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Description 

The  present  invention  relates  to  an  electronic 
musical  instrument  as  mentioned  in  the  introduced 
part  of  claim  1.  The  muscial  instrument  is  of  the 
fretted  and  stringed  type  including  a  signal  con- 
trolled  tone  generator.  More  particularly,  the 
present  invention  relates  to  a  fretted  and  stringed 
musical  instrument  to  form  part  of  a  sound-pro- 
duing  system.  An  electric  or  electronic  musical 
instrument  to  which  the  present  invention  apper- 
tains  is  of  the  fretted  and  stringed  type  and  may 
thus  be  by  way  of  example  of  the  guitar,  mandolin, 
banjo,  balalaika  or  lute  type.  A  similar  electronic 
muscial  instrument  is  shown  in  the  US-A-4,723,468. 

With  a  fretted  and  stringed  electric  or  elec- 
tronic  musical  instrument,  musical  sound  is  pro- 
duced  with  various  tones  generated  through  detec- 
tion  of  the  timings  at  which  strings  are  picked  and 
the  locations  of  the  fret  members  against  which  the 
strings  being  picked  are  pressed  on  the  finger- 
board.  The  timing  at  which  a  string  is  picked  can 
be  detected  by  the  use  of  an  electromagnetic  pic- 
kup  device  responsive  to  relatively  low  frequency 
vibrations  of  the  string.  On  the  other  hand,  the 
location  of  the  fret  member  with  which  a  string  is 
pressed  into  contact  is  detected  by  a  fret-position 
detector  using  piezoelectric  transducer  elements 
respectively  engaging  the  strings  of  the  musical 
instrument.  Each  of  the  piezoelectric  transducer 
elements  is  electrically  activated  to  produce  ultra- 
sonic  vibrations  in  the  associated  string  and  the 
ultrasonic  vibrations  thus  produced  in  the  string  are 
transmitted  to  the  fret  member  with  which  the 
string  is  currently  pressed  into  contact.  The  vibra- 
tions  which  have  reached  the  particular  fret  mem- 
ber  are  then  reflected  from  the  fret  member  and 
are  transmitted  backwardly  to  the  piezoelectric 
transducer  element.  The  ultrasonic  vibrations  re- 
turned  to  the  piezoelectric  transducer  element  me- 
chanically  activate  the  transducer  element  to  pro- 
duce  an  electric  output  signal  when  the  vibrations 
are  received  by  the  transducer  element.  The  signal 
thus  produced  by  the  piezoelectric  transducer  ele- 
ment  is  monitored  to  determine  the  time  interval 
intervening  between  the  generation  of  the  ultra- 
sonic  vibrations  in  the  sound  and  the  generation  of 
the  signal  by  the  ultrasonic  vibrations  returned  to 
the  transducer  element.  An  electronic  musical  in- 
strument  of  this  type  is  disclosed  in  U.S.  Patent 
No.  4,723,468. 

The  fret-position  detector  used  in  a  prior-art 
electronic  musical  instrument  of  the  described  type 
depends  for  its  operation  on  the  period  of  time  for 
which  ultrasonic  vibrations  are  transmitted  to  and 
from  a  fret  member.  For  this  reason,  it  is  of  critical 
importance  for  the  reliability  of  operation  of  the 
instrument  that  the  ultrasonic  vibrations  echoed 

from  the  fret  member  be  strictly  discriminated  from 
various  spurious  vibrations  which  may  be  transmit- 
ted  to  the  piezoelectric  transducer  element  to  act 
as  noises  to  the  echoed  signal  vibrations.  The 

5  spurious  vibrations  which  may  be  transmitted  to  the 
piezoelectric  transducer  element  include  vibrations 
echoed  from  a  bridge  member  carrying  the  piezo- 
electric  transducer  elements  of  the  fret-position  de- 
tector  per  se.  Such  spurious  vibrations  are  pro- 

io  duced  in  the  bridge  member  in  direct  response  to 
the  ultrasonic  vibrations  generated  in  the  trans- 
ducer  elements  and  are  reflected  from  the  bridge 
member  directly  to  each  of  the  transducer  ele- 
ments. 

75  To  eliminate  the  effects  of  such  noise  vibra- 
tions  which  may  be  transmitted  to  the  piezoelectric 
transducer  elements  of  the  fret-position  detector, 
the  electric  output  signal  produced  by  each  of  the 
transducer  elements  is  analyzed  to  detect  the 

20  cyclically  occurring  peaks  of  the  signal  waveform 
and  determine  the  time  interval  intervening  be- 
tween  successive  two  of  the  peaks  detected.  A 
problem  still  arises  in  this  manner  of  detecting  the 
fret  positions  because,  primarily,  the  peaks  of  the 

25  signal  waveform  produced  by  the  fretposition  de- 
tector  are  subject  to  irregular  variation  depending 
on  the  conditions  in  which  the  string  through  which 
the  ultrasonic  vibrations  are  transmitted  is  held  in 
contact  with  the  fret  member  to  which  the  vibra- 

30  tions  are  transmitted.  Such  irregular  variation  in  the 
peaks  of  the  signal  waveform  may  cause  an  error 
in  the  time  interval  determined  on  the  basis  of  the 
signal  from  the  fret-position  detector.  When  such 
an  error  is  grown  to  a  critical  degree  after  the 

35  instrument  is  used  for  an  extended  period  of  time, 
deviation  may  be  caused  between  the  note  of  the 
sound  intended  to  be  produced  by  the  player  of 
the  instrument  and  the  note  of  the  sound  actually 
produced  by  the  instrument  in  response  to  the 

40  signal  from  the  fret-position  detector. 
The  present  invention  first  contemplates  elimi- 

nation  of  these  drawbacks  of  a  prior-art  electronic 
musical  instrument  using  a  known  fret-position  de- 
tector.  It  is,  accordingly,  an  important  object  of  the 

45  present  invention  to  provide  an  electronic  musical 
instrument  in  which  the  location  of  the  fret  member 
with  which  a  string  being  picked  is  pressed  into 
contact  can  be  accurately  determined  without  re- 
spect  to  the  spurious  vibrations  which  may  be 

50  transmitted  to  the  piezoelectric  transducer  ele- 
ments  of  the  fret-position  detector  included  in  the 
instrument. 

There  is  also  an  important  problem  which  re- 
sults  from  the  fact  that  the  fret-position  detector 

55  depends  for  its  operation  on  the  time  interval  for 
which  supersonic  vibrations  are  transmitted  to  and 
from  a  fret  member.  Such  a  time  interval  is  how- 
ever  subject  to  fluctuations  due  to  deformation  of 

2 



3 EP  0  288  062  B1 4 

the  neck  portion  of  the  instrument  as  caused  by 
the  tensions  maintained  in  the  strings  and  to  lateral 
displacement  of  the  strings  on  the  fret  members.  In 
case  such  fluctuations  in  the  time  interval  are  of  a 
critical  degree,  deviation  may  also  be  caused  be- 
tween  the  note  of  the  sound  intended  to  be  pro- 
duced  by  the  player  of  the  instrument  and  the  note 
of  the  sound  actually  produced  by  the  instrument 
in  response  to  the  signal  from  the  fret-position 
detector. 

Thus,  the  present  invention  further  contem- 
plates  elimination  of  such  a  drawback  of  a  prior-art 
electronic  musical  instrument  using  a  known  fret- 
position  detector.  Accordingly,  it  is  also  important 
for  the  present  invention  to  provide  an  electronic 
musical  instrument  capable  of  accurately  determin- 
ing  the  location  of  a  fret  member  without  respect  to 
the  fluctuations  which  may  be  caused  in  the  time 
interval  determined  by  the  fret-position  detector 
included  in  the  instrument. 

In  the  meantime,  there  is  known  and  used  a 
"bent-string"  playing  technique  with  which  a  string 
is  forced  to  sidewise  slide  on  a  fret  member  to 
produce  a  rising  intonation.  When  such  a  technique 
is  used  during  playing  of  a  musical  instrument 
having  a  fret-position  sensor  of  the  described  na- 
ture,  the  sensor  could  not  detect  the  mode  of 
playing  and  for  this  reason  the  sound  producing 
system  could  not  produce  the  player's  intended 
rising  intonation.  This  is  primarily  because  of  the 
fact  that  the  sensor  depends  for  its  operation  mere- 
ly  on  the  period  of  time  for  which  vibrations  are 
transmitted  to  a  fret  member  and  backwardly  from 
the  fret  member  to  the  sensor.  To  eliminate  such 
an  inconvenience,  an  electronic  musical  instrument 
has  been  proposed  which  uses  probe  elements 
respectively  held  in  engagement  with  the  individual 
strings  of  the  instrument.  Each  of  the  probe  ele- 
ments  is  located  to  intercept  the  path  of  light  in  a 
photocoupling  unit  which  thus  produces  an  electric 
signal  variable  with  the  lateral  displacement  of  the 
string  engaged  by  the  associated  probe  element. 
An  electronic  musical  instrument  of  this  type  is 
disclosed  in  Japanese  Patent  Application  No.  62- 
083289. 

When  the  features  of  these  two  types  of  prior- 
art  musical  instruments  are  combined,  an  elec- 
tronic  musical  instrument  allowing  the  player  of  the 
instrument  to  use  the  bent-string  playing  technique. 
In  such  an  electronic  musical  instrument  having  the 
combined  features  of  the  two  types  of  prior-art 
instruments,  the  signal  produced  from  the 
photocoupling  unit  is  produced  upon  comparison 
with  a  signal  produced  when  the  associated  string 
remains  in  a  non-bent  state  extending  straight  on  a 
fret  member.  It  is  thus  of  critical  importance  that 
the  value  of  the  signal  produced  responsive  to  a 
string  in  such  a  non-bent  state  be  accurately  deter- 

mined  by  the  photocoupling  unit.  Difficulties  are 
however  encountered  in  accurately  determining 
such  a  value  because,  primarily,  of  the  fact  that  the 
position  of  each  string  on  a  fret  member  is  subject 

5  to  variation  depending  on  the  tension  in  the  string. 
The  present  invention  further  contemplates 

elimination  of  such  a  drawback  of  an  electronic 
musical  instrument  having  the  combined  features 
of  the  two  types  of  prior-art  instruments.  It  is, 

io  accordingly,  important  for  the  present  invention  to 
provide  an  improved  electronic  musical  instrument 
having  a  bent-string  sensor  and  capable  of  ac- 
curately  determining  a  non-bent  state  of  a  string. 

