rapidly  increases  during 
sounding. 

When  a  string  is  picked,  the  vibration  of  the 
string  gradually  damps  toward  zero.  NO  is  given  in 
step  Q23.  In  case  that  before  the  vibration  of  the 
string  previously  picked  damps  to  zero,  another 
string  is  picked  by  the  tremolo  playing,  for  exam- 
ple,  the  answer  to  step  Q23  is  often  YES. 

In  this  case,  the  CPU  jumps  to  step  Q1208 
after  judging  YES  in  Q23,  and  then  executes  step 
Q1209  to  step  Q1211.  As  a  result,  the  CPU  sets 
"1"  in  the  STEP  register,  and  subsequently  ex- 
ecutes  the  same  processing  as  that  of  the  soun- 
ding  start.  In  other  words,  after  loading  "1"  in  the 
STEP  register,  the  CPU  executes  step  Q1216  to 
step  Q1221  again,  and  executes  the  relative-on 
processing. 

In  the  normal  picking,  the  CPU  executes  step 
Q1223  followed  by  step  Q1224,  and  compares  the 
contents  of  a'-register  with  those  of  the  SIGN  regis- 
ter.  If  these  do  not  coincide,  the  CPU  advances  to 
step  Q1215  for  the  interrupt  processing  at  the  next 
zero-cross  point.  If  these  coincide,  the  CPU  pro- 
ceeds  to  step  Q1202  because  the  present  wave  of 
the  waveform  has  the  peaks  with  the  opposite 
polarities  (positive  and  negative  peaks)  in  the  past. 
Then  the  CPU  judges  whether  or  not  the  value  of 
the  REVERSE  register  is  "1".  If  the  result  is  NO,  it 
returns  directly  to  step  Q1201.  If  YES  is  given,  the 
CPU  advances  from  step  Q1225  to  step  Q1226. 
Then  the  contents  of  the  T  register  is  subtracted 
from  those  of  the  t'  register  for  obtaining  a  new 
period,  and  the  result  is  set  in  the  PERIOD  register. 

In  step  Q1227,  the  contents  of  f  register  are 
transferred  to  the  T  register.  In  the  next  step 
Q1229,  CPU  1200  clears  the  REVERSE  register 
and  executes  the  next  period  measurement. 

In  the  subsequent  step  1243,  the  CPU  checks 
if  the  FLAG  register  contains  "0".  If  the  answer  is 
NO,  the  CPU  returns  to  step  Q1201.  No  pitch 
change  processing  is  performed  on  the  period  data 
as  stored  in  the  PERIOD  register.  When  YES  is 
given  in  step  Q1241,  that  is,  timer  Q1208  has 
counted  time  from  the  previous  note-on  processing 
and  pitch  change  processing,  and  the  interrupt 

processing  (Fig.  58)  has  been  made,  if  a  new 
frequency  change  command  is  applied  to  sound 
source  circuit  9,  the  circuit  9  accepts  the  command 
for  its  appropriate  processing. 

5  Control  flows  to  the  next  step  Q1244,  whose 
processing  is  similar  to  that  of  step  Q1240.  In  the 
step  Q1244,  the  pitch  frequency  data  is  set  to  the 
P  register.  In  step  Q1245,  the  CPU  checks  if  the 
frequency  data  stored  in  the  P'  register  is  co- 

10  incident  with  that  in  the  P  register  obtained  this 
time. 

If  these  are  coincident,  no  frequency  change  is 
required,  and  control  flows  from  step  Q1245  to 
Q1201.  If  these  are  not  coincident,  the  CPU  de- 

75  cides  that  the  frequency  of  the  input  signal  has 
been  changed  by  the  guitar  playing,  for  example, 
and  executes  the  following  processing  to  change 
the  frequency  of  the  output  musical  tone. 

When  NO  is  given  in  step  Q1245,  control  flows 
20  to  step  Q1228.  In  this  step,  the  pitch  data  in  the 

register  is  transferred  to  sound  source  circuit  9.  In 
response  to  a  new  pitch  change  command,  the 
circuit  changes  the  old  frequency  of  the  musical 
tone  to  the  new  one. 

