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Description 

Summary  of  the  Invention 
This  invention  relates  to  a  system  for  remotely 

controlling  operation  of  two  or  more  remotely  5 
disposed  pianos  in  accordance  with  operation  of 
at  least  one  control  keyboard. 

US  Patent  3  871  247  describes  a  system  in 
which  signals  generated  at  the  keyboard  of  a 
musical  instrument,  specifically  a  guitar  or  w 
accordion,  are  encoded,  transmitted,  and  applied 
to  control  the  playing  of  a  remote  instrument. 

US  Patent  2  784  633  describes  an  organ  having 
a  plurality  of  keyboards,  the  keys  of  which  oper- 
ate  switching  controls,  which,  by  means  of  15 
solenoids,  control  the  operation  of  a  plurality  of 
other  instruments. 

The  present  invention,  which  is  defined  in  the 
claims  appended  hereto,  provides  a  system  for 
controlling  remotely  disposed  instruments,  and  20 
which  generates  a  string-percussing  signal  which 
takes  account  of  the  force  and  speed  of  operation 
of  the  control  keys. 

In  particular  the  invention  relates  to  a  remote 
control  and  transmission  system  for  piano  rendi-  25 
tion  of  which  the  major  feature  is  that,  in  order  to 
meet  player's  requirement,  the  keyboard  or  the 
shape  of  the  discrete  keyboard  and  the  shape  of 
each  key  have  been  re-designed;  further,  a 
string-percussion  signal  generator  for  sensing  30 
the  key  operation  is  installed  underneath  each 
key.  Said  signal  generator  will  be  driven  upon 
the  key  being  played;  simultaneously,  a  signal 
sensed  (an  analog  signal  or  a  series  of  digital 
signal)  corresponding  to  the  player's  fingering  35 
skill  and  fingering  force  will  be  generated  and 
used  as  a  string-percussion  servo-signal.  Sub- 
sequently,  said  string-percussion  signal  will  pass 
through  a  signal  transmission  and  processing 
circuit  so  as  to  have  said  signal  modulated,  with  40 
RF,  into  FM,  AM,  or  PCM  for  further  trans- 
mission,  or  to  have  said  signal  transmitted 
directly  by  means  of  a  guided  light  means,  a 
wire,  or  fluid  pipe  system  in  an  analog  or  digital 
method,  or  scanning  method.  The  said  signal  45 
may  also  be  transmitted  to  one  or  more  than  one 
terminal  piano  at  a  remote  place,  where  said 
signal  will  be  received  by  a  string-percussion  and 
driving  circuit  in  the  terminal  piano  so  as  to 
generate  a  corresponding  instruction  to  drive  the  so 
string-percussion  hammer  and  the  key  of  a  ter- 
minal  piano  for  obtaining  a  corresponding  oper- 
ation;  the  terminal  pianos  may  be  connected  in 
parallel  to  obtain  larger  volume  or  to  generate  a 
stereo  rendition  result.  55 

Another  feature  of  the  present  invention  is 
that,  in  addition  to  simultaneously  and 
separately  playing  two  or  more  than  two  pianos 
(or  discrete  keyboards)  to  obtain  a  varying  com- 
bined  forte,  point  for  generating  the  aforesaid  60 
stereo  rendition  result,  a  single  piano  or  a  dis- 
crete  keyboard  may  be  furnished  with  a  "forte 
point  control  means"  beside  the  keyboard  so  as 
to  manually  control  the  string  percussion 
strength  of  every  terminal  piano  and  to  have  the  65 

displacement  of  the  combined  forte  point  varied 
in  order  to  obtain  the  stereo  result. 

A  further  feature  of  the  present  invention  is 
that  the  sensed  key  operation  signal  which  is 
generated  by  the  primary  rendition  piano  or  the 
discrete  keyboard,  or  the  string-percussion 
hammer  driving  signal  generated  by  the  terminal 
piano  may  first  be  stored  in  a  computer  register- 
ing  device  for  layer  transmitting  to  other  similar 
terminal  piano  for  regeneration  rendition,  i.e. 
said  terminal  piano  becoming  a  data-controlled- 
and-driving  piano. 

Another  further  feature  of  the  present  inven- 
tion  is  that  said  terminal  piano  may  be  furnished 
with  a  servo-control  function  so  as  to  increase 
the  fidelity  of  the  piano  tone,  and  to  have  the 
terminal  piano  become  a  terminal  servo-piano. 

A  still  further  feature  of  the  present  invention 
is  that,  beside  the  primary  rendition  piano,  a 
monitor  means  may  be  installed  to  indicate  the 
key  speed  and  the  force  applied  to  the  key  so  as 
to  provide  a  reference  to  the  piano  beginner  or  a 
regular  player. 