In  accordance  with  one  outstanding  aspect  of 
is  the  present  invention,  the  aforesaid  object  is  ob- 

tained  with  the  features  of  the  characterizing  part  of 
claim  1.  Preferred  embodiments  of  the  invention 
are  mentioned  in  the  subclaims. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  features  and  advantages  of  a  musical  in- 
strument  according  to  the  present  invention  will  be 
more  clearly  understood  from  the  following  descrip- 

25  tion  taken  in  conjunction  with  the  accompanying 
drawings  in  which: 

Fig.  1  shows  in  a  side  elevation  view  a  preferred 
embodiment  of  a  fretted  and  stringed  electronic 
musical  instrument  according  to  the  present  in- 

30  vention  and  in  a  block  diagram  the  general 
circuit  arrangement  of  the  control  system  incor- 
porated  in  the  musical  instrument; 
Fig.  2  is  a  plan  view  showing  an  example  of  the 
general  configuration  of  the  data  processor  cir- 

35  cuit  which  forms  part  of  the  control  system  of 
the  musical  instrument  embodying  the  present 
invention; 
Fig.  3  is  a  flowchart  showing  a  main  routine 
program  which  may  be  executed  to  achieve  the 

40  major  function  of  the  first  preferred  embodiment 
of  an  electronic  musical  instrument  according  to 
the  present  invention; 
Fig.  4  is  a  flowchart  showing  the  details  of  a 
threshold  calculating  subroutine  program  which 

45  may  be  executed  to  determine  and  store  thresh- 
old  values  used  in  the  routine  program  illus- 
trated  in  Fig.  3,  particularly  in  a  fret-position 
detecting  subroutine  program  thereof; 
Fig.  5  is  a  flowchart  showing  the  details  of  a  fret- 

so  position  calculating  subroutine  program  which 
may  be  executed  to  produce  and  store  fret 
position  data  used  in  the  routine  program  illus- 
trated  in  Fig.  3,  also  particularly  in  a  fret-position 
detecting  subroutine  program  thereof; 

55  Fig.  6  is  a  view  similar  to  Fig.  1  but  now  shows 
in  a  side  elevation  view  a  second  preferred 
embodiment  of  a  fretted  and  stringed  electronic 
musical  instrument  according  to  the  present  in- 

3 
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vention  and  in  a  block  diagram  the  general 
circuit  arrangement  of  the  control  system  incor- 
porated  in  the  musical  instrument; 
Fig.  7  is  a  flowchart  showing  a  main  routine 
program  which  may  be  executed  to  achieve  the 
major  function  of  the  second  preferred  embodi- 
ment  of  an  electronic  musical  instrument  ac- 
cording  to  the  present  invention;  and 
Fig.  8  is  a  a  flowchart  showing  the  details  of  an 
initial  bent-string  data  forming  subroutine  pro- 
gram  which  may  be  executed  in  the  routine 
program  illustrated  in  Fig.  7. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

The  general  arrangement  of  a  preferred  em- 
bodiment  of  a  musical  instrument  according  to  the 
present  invention  will  now  be  described  in  more 
detail  with  reference  to  Fig.  1.  The  musical  instru- 
ment  herein  shown  is  of  the  guitar  type  but  may  be 
understood  to  be  representative  of  a  fretted  and 
stringed  electric  or  electronic  musical  instrument  of 
any  of  the  types  hereinbefore  enumerated. 

Referring  to  Fig.  1,  the  musical  instrument  of 
the  guitar  type  embodying  the  present  invention 
comprises  a  body  portion  10,  a  neck  portion  12 
extending  forwardly  from  the  body  portion  10,  and 
a  head  portion  14  further  extending  forwardly  from 
the  neck  portion  12.  A  plurality  of  or  typically  six 
strings  16  are  anchored  each  at  one  end  to  a 
tailpiece  18  fixedly  attached  to  the  body  portion  10 
and  have  leading  end  portions  rolled  round  tuning 
pegs  20  fitted  to  the  head  portion  14  to  permit 
adjustment  of  the  tension  in  each  of  the  strings  16. 
On  the  neck  portion  12  of  the  instrument  is  moun- 
ted  a  fingerboard  22  on  which  a  plurality  of  fret 
members  24  are  located  at  predetermined  spac- 
ings  from  one  another. 

The  musical  instrument  further  comprises  a 
tone  detector  assembly  26  composed  of  a  plurality 
of  electromagnetic  pickup  elements  respectively 
corresponding  to  the  strings  16.  Each  of  the  pickup 
elements  of  the  tone  detector  assembly  26  is  re- 
sponsive  to  the  vibrations  of  relatively  low  fre- 
quencies  of  the  associated  one  of  the  strings  16 
and,  when  the  associated  string  16  is  picked  by  the 
player  of  the  instrument,  produces  an  output  signal 
Stone  indicative  of  the  string  16  currently  picked  by 
the  player  and  the  time  for  which  the  particular 
string  16  is  being  picked. 

The  tone  detector  assembly  26  forms  part  of  a 
control  system  of  the  musical  instrument  embody- 
ing  the  present  invention,  which  control  system 
further  comprises  a  fret-position  detector  assembly 
28  including  a  bridge  member  30  fixedly  attached 
to  and  extending  laterally  of  the  body  portion  10  of 
the  instrument.  On  the  bridge  member  30  are 

mounted  a  plurality  of  piezoelectric  transducer  ele- 
ments  32  which  are  arranged  along  the  bridge 
member  30  to  correspond  to  the  individual  strings 
16,  respectively. 

5  The  pickup  elements  of  the  tone  detector  as- 
sembly  26  are  electrically  connected  to  a  tone 
generator  circuit  34  which  generates  musical  tones 
in  response  to  the  signals  Stone  respectively  sup- 
plied  from  the  pickup  elements.  On  the  other  hand, 

io  the  piezoelectric  transducer  elements  32  of  the 
fret-position  detector  assembly  28  are  electrically 
connected  to  a  data  processor  circuit  36  through  a 
wave  separator  circuit  38  or  through  the  wave 
separator  circuit  38  and  an  analog-to-digital  (A/D) 

is  converter  40.  The  data  processor  circuit  36  is  fur- 
ther  connected  to  the  tone  generator  circuit  34, 
which  in  turn  is  connected  through  an  amplifier  42 
to  a  sound  system  44  which  may  be  implemented 
by  a  speaker  unit. 

20  From  the  data  processor  circuit  36  is  supplied 
a  succession  of  driving  pulses  SDrv  to  each  of  the 
piezoelectric  transducer  elements  32  through  the 
wave  separator  circuit  38.  Each  time  a  driving 
pulse  SDrv  is  supplied  to  the  piezoelectric  trans- 

25  ducer  elements  32,  each  of  the  transducer  ele- 
ments  32  is  electrically  activated  to  generate  vibra- 
tions  of  a  predetermined  ultrasonic  (or  ultra-au- 
dible)  frequency  of,  for  example,  450  KHz.  The 
ultrasonic-frequency  vibrations  thus  generated  by 

30  each  piezoelectric  transducer  element  32  are  trans- 
mitted  through  the  string  16  corresponding  to  the 
piezoelectric  transducer  element  32  to  the  fret 
member  24  with  which  the  particular  string  16  is 
pressed  into  contact.  The  vibrations  which  have 

35  reached  the  fret  member  24  are  then  reflected  or 
"echoed"  backwardly  from  the  fret  member  24  to 
the  piezoelectric  transducer  element  32  and  enable 
the  transducer  element  32  to  produce  an  electric 
signal  SFret  when  the  vibrations  reflected  from  the 

40  fret  member  24  are  received  by  the  transducer 
element  32.  The  electric  signal  Sfret  thus  pro- 
duced  by  each  of  the  piezoelectric  transducer  ele- 
ments  is  supplied  in  digitalized  form  to  the  data 
processor  circuit  36  through  the  wave  separator 

45  circuit  38  and  by  way  of  the  analog-to-digital  con- 
verter  40.  As  noted  previously,  each  of  the  piezo- 
electric  transducer  elements  32  receives  not  only 
the  ultrasonic  vibrations  echoed  from  the  fret  mem- 
ber  24  but  also  the  spurious  vibrations  produced  in 

50  the  bridge  member  30  in  direct  response  to  the 
ultrasonic  vibrations  generated  in  the  transducer 
elements  32  and  reflected  from  the  bridge  member 
30  further  directly  to  each  of  the  transducer  ele- 
ments  32. 

55  From  the  electric  signal  Sfret  supplied  from 
each  of  the  piezoelectric  transducer  elements  32, 
the  data  processor  circuit  36  detects  the  time  dura- 
tion  for  which  the  ultrasonic  vibrations  originating  in 

4 
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the  piezoelectric  transducer  element  32  have  trav- 
elled  from  the  transducer  element  32  to  the  fret 
member  24  and  backwardly  from  the  fret  member 
24  to  the  transducer  element  32.  The  time  duration 
is  variable  with  the  distance  of  the  fret  member  24 
from  the  piezoelectric  transducer  element  32  and  is 
accordingly  representative  of  the  location  of  the  fret 
member  24  with  respect  to  the  transducer  element 
24.  The  location  of  the  fret  member  24  pressed 
upon  by  a  string  16  is  in  this  manner  detected  from 
the  electric  signal  Sfret  supplied  from  each  of  the 
piezoelectric  transducer  elements  32  respectively 
associated  with  the  individual  strings  16. 