25  In  step  Q1228,  CPU  1200  transfers  the  con- 
tents  of  the  P  register  to  the  P'  register,  and  in 
steps  Q1241  and  1242,  is  ready  for  the  next  pitch 
change. 

Thus,  this  embodiment  discretely  and  momen- 
30  tly  picks  up  a  variation  of  the  frequency  of  string 

vibration,  and  controls  the  frequency  according  to 
the  picked  up  discrete  data  in  a  real  time  manner. 

As  described  above,  when  the  string  vibration 
damps  and  the  peak  value  becomes  below  the 

35  level  of  OFFLEV,  as  shown  in  Fig.  38,  the  CPU 
jumps  from  step  Q1222  to  step  Q1230  to  clear  the 
STEP  register.  In  the  next  step  Q1231,  the  note-off 
processing  is  executed,  and  the  CPU  gives  the 
note-off  command  to  sound  source  circuit  9,  to 

40  stop  the  sounding  of  musical  tone. 
As  seen  from  the  foregoing,  after  the  note-on 

command  and  the  note-off  command  are  applied  to 
sound  source  circuit  9,  and  further  at  least  a  pre- 
determined  time  counted  by  timer  1208,  viz.,  the 

45  time  required  for  sound  source  circuit  9  to  com- 
plete  its  processing,  is  elapsed,  a  new  pitch 
change  command  is  applied  to  sound  source  cir- 
cuit  9.  Therefore,  the  electronic  guitar  of  this  em- 
bodiment  can  execute  the  satisfactory  processing 

so  when  receiving  a  musical  tone  with  continually  and 
rapidly  changing  pitches.  This  can  be  realized  with 
high  resolution  of  pitch,  and  regardless  of  the  data 
transfer  speed  between  CPU  1200  and  sound 
source  circuit  9. 

55 
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As  soon  as  a  note-on  command  or  a  note-off 
command  is  issued,  CPU  1200  executes  the  cor- 
responding  processing,  and  gives  a  necessary 
command  to  sound  source  circuit  9.  In  this  respect, 
the  guitar  system  is  good  in  response. 

In  the  above-mentioned  embodiment,  the  CPU 
executes  the  interrupt  processing  at  the  zero-cross 
point  immediately  after  each  peak  point  followed 
by  the  various  types  of  processings  such  as  the 
sounding  start,  period  calculation,  relative-on  and 
note-off.  If  necessary,  these  processings  can  be 
executed  when  each  peak  point  is  detected  or 
when  the  zero-cross  point  immediately  before  the 
peak  point  is  detected.  Any  other  suitable  measure 
may  be  taken  for  obtaining  the  reference  point.  If 
necessary,  an  additional  pitch  extraction  system 
may  be  used,  which  is  based  on  the  auto-correla- 
tion  function. 

While  in  the  above-mentioned  embodiment,  the 
present  invention  is  applied  for  the  electronic  gui- 
tar,  it  can  be  applied  for  any  other  systems  of  the 
type  in  which  pitches  are  extracted  from  a  sound 
signal  or  an  electrical  vibration  as  input  from  a 
microphone,  for  example,  and  an  acoustic  signal, 
which  is  different  from  the  original  signal,  is  gen- 
erated  at  the  pitches  or  note  frequencies  corre- 
sponding  to  those  of  the  original  signal.  Specific 
examples  of  such  are  electronic  pianos  with  key 
boards,  electronic  wind  instruments,  electronic 
string  instruments  such  as  electronic  violins  and 
koto  {Japanese  string  instrument). 

As  described  above,  once  a  note-on  command 
or  a  pitch  change  command  is  issued,  an  additional 
pitch  change  command  is  prohibited  until  the  time 
count  means  counts  a  predetermined  time.  There- 
fore,  the  electronic  guitar  of  this  embodiment  has  a 
high  pitch  resolution  with  a  low  frequency  of  out- 
putting  the  pitch  change  commands. 