A  still  another  feature  of  the  present  invention 
is  that  both  the  primary  rendition  piano  and  the 
terminal  piano  may  be  installed  with  an  auto- 
matic  string  tuning  means  for  the  tone  scale  of 
each  string;  instead,  a  resonant  leaf  spring 
assembly  may  be  installed  in  the  resonant 
chamber  of  piano  for  measuring  the  vibrating 
frequency  of  every  string;  then,  the  sensing 
signal  will  drive  the  string  tuning  motor  to  adjust 
the  tension  of  the  string  by  winding  it  for  tuning 
purpose. 

Again,  a  still  further  feature  of  the  present 
invention  is  that  one  or  more  than  one  set  of 
constant  temperature  means  and  constant 
humidity  means  may  be  installed  in  the  resonant 
chamber  of  the  primary  rendition  piano  or  the 
terminal  piano  so  as  to  maintain  a  constant 
temperature  and  humidity  in  said  resonant 
chamber  in  order  to  maintain  a  stable  tonality. 

According  to  the  present  invention,  a  remote 
control  system  for  a  musical  instrument  or 
instruments  comprises  -at  least  one  keyboard 
having  a  plurality  of  keys  each  coupled  to  means 
for  sensing  key  operation  and  key  velocity  or 
force,  a  signal  generator  for  producing  a  string 
percussing  signal,  transmission  means  for  trans- 
mitting  the  signal  to  at  least  one  remote  instru- 
ment  having  a  string  percussing  arrangement 
coupled  to  a  receiving  circuit  in  the  instrument 
for  receiving  the  string  percussing  signal,  the 
arrangement  being  operable  in  response  to  the 
signal  to  produce  an  audible  sound  corre- 
sponding  to  the  operation  of  the  keyboard.  Pre- 
ferably,  the  string  percussing  signal  is  transmit- 
ted  simultaneously  to  four  or  more  instruments 
each  having  a  respective  receiver  circuit  and 
string  percussing  arrangement.  Conveniently, 
the  remote  control  system  according  to  the 
invention  includes  a  balance  circuit  for  varying 
the  relative  amplitudes  of  the  signals  fed  to  the 
respective  string  percussing  arrangements. 

According  to  a  feature  of  the  present  invention. 

^  
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the  or  each  remote  instrument  includes  servo 
control  means  having  a  feedback  circuit  for  com- 
paring  signals  corresponding  to  actual  move- 
ments  of  the  string  percussing  arrangement  with 
signals  received  from  the  keyboard.  Further,  the 
sensing  means  may  comprise  a  plurality  of  coils 
and  movable  core  elements,  each  key  being 
mechanically  coupled  for  the  sensing  means  to 
produce  relative  movement  between  a  respective 
coil  and  core  element. 

installed  underneath  the  key,  (B)  shows  the 
string-percussing  hammer  driving  means  being 
installed  in  the  upper  portion  adjacent  to  the 
vulcrum  of  the  string-percussing  hammer,  (C) 
shows  the  string-percussing  hammer  and  the  key 
being  driven  indirectly  by  means  of  a  steel  cable. 

Fig.  15  is  showing  four  embodiments  of  the 
way  of  driving  the  string-percussing  hammer. 

Fig.  16  is  an  embodiment  showing  how  the 
string-percussing  signal  to  be  transmitted 
between  the  primary  rendition  piano  and  the 
terminal  piano;  in  said  Fig.,  only  one  means  of 
transmitting  the  key  operation  signal  sensed  is 
shown. 

Fig.  17  is  an  embodiment  showing  the  string- 
percussing  signal  to  be  transmitted  directly  to 
the  terminal  piano  by  means  of  wire. 

Fig.  18  is  an  embodiment  of  a  servo-amplifier 
in  the  servo-string-percussing  means,  being  used 
for  adjusting  the  driving  strength  of  the  string- 
percussing  hammer  driving  means. 

Fig.  19  is  the  block  diagram  of  the  servo- 
system  shown  in  Fig.  20. 

Fig.  20  shows  an  A.C.  synchronizer  being  used 
as  a  sensing  and  driving  means. 

Fig.  21  shows  the  photocell  sensing  means 
shown  in  Fig.  5  to  be  used  as  a  string-percussing 
signal  generator,  and  also  shows  the  printing 
circuit  solenoid  shown  in  Fig.  11  to  be  used  as 
the  string  percussing  hammer  driving  means. 

Fig.  22  is  the  servo  block  diagram  of  the 
embodiment  shown  in  Fig.  21. 

Fig.  23  is  a  block  diagram  of  the  resolver 
shown  in  Fig.  3K,  which  is  used  as  a  sensing 
means  of  the  displacement  of  the  string-percus- 
sing  hammer  in  the  terminal  piano;  trie  said 
string-percussing  means  of  terminal  piano  may 
also  be  controlled  with  a  phase  servo-control 
method. 