In  this  manner  the  data  processor  circuit  36 
produces  a  sound  note  signal  Smote  indicative  of 
the  note  of  the  sound  to  be  generated  for  each  of 
the  strings  16  and  supplies  the  signal  Smote  to  the 
tone  generator  circuit  34.  In  response  to  the  signal 
Smote  indicative  of  the  note  of  the  sound  to  be 
generated  and  the  signal  Stone  indicative  of  the 
timing  at  which  the  sound  is  to  be  produced,  the 
tone  generator  circuit  34  determines  the  sound  to 
be  generated  with  the  particular  note  and  at  the 
particular  timing.  The  tone  generator  circuit  34  then 
supplies  an  appropriate  driver  signal  to  the  sound 
system  44  upon  amplification  by  the  amplifier  42 
connected  to  the  sound  system  44. 

Fig.  2  shows  an  example  of  the  general  con- 
figuration  of  the  data  processor  circuit  36  which 
forms  part  of  the  control  system  of  the  musical 
instrument  embodying  the  present  invention. 

As  shown,  the  data  processor  circuit  36  com- 
prises  a  microprocessor  unit  46,  a  read-only  mem- 
ory  (ROM)  unit  48  storing  a  set  of  instructions  for 
the  program  to  be  executed  by  the  microprocessor 
unit  46,  and  a  random-access  memory  (RAM)  unit 
50  for  storing  the  data  produced  in  or  received  by 
the  microprocessor  unit  46.  These  microprocessor 
unit  46,  ROM  unit  48  and  RAM  unit  50  are  con- 
nected  together  through  a  data  bus  52  through 
which  instructions  are  to  be  accessed  in  the  ROM 
unit  and  transmitted  to  the  microprocessor  unit  46 
or  data  are  to  be  transmitted  from  the  microproces- 
sor  unit  to  the  RAM  unit  50.  The  data  bus  52  is 
further  connected  through  an  input/output  (I/O)  buff- 
er  54  to  the  tone  generator  circuit  34,  wave  separa- 
tor  circuit  38  and  A/D  converter  40  so  that  data 
may  be  exchanged  between  each  of  these  circuits 
34,  38  and  40  and  the  microprocessor  unit  46 
through  the  bus  52  and  by  way  of  the  I/O  buffer  54. 
Address  signals  are  to  be  supplied  from  the  micro- 
processor  unit  46  to  each  of  the  ROM  unit  48,  RAM 
unit  50  and  I/O  buffer  54  through  an  address  bus 
56. 

The  RAM  unit  50  has  memory  areas  50a  and 
50b  reserved  for  storing  data  for  use  detecting  the 
locations  of  the  fret  members  24  onto  which  the 
strings  16  being  picked  are  pressed.  Such  data 

include  threshold  values  (VT)  calculated  by  the 
microprocessor  unit  46  in  respect  of  the  individual 
strings  16,  respectively,  of  the  instrument  and 
stored  in  the  memory  area  50a.  In  the  other  mem- 

5  ory  area  50b  are  stored  fret  position  data  indicating 
the  locations  of  the  fret  members  24  in  terms  of  the 
time  intervals  for  which  supersonic  vibrations  are 
transmitted  from  and  reflected  to  the  piezoelectric 
transducer  elements  32. 

io  A  routine  program  which  may  be  executed  by 
the  microprocessor  unit  46  to  achieve  the  major 
function  of  the  electronic  musical  instrument  em- 
bodying  the  present  invention  will  be  hereinafter 
described  with  reference  to  the  flowchart  of  Fig.  3. 

is  The  microprocessor  unit  46  starts  the  execu- 
tion  of  the  main  routine  program  shown  in  Fig.  3 
when  the  system  is  initially  switched  in  and  at  step 
A01  initializes  the  whole  system  in  accordance  with 
the  instructions  stored  in  the  ROM  unit  48.  After 

20  the  whole  system  is  thus  initialized,  the  micropro- 
cessor  unit  46  proceeds  to  a  threshold  calculating 
subroutine  program  A02  to  determine  threshold 
values  (VT)  for  the  individual  strings  16,  respec- 
tively,  and  store  the  threshold  values  into  the  mem- 

25  ory  area  50a  of  the  RAM  unit  50.  The  details  of  this 
threshold  calculating  subroutine  program  A02  will 
be  hereinafter  described  with  reference  to  Fig.  4. 

Upon  termination  of  the  threshold  calculating 
subroutine  program  A02,  the  microprocessor  unit 

30  46  proceeds  to  a  fret-position  calculating  subrou- 
tine  program  A03  to  determine  fret  position  data 
indicating  the  locations  of  the  fret  members  24  in 
terms  of  the  time  intervals  for  which  supersonic 
vibrations  are  transmitted  from  and  reflected  to  the 

35  piezoelectric  transducer  elements  32.  The  fret-posi- 
tion  calculating  subroutine  program  A03  is  followed 
by  a  step  A04  to  indicate  that  the  instrument  is 
ready  to  operate.  Such  an  indication  may  be  given 
by  the  glowing  or  flickering  of  any  light  emitter 

40  element  (not  shown)  such  as  a  light  emitting  diode 
(LED)  provided  on  the  instrument.  The  step  A01 
and  subroutine  programs  A02  and  A03  provide  a 
parameter  adjustment  mode  of  operation  of  the 
instrument.  The  microprocessor  unit  46  then  pro- 

45  ceeds  to  a  loop  of  steps  which  provide  a  playing 
mode  of  operation  of  the  instrument. 

During  the  playing  mode  of  operation  of  the 
instrument,  the  microprocessor  unit  46  executes  a 
fret-position  detecting  subroutine  program  A05  in 

50  accordance  with  any  instructions  fetched  from  the 
ROM  unit  48.  In  this  fret-position  detecting  subrou- 
tine  program  A05,  the  microprocessor  unit  46  sup- 
plies  driving  pulses  SDrv  successively  to  each  of 
the  piezoelectric  transducer  elements  32  of  the 

55  fret-position  detector  assembly  28  through  the 
wave  separator  circuit  38  shown  in  Fig.  1.  Each 
time  a  driving  pulse  SDrv  is  thus  supplied  to  the 
piezoelectric  transducer  elements  32  concurrently, 

5 
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each  of  the  transducer  elements  32  is  electrically 
activated  to  generate  ultrasonic  vibrations.  The  ul- 
trasonic  vibrations  thus  generated  by  each  piezo- 
electric  transducer  element  32  are  transmitted 
through  the  string  16  engaged  by  the  piezoelectric 
transducer  element  32  to  the  fret  member  24  with 
which  the  particular  string  32  is  pressed  into  con- 
tact.  The  vibrations  which  have  reached  the  fret 
member  24  are  then  reflected  or  echoed  back- 
wardly  from  the  fret  member  24  to  the  piezoelectric 
transducer  element  32  and  enable  the  transducer 
element  32  to  produce  an  analog  electric  signal 
Sfret  when  the  vibrations  reflected  from  the  fret 
member  24  are  returned  to  the  transducer  element 
32. 

Simultaneously  when  a  driving  pulse  SDrv  is 
issued  from  the  microprocessor  unit  46,  the  internal 
timer  of  the  microprocessor  unit  46  starts  the 
counting  of  time  and  continues  the  counting  of  time 
until  the  ultrasonic  vibrations  echoed  from  any  of 
the  fret  members  24  are  received  by  the  piezoelec- 
tric  transducer  element  32  in  which  the  ultrasonic 
vibrations  originated.  As  noted  previously,  the  vi- 
brations  which  are  received  by  the  piezoelectric 
transducer  element  32  contain  not  only  the  ultra- 
sonic  vibrations  echoed  from  the  fret  member  24 
but  the  spurious  vibrations  reflected  from  the 
bridge  member  30  forming  part  of  the  fret-position 
detector  assembly  28  per  se.  Such  spurious  vibra- 
tions  are  generated  in  the  bridge  member  30  in 
direct  response  to  the  ultrasonic  vibrations  gen- 
erated  in  the  transducer  elements  32  and  reflected 
from  the  bridge  member  30  further  directly  to  each 
of  the  transducer  elements  32. 

The  analog  electric  signal  Sfret  produced  by 
each  of  the  piezoelectric  transducer  elements  32  is 
passed  through  the  wave  separator  circuit  38  to  the 
A/D  converter  40.  A  series  of  digital  signals  is 
produced  by  the  A/D  converter  50  from  the  analog 
signals  SFret  respectively  output  from  the  piezo- 
electric  transducer  elements  32  associated  with  the 
individual  strings  16  are  supplied  in  succession  to 
the  microprocessor  unit  46  of  the  data  processor 
circuit  36  through  the  I/O  buffer  54.  Until  the  ultra- 
sonic  vibrations  transmitted  from  the  piezoelectric 
transducer  element  32  of  the  fret-position  detector 
assembly  28  are  reflected  from  any  of  the  fret 
members  24  and  are  received  by  the  transducer 
elements  32,  the  piezoelectric  transducer  element 
32  is  therefore  responsive  only  to  the  vibrations 
echoed  from  the  bridge  member  30.  The  analog 
output  signal  SFret  from  the  piezoelectric  trans- 
ducer  element  32  is  variable  voltage  with  the 
waveform  of  the  vibrations  received  by  the  trans- 
ducer  element  32  and,  thus,  the  series  of  digital 
signals  converted  therefrom  is  variable  with  the 
voltage  of  the  signal  SFret- 

In  response  to  each  of  the  digital  signals  suc- 

cessively  input  through  the  I/O  buffer  54,  the  micro- 
processor  unit  46  reads  the  threshold  value  stored 
in  the  memory  area  50a  of  the  RAM  unit  50  in 
respect  of  the  string  16  associated  with  the  particu- 

5  lar  piezoelectric  transducer  element  32  and  com- 
pares  the  data  represented  by  the  received  digital 
signal  with  the  threshold  value  thus  read  from  the 
RAM  unit  50.  In  the  absence  of  any  ultrasonic 
vibrations  reflected  from  the  fret  member  24,  the 

io  digital  signal  which  has  resulted  from  the  ultrasonic 
vibrations  echoed  from  the  bridge  member  30  can 
be  easily  and  accurately  discriminated  from  the 
digital  signal  which  may  otherwise  be  produced  in 
response  to  the  ultrasonic  vibrations  reflected  from 

is  the  fret  member  24.  The  digital  signal  resulting 
from  the  vibrations  reflected  from  the  bridge  mem- 
ber  30  is  thus  rejected  effectively  as  a  result  of  the 
comparison  thus  made  between  the  digital  signal 
and  the  threshold  value  read  from  the  RAM  unit  50. 