It  should  be  understood  that  the  novel  technical 
ideas  with  satisfactory  inventive  steps,  which  are 
presented  in  the  first  to  twelfth  embodiments  may 
be  applied,  individually  and  in  combination,  to 
musical  instruments.  It  is  evident  to  those  skilled  in 
the  art  that  the  present  invention  may  further  be 
modified  and  changed  variously  within  the  scope  of 
the  invention. 

Claims 

1  .  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

positive  peak  detecting  means  (4)  for  detecting 
positive  peak  points  in  the  input  waveform  signal; 

negative  peak  detecting  means  (5)  for 
detecting  negative  peak  points  in  the  input 

waveform  signal; 
first  peak  point  finding  means  (6)  for  finding  a 

positive  peak  point  succeeding  to  a  negative  peak 
point  detected  by  said  negative  peak  detecting 

5  means,  from  those  positive  peak  points  detected 
by  said  positive  peak  detecting,  means; 

second  peak  point  finding  means  (6)  for 
finding  a  negative  peak  point  succeeding  to  the 
positive  peak  point  detected  by  said  positive  peak 

70  detecting  means,  from  those  negative  peak  points 
detected  by  said  negative  peak  detecting  means; 

time  measuring  means  (7)  for  measuring  at 
least  one  of  a  time  duration  between  positive  peak 
points  as  found  by  said  first  peak  point  detecting 

75  means  and  a  time  duration  between  negative  peak 
points  as  found  by  said  second  peak  point  detect- 
ing  means;  and 

output  means  (8)  for  outputting  pitch  data  to 
determine  tone  pitches  through  a  predetermined 

20  processing  on  the  basis  of  said  time  duration  mea- 
sured  by  said  time  measuring  means. 

2.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 

25  characterized  by  comprising: 
positive  peak  detecting  means  (4)  for  detecting 

positive  peak  points  in  the  input  waveform  signal; 
negative  peak  detecting  means  (5)  for 

detecting  negative  peak  points  in  the  input 
30  waveform  signal; 

peak  point  finding  means  (200)  for  finding  a 
positive  peak  point  succeeding  to  a  negative  peak 
point  detected  by  said  negative  peak  detecting 
means,  from  those  positive  peak  points  detected 

35  by  said  positive  peak  detecting  means; 
time  measuring  means  (7)  for  measuring  a 

time  duration  between  the  positive  peak  points  as 
found  by  said  peak  point  detecting  means;  and 

output  means  (8)  for  outputting  pitch  data  to 
40  determine  tone  pitches  through  a  predetermined 

processing  on  the  basis  of  said  time  duration  mea- 
sured  by  said  time  measuring  means. 

3.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 

45  pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

peak  detecting  means  (4)  for  detecting  at  least 
one  of  positive  and  negative  peak  points  in  a 
waveform  of  an  input  waveform  signal; 

so  zero-cross  point  detecting  means  (6)  for 
detecting  zero-cross  points  in  said  waveform;  and 

pitch  extracting  means  (P1  -  P6)  for  extracting 
pitches  of  said  input  waveform  signal  by  detecting 
at  least  one  of  a  time  interval'  (t1  )  between  a  zero- 

55  cross  point  first  detected  by  said  zero-cross  point 
detecting  means  after  the  positive  peak  point  is 
detected  by  said  peak  detecting  means  and  a  time 
interval  (t2)  between  a  zero-cross  point  first  de- 
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ected  by  said  zero-cross  point  detecting  means 
after  the  negative  peak  point  is  detected  by  said 
peak  detecting  means. 

4.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

pitch  extracting  means  (P11  -  P16)  for 
sxtracting  pitches  of  an  input  waveform  signal; 

input  signal  check  means  (400)  for  checking 
whether  said  input  waveform  signal  is  present  or 
riot;  and 

commanding  means  (400),  when  said  input 
signal  check  means  detects  the  presence  of  said 
input  waveform  signal,  said  commanding  means 
giving  a  sounding  start  command  to  first  generate  a 
musical  tone  with  a  predetermined  pitch,  and  when 
the  pitch  of  said  input  waveform  signal  is  extracted 
by  said  pitch  extracting  means,  said  commanding 
means  giving  a  command  to  change  the  pitch  of 
said  generated  musical  tone  to  the  extracted  pitch. 