20  In  the  meantime,  the  ultrasonic  vibrations  trans- 
mitted  to  and  reflected  from  any  of  the  fret  mem- 
bers  24  will  return  to  the  piezoelectric  transducer 
element  32.  At  the  point  of  time  such  vibrations  are 
received  by  the  piezoelectric  transducer  element 

25  32,  the  internal  timer  of  the  microprocessor  unit  46 
ceases  the  counting  of  time  whereupon  the  micro- 
processor  unit  46  calculates  the  period  of  time 
which  has  lapsed  since  the  vibrations  were  initially 
generated  in  the  piezoelectric  transducer  element 

30  32.  The  data  thus  produced  as  representing  such  a 
time  interval  is  compared  with  a  fret  position  data 
fetched  from  the  memory  area  50b  of  the  RAM  unit 
50  to  specifically  determine  the  fret  member  24 
from  which  the  ultrasonic  vibrations  have  been  re- 

35  fleeted,  viz.,  with  which  the  string  16  associated 
with  the  piezoelectric  transducer  element  32  is 
currently  held  in  contact. 

After  the  fret  member  24  against  which  the 
string  16  associated  with  each  of  the  piezoelectric 

40  transducer  elements  32  is  currently  held  in  contact 
is  determined  as  above  described,  the  micropro- 
cessor  unit  46  proceeds  to  a  sound  note  signal 
output  step  A06  to  output  the  signal  Smote  indic- 
ative  of  the  note  of  the  sound  to  be  generated  for 

45  each  of  the  strings  16.  The  sound  note  signal  Smote 
thus  produced  by  the  microprocessor  unit  46  is 
output  from  the  data  processor  circuit  36  to  the 
tone  generator  circuit  34  through  the  I/O  buffer  54. 
It  is  then  tested  at  step  A07  whether  or  not  there  is 

50  the  signal  Stone  supplied  from  the  tone  detector 
assembly  26  to  the  tone  generator  circuit  34.  If  it  is 
found  at  the  step  A07  that  there  is  such  a  signal 
produced  with  any  of  the  strings  16  picked  by  the 
player,  the  microprocessor  unit  36  of  the  data 

55  processor  circuit  36  supplies  the  sound  note  signal 
Smote  to  the  tone  generator  circuit  34.  In  response 
to  the  signal  Snote  indicative  of  the  note  of  the 
sound  to  be  generated  and  the  signal  Stone  indica- 

6 
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tive  of  the  timing  at  which  the  sound  is  to  be 
produced,  the  tone  generator  circuit  34  determines 
the  sound  to  be  generated  with  the  particular  note 
and  at  the  particular  timing.  The  tone  generator 
circuit  34  then  supplies  at  step  A08  an  appropriate 
driver  signal  to  the  sound  system  44  upon  am- 
plification  by  the  amplifier  42  connected  to  the 
sound  system  44.  Thereafter,  the  loop  of  the  steps 
A04  to  A08  which  dictate  the  playing  mode  of 
operation  of  the  instrument  is  repeated  until  it  is 
found  at  step  A09  that  the  system  is  switched  off. 

The  threshold  values  used  in  the  routine  pro- 
gram,  particularly  in  the  fret-position  detecting  sub- 
routine  program  A04  thereof  are  calculated  by  the 
microprocessor  unit  46  in  respect  of  the  individual 
strings  16,  respectively,  and  are  stored  in  the 
memory  area  50a  of  the  RAM  unit  50.  Such  thresh- 
old  values  VT  are  calculated  in  the  threshold  cal- 
culating  subroutine  program  A02,  the  details  of 
which  are  depicted  in  the  flowchart  of  Fig.  4. 

The  execution  of  the  threshold  calculating  sub- 
routine  program  A02  is  started  upon  termination  of 
the  initializing  of  the  system  as  at  step  A01  of  the 
main  routine  program  described  with  reference  to 
Fig.  3.  In  the  threshold  calculating  subroutine  pro- 
gram  A02,  a  scan  signal  SScan  consisting  of  a 
series  of  bits  is  output  from  the  microprocessor 
unit  46  at  step  B01.  The  scan  signal  SScan  is 
supplied  through  the  I/O  buffer  54  and  wave  sepa- 
rator  circuit  38  to  the  piezoelectric  transducer  ele- 
ment  32  associated  with  a  specified  first  one  of  the 
strings  16  at  step  B02.  Ultrasonic  vibrations  are 
thus  produced  in  the  particular  piezoelectric  trans- 
ducer  element  32  and  are  transmitted  through  the 
associated  string  16  to  any  one  of  the  fret  mem- 
bers  24.  The  vibrations  which  have  reached  one  of 
the  fret  members  24  are  reflected  from  the  fret 
member  24  and  are  returned  to  the  piezoelectric 
transducer  element  32,  which  then  generates  an 
analog  output  signal  SFret  in  response  to  the  ultra- 
sonic  vibrations  thus  received.  The  analog  output 
signal  SFret  from  the  piezoelectric  transducer  ele- 
ment  32  is  passed  through  the  wave  separator 
circuit  38  to  the  A/D  converter  40  and  is  converted 
by  the  A/D  converter  40  into  a  succession  of  digital 
signals.  As  noted  previously,  the  piezoelectric  tran- 
sducer  element  32  receives  the  ultrasonic  vibra- 
tions  reflected  from  the  bridge  member  30  before 
the  vibrations  transmitted  toward  the  fret  member 
24  are  reflected  therefrom. 

The  series  of  digital  signals  output  from  the 
A/D  converter  40  is  variable  with  the  voltage  of  the 
signal  SFret  input  to  the  A/D  converter  40  and  is 
variable  with  the  waveform  of  the  vibrations  re- 
ceived  by  the  transducer  element  32.  Such  digital 
signals  are  successively  supplied  to  the  micropro- 
cessor  unit  46  of  the  data  processor  circuit  36  as  at 
step  B03,  whereupon  it  is  tested  at  step  B04  by  the 

microprocessor  unit  46  whether  or  not  the  signals 
received  is  indicative  of  a  peak  value  (VP)  of  the 
voltage  varying  with  the  waveform  of  the  vibrations 
received  by  the  transducer  element  32.  While  the 

5  voltage  represented  by  the  digital  signals  supplied 
to  the  microprocessor  unit  46  is  continuously  vary- 
ing,  the  answer  for  this  step  B04  is  given  in  the 
negative  and,  thus,  the  microprocessor  unit  46  re- 
peats  the  loop  of  the  steps  B03  and  B04  until  the 

io  answer  for  the  step  B04  turns  affirmative. 
When  it  is  confirmed  at  step  B04  that  the 

signal  SFREt  is  indicative  of  a  peak  value  VP,  then 
the  microprocessor  unit  46  proceeds  to  step  B05  to 
calculate  a  threshold  value  (VT)  which  corresponds 

is  to  the  detected  peak  value.  Such  a  threshold  value 
VT  is  calculated  as  a  function  of  the  detected  peak 
value  VP  typically  in  the  form  of  a  product  of  the 
peak  value  VP  multiplied  by  an  appropriate  con- 
stant  (k)  which  is  given  experimentally.  The  thresh- 

20  old  value  VT  thus  determined  on  the  basis  of  the 
detected  peak  value  Vp  is  stored  at  step  B06  into 
the  memory  area  50a  of  the  RAM  unit  50  of  the 
data  processor  circuit  36  at  the  address  particularly 
assigned  to  the  specified  first  one  of  the  strings  16. 

25  The  step  B06  is  followed  by  a  decision  step 
B07  at  which  is  tested  whether  or  not  there  have 
been  determined  the  threshold  values  for  all  the 
strings  16  which  are  herein  assumed  to  be  pro- 
vided  as  six  in  number.  If  it  is  determined  at  this 

30  step  B07  that  there  remains  a  threshold  value  to  be 
determined  for  any  other  string  16,  the  address  to 
be  accessed  in  the  memory  area  50a  of  the  RAM 
unit  50  during  the  next  write  cycle  is  incremented 
at  step  B08  and  then  the  microprocessor  unit  46 

35  reverts  to  step  B01  to  repeat  the  loop  of  the  steps 
B01  to  B07  for  another  or  specified  second  one  of 
the  strings  16.  When  it  is  confirmed  at  step  B07 
that  threshold  values  have  been  determined  and 
stored  into  the  RAM  unit  50  for  all  the  strings  16, 

40  the  answer  for  the  step  B07  is  given  in  the  affir- 
mative  so  that  the  microprocessor  unit  46  proceeds 
from  the  threshold  calculating  subroutine  program 
A02  to  the  subsequent  fret-position  calculating  sub- 
routine  program  A03. 

45  Fig.  5  shows  the  details  of  a  fret-position  cal- 
culating  subroutine  program  which  may  be  ex- 
ecuted  to  produce  the  fret  position  data  used  in  the 
fret-position  detecting  subroutine  program  A03  of 
the  routine  program  illustrated  in  Fig.  3.  As  noted 

50  previously,  the  fret  position  data  calculated  by  the 
microprocessor  unit  46  are  stored  in  the  memory 
area  50b  of  the  RAM  unit  50. 

The  execution  of  the  fret-position  calculating 
subroutine  program  A03  is  started  subsequently  to 

55  the  threshold  detecting  subroutine  program  A02  of 
the  main  routine  program  described  with  reference 
to  Fig.  3.  Upon  termination  of  the  threshold  detect- 
ing  subroutine  program  A02,  a  scan  signal  SScan 

7 
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consisting  of  a  series  of  bits  is  output  from  the 
microprocessor  unit  46  at  step  C01.  The  scan 
signal  SScan  is  supplied  through  the  I/O  buffer  54 
and  wave  separator  circuit  38  to  the  piezoelectric 
transducer  element  32  associated  with  a  specified 
first  one  of  the  strings  16  at  step  B02.  In  this 
instance,  each  of  the  strings  16  is  disengaged  from 
the  fret  members  24  except  for  a  specified  first  one 
of  the  fret  members  24  such  as  the  fret  member 
remotest  from  the  fretposition  detector  assembly 
28.  Ultrasonic  vibrations  are  thus  produced  in  the 
particular  piezoelectric  transducer  element  32  and 
are  transmitted  to  the  specified  first  one  of  the  fret 
members  24  through  the  associated  string  16.  The 
vibrations  which  have  reached  the  first  one  of  the 
fret  members  24  are  reflected  from  the  fret  mem- 
ber  24  and  are  returned  to  the  piezoelectric  trans- 
ducer  element  32,  which  then  generates  an  analog 
output  signal  SFret  in  response  to  the  ultrasonic 
vibrations  thus  received.  The  analog  output  signal 
Sfret  from  the  piezoelectric  transducer  element  32 
is  passed  through  the  wave  separator  circuit  38  to 
the  A/D  converter  40  and  is  converted  by  the  A/D 
converter  40  into  a  succession  of  digital  signals. 
The  digital  signals  output  from  the  A/D  converter 
40  are  successively  supplied  to  the  microprocessor 
unit  46  of  the  data  processor  circuit  36  as  at  step 
C02.  The  steps  C01  and  C02  of  the  subroutine 
program  A03  are  thus  similar  to  the  steps  B01  and 
B02,  respectively,  of  the  threshold  calculating  sub- 
routine  program  A02  herein-before  described  with 
reference  to  Fig.  4. 

A  driving  pulse  Sdrv  is  then  issued  from  the 
microprocessor  unit  46  the  data  processor  circuit 
36,  whereupon  the  internal  timer  of  the  micropro- 
cessor  unit  46  starts  the  counting  of  time  at  step 
C03  and  continues  the  counting  of  time  until  the 
ultrasonic  vibrations  echoed  from  the  specified  first 
one  of  the  fret  members  24  are  received  by  the 
piezoelectric  transducer  element  32  in  which  the 
ultrasonic  vibrations  originated.  As  noted  previous- 
ly,  the  vibrations  which  are  received  by  the  piezo- 
electric  transducer  element  32  contain  not  only  the 
ultrasonic  vibrations  echoed  from  the  fret  member 
24  but  the  spurious  vibrations  reflected  from  the 
bridge  member  30  forming  part  of  the  fret-position 
detector  assembly  28. 

The  analog  electric  signal  Sfret  produced  by 
each  of  the  piezoelectric  transducer  elements  32  is 
passed  through  the  wave  separator  circuit  38  to  the 
A/D  converter  40.  A  series  of  digital  signals  is 
produced  by  the  A/D  converter  50  from  the  analog 
signals  SFret  respectively  output  from  the  piezo- 
electric  transducer  elements  32  associated  with  the 
individual  strings  16  are  supplied  in  succession  to 
the  microprocessor  unit  46  of  the  data  processor 
circuit  36  through  the  I/O  buffer  54.  Until  the  ultra- 
sonic  vibrations  transmitted  from  the  piezoelectric 

transducer  element  32  of  the  fret-position  detector 
assembly  28  are  reflected  from  the  specified  first 
one  of  the  fret  members  24  and  are  received  by 
the  transducer  elements  32,  the  piezoelectric  trans- 

5  ducer  element  32  is  therefore  responsive  only  to 
the  vibrations  echoed  from  the  bridge  member  30. 

In  response  to  each  of  the  digital  signals  suc- 
cessively  input  through  the  I/O  buffer  54,  the  micro- 
processor  unit  46  tests  at  step  C04  whether  or  not 

io  the  vibrations  received  by  the  piezoelectric  trans- 
ducer  element  32  are  those  which  have  been  re- 
flected  from  the  first  one  of  the  fret  members  24. 
For  this  purpose,  the  microprocessor  unit  46  reads 
the  threshold  value  stored  in  the  memory  area  50a 

is  of  the  RAM  unit  50  in  respect  of  the  specified  firsl 
one  of  the  strings  16  and  compares  the  data  repre- 
sented  by  the  received  digital  signal  with  the 
threshold  value  thus  read  from  the  RAM  unit  50.  In 
the  absence  of  any  ultrasonic  vibrations  reflected 

20  from  the  fret  member  24,  the  answer  for  the  step 
C04  is  given  in  the  negative  so  that  the  micropro- 
cessor  unit  46  repeats  the  step  C04  until  the  an- 
swer  for  the  step  turns  affirmative. 

When  it  is  found  at  step  C04  that  the  ultrasonic 
25  vibrations  transmitted  to  the  first  one  of  the  fret 

members  24  are  returned  to  and  received  by  the 
piezoelectric  transducer  element  32,  the  internal 
timer  of  the  microprocessor  unit  46  ceases  the 
counting  of  time  at  step  C05  whereupon  the  micro- 

30  processor  unit  46  calculates  the  period  of  time 
which  has  lapsed  since  the  vibrations  were  initially 
generated  in  the  piezoelectric  transducer  element 
32.  Then  at  step  C06,  the  data  thus  produced  as 
representing  such  a  time  interval  is  stored  into  the 

35  memory  area  50b  of  the  RAM  unit  50  at  the  ad- 
dress  assigned  to  the  first  one  of  the  fret  members 
and  the  first  one  of  the  strings  16.  The  step  C06  is 
followed  by  a  step  C07  at  which  the  address  to  be 
accessed  in  the  memory  area  50b  of  the  RAM  unit 

40  50  during  the  next  write  cycle  is  incremented  at 
step  C07  and  then  the  microprocessor  unit  46 
proceeds  to  step  C08  at  which  the  data  produced 
as  representing  the  time  interval  in  respect  of  a 
specified  second  one  of  the  fret  members  24  is 

45  calculated  by  the  microprocessor  unit  46.  The  data 
thus  determined  for  the  second  one  of  the  fret 
members  24  is  at  step  C09  stored  into  the  memory 
area  50b  of  the  RAM  unit  50  at  the  address  up- 
dated  at  step  C07  and  assigned  to  the  second  one 

50  of  the  fret  members  24. 
The  step  C09  is  followed  by  a  decision  step 

C10  at  which  is  tested  whether  or  not  there  have 
been  obtained  the  fret-position  data  for  all  the  fret 
members  24  in  regard  to  the  first  one  of  the  strings 

55  16.  If  it  is  determined  at  this  step  C10  that  there 
remains  a  fret-position  data  to  be  obtained  for  any 
other  fret  member  24,  the  loop  of  the  steps  C07  to 
C10  is  repeated  until  the  answer  for  the  step  C10  is 
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given  in  the  affirmative.  The  microprocessor  unit  46 
then  proceeds  to  step  C11  to  confirm  whether  or 
not  there  have  been  obtained  the  fret-position  data 
for  all  the  strings  16.  If  it  is  determined  at  this  step 
C11  that  there  remains  a  fret-position  data  to  be 
obtained  for  any  other  string  16,  the  loop  of  the 
steps  C01  to  C1  1  is  repeated  until  the  answer  for 
the  step  C1  1  is  given  in  the  affirmative.  When  it  is 
determined  at  step  C1  1  that  fret-position  data  have 
been  obtained  for  all  the  string  16s,  the  micropro- 
cessor  unit  46  proceeds  from  the  fret-position  cal- 
culating  subroutine  program  A03  to  the  subsequent 
step  A04  to  indicate  that  the  instrument  is  ready  to 
operate. 

Fig.  6  shows  a  second  preferred  embodiment 
of  the  present  invention  provided  by  an  electronic 
musical  instrument  having  the  previously  described 
combined  features  of  the  two  types  of  prior-art 
instruments. 

Referring  to  Fig.  6,  the  musical  instrument  ac- 
cording  to  the  second  preferred  embodiment  of  the 
present  invention  is  assumed  to  be  basically  similar 
to  the  instrument  described  with  reference  to  Fig.  1 
and  comprises  the  tone  detector  assembly  26  and 
the  fret-position  detector  assembly  28.  The  tone 
detector  assembly  26  is  connected  to  the  tone 
generator  circuit  34  and  the  fret-position  detector 
assembly  28  connected  to  the  data  processor  cir- 
cuit  36  through  the  wave  separator  38  and  A/D 
converter  40. 

The  musical  instrument  shown  in  Fig.  6  further 
comprises  a  unitary  or  single-piece  bridge  member 
58  located  intermediate  between  the  tone  detector 
assembly  26  and  the  fingerboard  22  and  fixedly 
attached  to  the  body  portion  10  of  the  musical 
instrument.  The  bridge  member  58  extends  lat- 
erally  of  the  body  portion  10  of  the  instrument  and 
is  engaged  by  the  individual  strings  16  extending 
from  the  tone  detector  assembly  26  toward  the 
fingerboard  22. 