5.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

detecting  means  (P1  -  P6),  when  said  input 
waveform  signal  is  inputted,  for  detecting  two 
periods  of  said  input  waveform  signal  within  a  time 
duration  shorter  than  the  two  periods  of  said  input 
waveform  signal;  and 

commanding  means  (600),  when  the  two 
periods  detected  by  said  detecting  means  are  ap- 
proximately  equal  to  each  other,  said  commanding 
means  giving  a  command  to  generate  a  musical 
tone  at  a  frequency  whose  period  corresponds  to 
said  detected  period. 

6.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

detecting  means  (P1  -  P6)  for  detecting,  at  a 
start  of  inputting  said  input  waveform  signal,  wheth- 
er  a  variation  of  peak  values  of  the  input  waveform 
signal  is  steep  or  gentle; 

commanding  means  (600),  when  said  detect- 
ing  means  detects  a  gentle  variation  of  the  input 
waveform  signal,  said  commanding  means  not  giv- 
ing  a  musical  tone  sounding  command,  and  when 
said  detecting  means  detects  a  steep  variation  of 
the  input  waveform  signal,  said  commanding 
means  giving  a  musical  tone  sounding  command. 

7.  An  electronic  musical  instrument  of  a  type  in 
which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

detecting  means  (4,  5)  for  detecting  positive 
and  negative  peak  points  of  the  input  waveform 
signal; 

measuring  means  (7)  for  measuring  a  time 
interval  in  a  manner  that  absolute  values  at  the 
positive  and  negative  peak  points  of  said  input 
waveform  signal  immediately  after  said  input 

5  waveform  signal  rises,  are  compared,  and  a  point 
relating  to  the  peak  point  of  a  larger  value  is  used 
as  a  starting  point  of  said  time  interval,  and  an  end 
point  of  said  time  interval  is  a  point  relating  to  a 
peak  point,  which  is  the  same  polarity  as  that  of  the 

io  peak  point  used  as  the  starting  point,  and  satisfies 
a  predetermined  condition;  and 

commanding  means  (1000)  for  giving  a 
command  to  generate  a  musical  tone  at  a  fre- 
quency  based  on  said  time  interval  measured  by 

rs  said  measuring  means. 
8.  An  electronic  musical  instrument  of  a  type  in 

which  musical  tones  are  generated  on  the  basis  of 
pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

20  first  measuring  means  (7)  for  measuring  a 
given  time  period  of  one  wave  length  of  said  input 
waveform  signal; 

second  measuring  means  (7)  for  measuring  a 
given  time  period  of  one  wave  length  partially  over- 

25  lapping  said  one  wave  length  as  measured  by  said 
first  measuring  means; 

third  measuring  means  (7)  for  measuring  a 
given  time  period  of  one  wave  length  partially  over- 
lapping  said  one  wave  length  as  measured  by  said 

30  second  measuring  means; 
judging  means  (600)  for  judging  if  the  given 

time  periods  measured  by  said  first  to  third  mea- 
suring  means  are  coincident  with  one  another;  and 

commanding  means  (600),  when  said  given 
35  time  periods  are  substantially  coincident,  for  giving 

a  command  to  generate  a  musical  tone  at  the 
frequency  based  on  said  given  time  periods  as 
measured  by  said  first  to  third  measuring  means. 

9.  An  electronic  musical  instrument  of  a  type  in 
40  which  musical  tones  are  generated  on  the  basis  of 

pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

detecting  means  (P1  -  P6)  for  detecting  a 
variation  of  peak  values  in  said  input  waveform 

45  signal;  and 
commanding  means  (600),  when  said  detect- 

ing  means  detects  a  rapid  increase  of  a  peak  value 
of  said  input  signal  waveform  during  sounding  of  a 
musical  tone,  said  commanding  means  giving 

so  again  a  command  to  start  the  sounding  of  said 
musical  tone. 