The  musical  instrument  shown  in  Fig.  6  further 
comprises  a  bent-string  sensor  assembly  60  lo- 
cated  intermediate  between  the  bridge  member  58 
and  the  fingerboard  22  and  fixedly  attached  in  its 
entirety  to  the  body  portion  10  of  the  musical 
instrument.  The  bent-string  sensor  assembly  60 
includes  a  plurality  of  probe  elements  62  respec- 
tively  engaged  by  the  individual  strings  16  of  the 
instrument.  On  the  body  portion  10  of  the  musical 
instrument  are  thus  provided  the  tailpiece  18,  fret- 
position  detector  assembly  28,  tone  detector  as- 
sembly  26,  bridge  member  58  and  bent-string  sen- 
sor  assembly  60  which  are  arranged  in  this  se- 
quence  from  the  end  of  the  body  portion  10  toward 
the  fingerboard  22  as  shown. 

As  in  the  electrical  arrangement  of  the  musical 
instrument  described  with  reference  to  Fig.  1,  the 
tone  detector  assembly  26  is  composed  of  pickup 

elements  respectively  associated  with  the  strings 
16  and  adapted  to  produce  signals  Stone  when  the 
respectively  associated  strings  16  are  picked  in- 
dividually.  The  signals  Stone  thus  generated  by  the 

5  tone  detector  assembly  26  are  supplied  to  the  tone 
generator  circuit  34  to  enable  the  tone  generator 
circuit  34  to  generate  musical  tone  signals  in  re- 
sponse  to  the  signals  STOne-  To  each  of  the  piezo- 
electric  transducer  elements  32  of  the  detector 

io  assembly  28  is  supplied  a  succession  of  driving 
pulses  SDrv  from  the  data  processor  circuit  36 
through  the  wave  separator  circuit  38.  In  response 
to  each  of  these  driving  pulses  Sdrv.  each  of  the 
piezoelectric  transducer  elements  32  of  the  detec- 

15  tor  assembly  28  generates  vibrations  of  a  predeter- 
mined  ultrasonic  frequency  within  a  range  of  from 
400  KHz  to  450  KHz  as  previously  noted.  The 
ultrasonic  frequency  vibrations  generated  by  each 
piezoelectric  transducer  element  32  are  transmitted 

20  through  the  string  16  engaged  by  the  transducer 
element  32  and  via  the  bridge  member  58  and 
bent-string  sensor  assembly  60  to  the  fret  member 
24  against  which  the  particular  string  32  is  cur- 
rently  pressed.  The  vibrations  which  have  reached 

25  the  fret  member  24  are  then  reflected  backwardly 
from  the  fret  member  24  to  the  piezoelectric  trans- 
ducer  element  32  via  the  bent-string  sensor  assem- 
bly  60  and  bridge  member  58  and  enable  the 
piezoelectric  transducer  element  32  to  produce  an 

30  electric  signal  Sfret  when  the  vibrations  transmit- 
ted  backwardly  through  the  string  16  reach  the 
piezoelectric  transducer  element  32.  In  the  elec- 
trical  arrangement  of  the  musical  instrument  ac- 
cording  to  the  second  preferred  embodiment  of  the 

35  present  invention,  the  bent-string  sensor  assembly 
60  is  connected  through  an  A/D  converter  64  and  a 
multiplexer  66  to  the  data  processor  circuit  36.  The 
functions  of  these  A/D  converter  64  and  multiplexer 
66  will  be  described  later. 

40  The  unitary  bridge  member  58  located  inter- 
mediate  between  the  tone  detector  assembly  26 
and  bent-string  sensor  assembly  60  as  above  de- 
scribed  is  adapted  to  pass  ultrasonic-frequency 
vibrations  of  the  strings  16  from  the  piezoelectric 

45  transducer  elements  32  of  the  fret-position  detector 
assembly  28  to  the  bent-string  sensor  assembly  60 
without  damping  and  reflecting  the  vibrations.  In 
response  to  the  low-frequency  vibrations  produced 
in  the  strings  16  when  the  strings  16  are  picked  by 

50  the  instrument  player's  fingers  or  fingernails,  the 
bridge  member  58  dampens  out  such  low-frequen- 
cy  vibrations  and  isolates  the  vibrations  from  the 
bent-string  sensor  assembly  60.  The  bridge  mem- 
ber  58  is  further  effective  to  take  up  lateral  dis- 

ss  placement  of  the  strings  16  to  prevent  such  dis- 
placement  from  being  transmitted  to  the  bent-string 
sensor  assembly  60.  The  bridge  member  58  to 
achieve  these  functions  is  formed  typically  of 
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acrylonitrile-butadiene-styrene  (ABS)  copolymer. 
Each  of  the  probe  elements  62  of  the  bent- 

string  sensor  assembly  60  is  rockably  supported 
on  a  pivot  shaft  fixed  with  respect  to  the  body 
portion  10  of  the  instrument  and  has  a  lower  por- 
tion  movably  located  between  a  light  emitter  ele- 
ment  and  a  phoelectric  transducer  constituting  a 
photocoupling  unit,  though  not  shown  in  the  draw- 
ings.  The  light  emitter  element  may  be  imple- 
mented  by  a  light  emitting  diode  and  the  pho- 
toelectric  transducer  element  implemented  by  a 
photodiode.  Each  probe  element  62  is  engaged  at 
its  upper  end  with  one  of  the  strings  16  and  is  thus 
forced  to  turn  on  the  pivot  shaft  when  the  asso- 
ciated  string  16  is  caused  to  sidewise  slide  on  the 
fret  member  24  with  which  the  string  16  is  held  in 
contact.  With  the  probe  element  62  thus  turned 
about  the  axis  of  the  pivot  shaft,  the  sectional  area 
of  the  path  of  light  from  the  light  emitter  element 
toward  the  photoelectric  transducer  element  of  the 
photocoupling  unit  varies  with  the  angle  of  turn  of 
the  probe  element.  This  results  in  a  change  in  the 
quantity  of  light  incident  on  the  photoelectric  trans- 
ducer  element  and,  accordingly,  the  photocoupling 
unit  produces  an  analog  electric  signal  SBent  which 
is  variable  with  the  angle  of  turn  of  the  probe 
element  and  thus  the  amount  of  lateral  displace- 
ment  of  the  string  16  on  the  fret  member  24.  The 
analog  signal  SBent  supplied  from  the  photocoupl- 
ing  unit  is  supplied  to  the  multiplexer  66  after  being 
digitalized  by  the  A/D  converter.  For  further  details 
of  the  bent-string  sensor  assembly  60,  reference 
may  be  made  to  Japanese  Patent  Application  No. 
62-083289. 

A  routine  program  which  may  be  executed  by 
the  microprocessor  unit  46  to  achieve  the  major 
function  of  the  electronic  musical  instrument  ac- 
cording  to  the  second  preferred  embodiment  of  the 
present  invention  as  above  described  is  shown  in 
the  flowchart  of  Fig.  7.  The  routine  program  herein 
shown  includes  all  the  steps  of  the  program  de- 
scribed  with  reference  to  Fig.  3  and  additionally 
has  an  initial  bent-string  data  forming  subroutine 
program  A10  which  intervenes  between  the  subrou- 
tine  program  A03  and  step  A04  and  steps  A1  1  and 
A12  which  intervene  between  the  steps  A06  and 
A07  of  the  routine  program  illustrated  in  Fig.  3.  The 
initial  bent-string  data  forming  subroutine  program 
A10  is  executed  to  provide  data  relating  to  the 
amount  of  displacement  of  a  bent  string  as  will  be 
described  in  more  detail  with  reference  to  Fig.  8. 

After  the  sound  note  signal  Snote  produced  by 
the  microprocessor  unit  46  is  output  from  the  data 
processor  circuit  36  to  the  tone  generator  circuit  34 
through  the  I/O  buffer  54  at  step  A06,  the  micropro- 
cessor  unit  46  supplies  to  the  multiplexer  66  an 
address  signal  assigned  to  each  of  the  photocoupl- 
ing  units  of  the  bent-string  sensor  assembly  62  to 

read  data  output  from  the  multiplexer  66.  It  is  then 
tested  at  the  additional  step  A1  1  whether  or  not  the 
signal  SBent  is  contained  in  the  data  output  from 
the  multiplexer  66  and  originating  in  any  of  the 

5  photocoupling  units  of  the  bent-string  sensor  as- 
sembly  60.  If  it  is  found  at  this  step  A1  1  that  there 
is  present  the  signal  Sbent  in  regard  to  any  of  the 
strings  16,  the  microprocessor  unit  46  calculates 
the  amount  of  lateral  displacement  of  the  string  16 

w  from  the  signal  Sbent  3nd  transmits  data  repre- 
sentative  of  the  amount  of  displacement  to  the  tone 
generator  circuit  34  through  the  I/O  buffer  54  at 
step  A12.  It  is  thereafter  tested  at  step  A07  whether 
or  not  there  is  the  signal  Stone  supplied  from  the 

is  tone  detector  assembly  26  to  the  tone  generator 
circuit  34  as  previously  described  with  reference  to 
Fig.  3. 

Turning  to  Fig.  8,  the  initial  bent-string  data 
forming  subroutine  program  A10  is  executed  sub- 

20  sequently  to  the  fret-position  calculating  subroutine 
program  A03  to  provide  data  relating  to  the  amount 
of  displacement  of  a  bent  string.  Such  a  subroutine 
program  A10  starts  with  a  step  D01  at  which  a 
string  select  signal  SSlct  is  supplied  from  the 

25  microprocessor  unit  46  of  the  data  processor  circuit 
36  to  the  multiplexer  66  through  the  I/O  buffer  54a 
to  select  a  specified  first  one  of  the  strings  16.  A 
signal  Sbent  is  then  output  from  the  photocoupling 
unit  associated  with  the  selected  string  16  with  the 

30  string  maintained  in  a  non-bent  state  of  the  string 
16  and  is,  after  being  digitalized  by  the  A/D  con- 
verter  64,  passed  to  the  multiplexer  66.  The  step 
D01  is  followed  by  a  step  D02  at  which  the  micro- 
processor  unit  46  reads  the  data  thus  supplied  to 

35  the  multiplexer  66  and  is  stored  at  subsequent  step 
D03  into  a  predetermined  memory  area  (not 
shown)  of  the  RAM  unit  50  at  the  address  particu- 
larly  assigned  to  the  specified  first  one  of  the 
strings  16. 

40  The  step  D03  is  followed  by  a  decision  step 
D04  at  which  is  tested  whether  or  not  the  data 
relating  to  the  non-bent  states  of  all  the  strings  16 
have  been  stored  into  the  RAM  unit  50.  If  it  is 
determined  at  this  step  B07  that  there  remains  data 

45  to  be  obtained  for  any  other  string  16,  the  address 
to  be  accessed  in  the  RAM  unit  50  during  the  next 
write  cycle  is  incremented  at  step  D05  and  then 
the  string  select  signal  SSlct  from  the  microproces- 
sor  unit  46  is  updated  to  select  another  string  16. 

50  The  microprocessor  unit  46  then  reverts  to  step 
D01  to  repeat  the  loop  of  the  steps  D01  to  D06  for 
another  string  16.  When  it  is  confirmed  at  step  D04 
that  the  data  for  all  the  strings  16  have  been  stored 
into  the  RAM  50,  the  answer  for  the  step  D04  is 

55  given  in  the  affirmative  so  that  the  microprocessor 
unit  46  proceeds  from  the  initial  bent-string  data 
forming  subroutine  program  A04  to  the  subsequent 
step  A04  of  the  main  routine  program  illustrated  in 
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Fig.  7. 

Claims 

1.  An  electronic  musical  instrument  comprising  5 
a)  a  plurality  of  fret  members  (24)  located  at 
predetermined  spacings; 
b)  at  least  one  string  (16)  stretched  over 
said  fret  members  so  that  a  player's  de- 
pression  of  the  string  causes  contact  be-  10 
tween  said  string  and  one  or  ones  of  said 
fret  members, 
c)  vibration  generating  and  receiving  means 
(28)  for  producing  ultrasonic  vibrations  in 
said  string  and  receiving  the  ultrasonic  vi-  is 
brations  reflected  from  any  of  said  fret 
members  through  said  string,  the  ultrasonic 
vibrations  transmitted  from  said  vibration 
generating  and  receiving  means  being  re- 
flected  from  a  fret  member  contacted  by  20 
said  string;  and 
d)  fret-position  detecting  means  (A05)  re- 
sponsive  to  the  ultrasonic  vibrations  trans- 
mitted  from  and  reflected  to  said  vibration 
generating  and  receiving  means  for  detect-  25 
ing  the  fret  member  contacted  by  said 
string,  said  fret-position  detecting  means 
is  characterized  in  that 
said  instrument  has  a  parameter  adjustment 
mode  and  a  playing  mode,  and  in  that  30 
said  fret  member  (24)  contacted  by  said 
string  (16)  is  detected  on  the  basis  of  a 
threshold  value  (VT)  and/or  reference  time 
interval  in  the  signals  of  said  vibration  gen- 
erating  and  receiving  means  determined  in  35 
respect  of  said  string  (16)  during  said  pa- 
rameter  adjusting  mode  operation  (A01- 
A03). 

2.  An  electronic  musical  instrument  as  set  forth  in  40 
claim  1  ,  comprising 

-  means  for  detecting  the  waveform, 
-  means  for  detecting  a  peak  value  (Vp)  of 

the  waveform  of  the  ultrasonic  vibrations 
reflected  to  said  vibration  generating  and  45 
receiving  means  (28), 

-  memory  means  (50a/B06)  for  storing  said 
threshold  value  (Vr),  and 

-  means  for  comparing  said  peak  value 
(Vp)  detected  from  said  waveform  with  so 
said  threshold  value  during  said  playing 
mode  of  operation  (A05  -  A08)  for  deter- 
mining  whether  or  not  the  waveform  is  of 
the  ultrasonic  vibrations  reflected  from 
any  of  said  fret  members  (24).  55 

3.  An  electronic  musical  instrument  as  set  forth  in 
claim  1  ,  comprising 

-  memory  means  (50b/C06)  for  storing 
data  representative  of  said  reference 
time  interval, 

-  first  detecting  means  for  detecting  the 
time  interval  for  which  the  ultrasonic  vi- 
brations  are  transmitted  from  and  reflect- 
ed  to  said  vibration  generating  and  re- 
ceiving  means  (28)  during  said  playing 
mode  of  operation  (A05  -  A08), 

-  means  for  comparing  said  time  interval 
detected  by  said  first  detecting  means 
with  said  reference  time  interval  during 
said  playing  mode  of  operation  (A05  - 
A08)  for  thereby  determining  the  fret 
member  (24)  from  which  the  ultrasonic 
vibrations  are  reflected  to  said  vibration 
generating  and  receiving  means  (28), 

-  second  detecting  means  (C01  -  C05)  for 
detecting  the  time  interval  for  which  the 
ultrasonic  vibrations  are  transmitted  from 
and  reflected  to  said  vibration  generating 
and  receiving  means  (28)  in  respect  of  a 
selected  one  of  said  fret  members  (24) 
during  said  parameter  adjusting  mode  of 
operation  (A01  -  A03),  and 

-  means  (C06  -  C11)  for  producing  time 
interval  data  on  the  basis  of  the  time 
interval  detected  by  said  second  detect- 
ing  means  and  storing  said  time  interval 
data  into  said  memory  means  (50b/C06). 

4.  An  electronic  musical  instrument  as  set  forth  in 
anyone  of  the  claims  1  to  3,  comprising 

a)  string  displacement  detecting  means  (60) 
for  detecting  an  amount  of  lateral  displace- 
ment  of  said  string  (16)  and  any  of  said  fret 
members  (24)  and  producing  data  repre- 
sentative  of  the  detected  amount  of  lateral 
displacement  of  said  string; 
b)  memory  means  (50/D03)  for  storing  said 
data  representative  of  the  amount  of  lateral 
displacement  detected  with  said  string 
maintained  in  an  non-bent  state;  and 
c)  means  for  comparing  the  amount  of  lat- 
eral  displacement  of  said  string  from  the 
data  produced  by  said  string  displacement 
detecting  means  during  said  playing  opera- 
tion  with  the  data  stored  in  said  memory 
means  for  thereby  producing  bent-string 
data  representative  of  a  corrected  amount  of 
lateral  displacement  of  said  string. 

Patentanspruche 

1.  Elektronisches  Musikinstrument  mit 
a)  mehreren  Beruhrungsstegen  (24)  in  vor- 
bestimmten  Abstanden, 
b)  wenigstens  einer  uber  die  Beruhrungs- 

11 
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stege  gespannten  Saite  (16),  so  da/S  der 
Druck  eines  Spielers  auf  die  Saite  einen 
Kontakt  zwischen  der  Saite  und  einem  oder 
mehreren  Beruhrungsstegen  bewirkt, 
c)  ein  Schwingungserzeuger/empfanger  (28)  5 
zur  Erzeugung  von  Ultraschallschwingungen 
in  der  Saite  und  zur  Aufnahme  der  Ultra- 
schallschwingungen,  die  von  irgendeinem 
Beruhrungssteg  durch  die  Saite  reflektiert 
werden,  wobei  die  Ultraschallschwingungen,  10 
die  von  dem 
Schwingungserzeuger/empfanger  ausgesen- 
det  werden,  von  einem  Beruhrungssteg  re- 
flektiert  werden,  der  in  Kontakt  mit  der  Saite 
ist,  und  75 
d)  ein  Beruhrungspositionsanzeiger  (A05), 
der  auf  Ultraschallschwingungen  anspricht, 
die  von  dem 
Schwingungserzeuger/empfanger  ausgesen- 
det  und  zu  ihm  reflektiert  werden,  urn  den  20 
Beruhrungssteg  anzuzeigen,  der  in  Kontakt 
mit  der  Saite  ist, 
dadurch  gekennzeichnet,  da/S  zur  Weiter- 
bildung  des  Beruhrungspositionsanzeigers 
das  Instrument  einen  Parametereinstellmo-  25 
dus  und  einen  Spielmodus  aufweist  und  da/S 
der  Beruhrungssteg  (24),  der  im  Kontakt  mit 
der  Saite  (16)  ist,  aufgrund  eines  Schwell- 
wertes  (VT)  und/oder  eines  Referenzzeitin- 
tervalls  in  den  Signalen  des  30 
Schwingungserzeuger/empfangers  erfa/St 
wird,  bestimmt  durch  die  Saite  (16)  wahrend 
der  Operation  des  Parametereinstellmodus- 
operation  (A01-A03). 

35 
2.  Elektronisches  Musikinstrument  nach  Anspruch 

1  mit 
-  Mitteln  zum  Erfassen  der  Wellenform, 
-  Mitteln  zum  Erfassen  eines  Spitzenwer- 

tes  (Vp)  der  Wellenform  der  Ultraschall-  40 
schwingungen,  die  zu  dem 
Schwingungserzeuger/empfanger  (28)  re- 
flektiert  werden, 

-  Speichermitteln  (50a/B06)  zur  Speiche- 
rung  des  Schwellwertes  (VT),  und  45 

-  Mitteln  zum  Vergleich  des  erhaltenen 
Spitzenwertes  (Vp)  der  Wellenform  mit 
dem  Schwellwert  wahrend  der  Spielmo- 
dusoperation  (A05-A08),  urn  festzustel- 
len,  ob  oder  ob  nicht  die  Wellenform  von  50 
den  Ultraschallschwingungen  stammt,  die 
von  irgendeinem  der  Beruhrungsstege 
(24)  reflektiert  werden. 