10.  An  electronic  musical  instrument  of  a  type 
in  which  musical  tones  are  generated  on  the  basis 
of  pitches  extracted  from  an  input  waveform  signal 

55  characterized  by  comprising: 
frequency  measuring  means  (P1  -  P6)  for 

measuring  a  frequency  of  the  input  waveform  sig- 
nal; 
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sounding  commanding  means  (600)  for 
commanding  generation  of  a  musical  tone  based 
on  the  measured  frequency; 

detecting  means  (4,  5)  for  detecting  positive 
and  negative  peak  values  of  said  input  waveform 
signal: 

judging  means  (600)  for  judging  if  difference 
values  between  the  positive  and  negative  peak 
values  detected  by  said  detecting  means  and  those 
values  as  previously  detected  exceed  a  predeter- 
mined  value;  and 

sounding  stop  commanding  means  (600)  for 
commanding  the  stop  of  the  musical  tone  sounding 
on  the  basis  of  the  result  of  judging  by  said  judging 
means. 

1  1  .  An  electronic  musical  instrument  of  a  type 
in  which  musical  tones  are  generated  on  the  basis 
of  pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

frequency  measuring  means  (P1  -  P6)  for 
measuring  a  frequency  of  said  input  waveform  sig- 
nal; 

sounding  commanding  means  (1000)  for  giving 
a  command  to  generate  a  musical  tone  based  on 
the  frequency  measured  by  said  frequency  mea- 
suring  means; 

level  judging  means  (1000)  for  judging  if  a 
level  of  said  input-  waveform  signal  is  below  a 
predetermined  value; 

continue  judging  means  (1000)  for  judging  if 
the  input  signal  level  below  the  predetermined  level 
continues  for  a  predetermined  period  of  time;  and 

sounding  stop  commanding  means  (1000)  for 
stopping  sounding  when  said  continue  judging 
means  judges  that  said  input  signal  level  state 
continues  for  the  predetermined  time. 

12.  An  electronic  musical  instrument  of  a  type 
in  which  musical  tones  are  generated  on  the  basis 
of  pitches  extracted  from  an  input  waveform  signal 
characterized  by  comprising: 

memory  means  (601)  for  storing  pitch  data 
representing  a  pitch; 

comparing  means  (1200)  for  comparing  a  past 
pitch  data  previously  extracted  and  stored  in  said 
memory  means  with  pitch  data  extracted  this  time; 
and 

control  means  (1200),  when  a  comparing  result 
of  said  comparing  means  shows  that  the  pitch  data 
extracted  this  time  is  about  one  octave  higher  than 
the  past  pitch  data  read  out  from  said  memory 
means,  for  judging  that  the  harmonics  are  gen- 
arated  and  outputting  a  sounding  stop  command  to 
stop  the  sounding  of  said  musical  tone. 

13.  An  electronic  musical  instrument  character- 
zed  by  having  pitch  detecting  means  (P1  -  P6)  for 
detecting  a  fundamental  pitch  frequency  from  an 
nput  waveform  signal,  and  commanding  means 
[9)  for  commanding  sound  source  means  to  gen- 

erate  a  musical  tone  at  a  pitch  based  on  said 
fundamental  pitch  frequency  as  detected  by  said 
pitch  detecting  means,  which  further  comprises: 

time  count  means  (1208),  every  time  said 
5  commanding  means  gives  a  sounding  start  com- 

mand  or  a  pitch  change  command  to  said  sound 
source  means,  said  time  count  means  counting  the 
elapse  of  time  since  it  is  given;  and 

means  (1200)  for  causing  said  commanding 
io  means  (9)  to  give  a  new  pitch  change  command 

based  on  the  fundamental  pitch  frequency  as  de- 
tected  by  said  pitch  detecting  means  after  said 
time  count  means  counts  a  predetermined  time. 
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