3.  Elektronisches  Musikinstrument  nach  Anspruch  55 
1  mit 

-  Speichermitteln  (50b/C06)  zum  Spei- 
chern  von  Daten,  die  von  dem  Referenz- 

zeitintervall  reprasentativ  sind, 
-  ersten  Mitteln  zum  Erfassen  des  Zeitin- 

tervalls,  in  dem  die  Ultraschallschwingun- 
gen  wahrend  der  Spielmodusoperation 
(A05-A08)  von  dem 
Schwingungserzeuger-/empfanger  uber- 
tragen  und  zu  dem 
Schwingungserzeuger-/empfanger  (28) 
reflektiert  werden, 

-  Mitteln  zum  Vergleich  des  Zeitintervalls, 
das  durch  die  ersten  Zeiterfassungsmittel 
erfa/St  wird,  mit  dem  Referenzzeitintervall 
wahrend  der  Spielmodusoperation  (AOS- 
AOS),  urn  dabei  den  Beruhrungssteg  (24) 
zu  ermitteln,  von  dem  die  Ultraschallwel- 
len  zu  dem 
Schwingungserzeuger/empfanger  (28)  re- 
flektiert  werden, 

-  zweiten  Mitteln  (C01-C05)  zum  Erfassen 
des  Zeitintervalls,  bei  dem  die  Ultra- 
schallschwingungen  von  dem 
Schwingererzeuger/empfanger  (28)  uber- 
tragen  und  zu  dem 
Schwingungserzeuger/empfanger  reflek- 
tiert  werden  bezuglich  eines  ausgewahl- 
ten  Beruhrungssteges  (24)  wahrend  der 
Parametereinstellmodusoperation  (A01  - 
A03),  und 

-  Mittel  (C06  -  C011)  zur  Herstellung  von 
Zeitintervalldaten  aufgrund  des  Zeitinter- 
valls,  das  durch  das  zweite  Zeiterfas- 
sungsmittel  erfa/St  wird,  und  zur  Speiche- 
rung  der  Zeitintervalldaten  in  den  Spei- 
chermitteln  (50b/C06). 

4.  Elektronisches  Musikinstrument  nach  einem 
der  Anspruche  1  bis  3  mit 

a)  Mitteln  (60)  zum  Erfassen  der  Saitenaus- 
lenkung  urn  einen  Betrag  der  seitlichen 
Auslenkung  der  Saite  und  irgendeines  Be- 
ruhrungssteges  (24)  zu  erfassen,  und  zur 
Herstellung  entsprechender  Daten,  die  fur 
den  erfa/Sten  Betrag  der  seitlichen  Auslen- 
kung  der  Saite  reprasentativ  sind, 
b)  Speichermittel  (50/D03)  zur  Speicherung 
der  Daten,  die  von  dem  Betrag  der  seitli- 
chen  Auslenkung  reprasentativ  sind  und  mit 
der  Saite  erfa/St  werden,  die  in  einem  nicht- 
verbogenen  Zustand  gehalten  ist,  und 
c)  Mittel  zum  Vergleich  des  Betrages  der 
seitlichen  Auslenkung  der  Saite  von  den 
Daten,  die  von  den  Mitteln  zur  Erfassung 
der  Saitenauslenkung  wahrend  des  Spielens 
erstellt  wurden,  mit  den  Daten,  die  in  den 
Speichermitteln  gespeichert  sind,  urn  Sai- 
tenverbiegungsdaten  zu  erstellen,  die  repra- 
sentativ  sind  fur  einen  berichtigten  Betrag 
der  seitlichen  Auslenkung  der  Saite. 

12 
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Revendicatlons 

1.  Instrument  musical  electronique  comprenant: 
(a)  une  pluralite  de  touchettes  (24)  placees 
a  intervalles  predetermines  ; 
(b)  au  moins  une  corde  (16)  tendue  sur 
lesdites  touchettes  de  sorte  qu'une  pression 
sur  la  corde  par  un  joueur  provoque  un 
contact  entre  ladite  corde  et  une  ou  plu- 
sieurs  desdites  touchettes  ; 
(c)  des  moyens  de  generation  et  de  recep- 
tion  de  vibrations  (28)  pour  produire  des 
vibrations  ultrasoniques  dans  ladite  corde  et 
recevoir  les  vibrations  ultrasoniques  ren- 
voyees  par  I'une  quelconque  desdites  tou- 
chettes  par  I'intermediaire  de  ladite  corde, 
les  vibrations  ultrasoniques  transmises  a 
partir  desdits  moyens  de  generation  et  de 
reception  de  vibrations  etant  renvoyees  par 
une  touchette  avec  laquelle  ladite  corde  est 
en  contact  ;  et 
(d)  des  moyens  de  detection  de  position  de 
touchette  (A05)  qui  repondent  aux  vibrations 
ultrasoniques  transmises  par  lesdits  moyens 
de  generation  et  de  reception  de  vibrations 
et  renvoyees  a  ces  derniers,  de  maniere  a 
detecter  la  touchette  avec  laquelle  ladite 
corde  est  en  contact, 
lesdits  moyens  de  detection  de  position  de 
touchette  etant  caracterises  en  ce  que  : 

ledit  instrument  comporte  un  mode  de 
reglage  de  parametre  et  un  mode  de  jeu  ; 
et  en  ce  que 

ladite  touchette  (24)  avec  laquelle  ladite 
corde  (16)  vient  en  contact  est  detectee  sur 
la  base  d'une  valeur  de  seuil  (VT)  et/ou  d'un 
intervalle  de  temps  de  reference.dans  les 
signaux  desdits  moyens  de  generation  et  de 
reception  de  vibrations,  determine  en  ce  qui 
concerne  ladite  corde  (16)  pendant  le  fonc- 
tionnement  dans  ledit  mode  de  reglage  de 
parametre  (A01-A03). 

2.  Instrument  de  musique  electronique  suivant  la 
revendication  1  ,  comprenant  : 

des  moyens  de  detection  de  la  forme 
d'onde  ; 

des  moyens  de  detection  d'une  valeur  de 
pointe  (Vp)  de  la  forme  d'onde  des  vibrations 
ultrasoniques  renvoyees  auxdits  moyens  de 
generation  et  de  reception  de  vibrations  (28)  ; 

des  moyens  de  memoire  (50a/B06)  pour 
stacker  ladite  valeur  de  seuil  (VT)  ;  et 

des  moyens  de  comparaison  de  ladite  va- 
leur  de  pointe  (Vp),  detectee  a  partir  de  ladite 
forme  d'onde,  avec  ladite  valeur  de  seuil  pen- 
dant  ledit  mode  de  jeu  (A05  -  A08)  pour  deter- 
miner  si  la  forme  d'onde  correspond  ou  non 

aux  vibrations  ultrasoniques  renvoyees  par 
I'une  quelconque  desdites  touchettes  (24). 

3.  Instrument  de  musique  electronique  suivant  la 
5  revendication  1  ,  comprenant  : 

des  moyens  de  memoire  (50b/C06)  pour 
stacker  des  donnees  representatives  dudit  in- 
tervalle  de  temps  de  reference  ; 

des  premiers  moyens  de  detection  pour 
io  detecter  I'intervalle  de  temps  pendant  lequel 

les  vibrations  ultrasoniques  sont  transmises 
par  lesdits  moyens  de  generation  et  de  recep- 
tion  de  vibrations  (28)  et  renvoyees  a  ces 
derniers,  en  mode  de  jeu  (A05  -  A08)  ; 

is  des  moyens  de  comparaison  dudit  inter- 
valle  de  temps,  detecte  par  lesdits  premiers 
moyens  de  detection,  avec  ledit  intervalle  de 
temps  de  reference,  pendant  le  dit  mode  de 
jeu  (A05  -  A08)  afin  de  determiner  la  touchette 

20  (24)  par  laquelle  les  vibrations  ultrasoniques 
sont  renvoyees  auxdits  moyens  de  generation 
et  de  reception  de  vibrations  (28)  ; 

des  deuxiemes  moyens  de  detection  (C01 
-  C05)  pour  detecter  I'intervalle  de  temps  pen- 

25  dant  lequel  les  vibrations  ultrasoniques  sont 
transmises  par  lesdits  moyens  de  generation 
et  de  reception  de  vibrations  (28)  et  renvoyees 
a  ces  derniers,  en  ce  qui  concerne  une  tou- 
chette  choisie  parmi  lesdites  touchettes  (24), 

30  pendant  ledit  mode  de  reglage  de  parametre 
(A01  -  A03)  ;  et 

des  moyens  (C06  -  C11)  pour  produire 
des  donnees  d'intervalle  de  temps,  sur  la  base 
de  I'intervalle  de  temps  detecte  par  lesdits 

35  deuxiemes  moyens  de  detection,  et  pour  stac- 
ker  lesdites  donnees  d'intervalle  de  temps 
dans  lesdits  moyens  de  memoire  (50b/C06). 

4.  Instrument  de  musique  electronique  suivant 
40  I'une  quelconque  des  revendications  1  a  3, 

comprenant: 
(a)  des  moyens  de  detection  de  deplace- 
ment  de  corde  (60)  pour  detecter  une  valeur 
de  deplacement  lateral  de  ladite  corde  (16) 

45  et  d'une  quelconque  desdites  touchettes 
(24)  et  pour  produire  des  donnees  repre- 
sentatives  de  la  valeur  detectee  de  deplace- 
ment  lateral  de  ladite  corde  ; 
(b)  des  moyens  de  memoire  (50/D03)  pour 

50  stacker  lesdites  donnees  representatives  de 
la  valeur  de  deplacement  lateral  detectee 
avec  ladite  corde  maintenue  dans  un  etat 
non  flechi  ;  et 
(c)  des  moyens  de  comparaison  de  la  va- 

55  leur  de  deplacement  lateral  de  ladite  corde, 
fournie  par  les  donnees  produites  par  les- 
dits  moyens  de  detection  de  deplacement 
de  corde  pendant  ledit  mode  de  jeu,  avec 
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les  donnees  stockees  dans  lesdits  moyens 
de  memoire,  afin  de  produire  des  donnees 
de  corde  flechie  representatives  d'une  va- 
leur  corrigee  de  deplacement  lateral  de  ladi- 
te  corde.  5 
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