Fig.  24  shows  a  linear  type  or  a  rotary  type  of 
driving  means  to  be  used  for  indirectly  driving 
the  string-percussing  hammer  of  terminal  piano. 

Fig.  25A  shows  another  embodiment  of  the 
servo-string-percussing  means,  in  which  a 
hydraulic  cylinder  is  used  for  driving  the  string- 
percussing  hammer,  and  a  differential  trans- 
former  sensing  means  is  used  to  test  the  dis- 
placement  of  the  plunger  so  as  to  feed  back  the 
displacement  tested  to  the  driving  input  terminal 
of  the  cylinder. 

Fig.  25B  is  a  speedservo  block  diagram  of  said 
embodiment. 

Fig.  26A  is  the  basic  block  diagram  of  the  servo 
valve  shown  in  Fig.  25A. 

Fig.  26B  shows  the  assembling  relationship 
among  the  servo  valve,  the  servo  amplifier,  and 
the  sensing  means  of  plunger  displacement. 

Fig.  27  is  a  block  diagram  of  the  position  servo 
in  servo-string-percussing  means  shown  in  Fig. 
25A. 

Fig.  28  is  a  block  diagram  of  the  servo-string- 
percussing  means,  in  which  two  sensing  means 
are  used  for  sensing  the  speed  and  position  of 
the  hydraulic  cylinder  shown  in  Fig.  25A. 

Fig.  29  is  an  embodiment  to  illustrate  the 

10 

Brief  Description  of  the  Drawings 
Fig.  1  is  the  system  block  diagram  of  one  of  the 

embodiments  in  the  present  invention; 
Fig.  2  is  the  block  diagram  of  the  embodiment  15 

of  a  four-terminal-piano  system  in  the  present 
invention; 

Fig.  3  shows  15  different  conventional  analog 
or  digital  sensing  means  to  be  used  for  the 
string-percussing  signal  generator  in  the  present  20 
invention; 

Fig.  4  shows  a  differential  voltage-varying 
sensing  means,  in  which  (A)  is  a  sectional  view 
thereof,  (B)  is  a  characteristic  curve  thereof,  and 
(C)  is  the  circuit  of  the  sensing  means;  25 

Fig.  5  is  a  block  diagram  of  the  photocell 
sensing  means  as  shown  in  Fig.  3F,  including  the 
circuit  of  two  photodetectors  being  used  for 
identifying  the  moving  direction  of  the  piano 
keys.  30 

Figs.  6  to  8  show  respectively  the  structure  and 
characteristics  of  three  sensing  means  as  shown 
in  Fig  31,  3E  and  3M. 

Figs.  9A  to  9E  show  the  five  sensing  means  to 
be  installed  underneath  the  piano  keys  for  sens-  35 
ing  the  operation  of  the  keys;  in  those  Figures, 
(a)  is  a  throw-light  sensing  means,  (B)  is  a  reflect- 
ing  type  of  throw-light  sensing  means,  (C)  is  an 
electro-induction  sensing  means,  (D)  is  an  induc- 
tosyn  sensing  means,  and  (E)  is  a  magnetic  40 
sensing  means. 

Fig.  10  shows  eight  (8)  electro-magnetic  means 
(A—  F,  H—  I)  which  can  convert  the  analog  current 
signal  input  into  mechanical  displacement  out- 
put,  and  shows  a  cylinder  (G)  that  can  convert  45 
the  input  fluid  pressure  or  volume  variation  into 
a  variable  displacement  of  the  output  axle,;  all  of 
the  aforesaid  means  may  be  used  for  driving  the 
device  of  string-percussing  hammer  in  the  ter- 
minal  piano.  so 

Fig.  11  shows  a  printing  circuit  solenoid  that 
may  be  used  as  the  string-percussing  hammer 
driving  means  in  the  servo-string  percussing 
device  as  shown  in  Fig.  1  and  2. 

Fig.  12  shows  an  arc-shaped  printing  circuit  55 
solenoid,  which  is  used  to  drive  the  keys  of 
terminal  piano  in  the  present  invention. 

Fig.  13  is  a  view,  in  which  three  windings  W1, 
W2  and  W3  are  excited  in  sequence  to  drive  the 
string-percussing  hammer.  60 

Fig.  14  shows  several  embodiments  of  the 
installing  position  and  the  way  of  driving  for  the 
string-percussing  hammer  driving  means;  and 
the  way  of  driving  in  the  Fig.,  (A)  shows  the 
string-percussing  hammer  driving  means  being  65 
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string-percussing  signal  to  be  directly  transmitted 
through  the  wire. 

Fig.  30  shows  a  transmission  method,  in  which 
a  linear  amplifier  is  installed  on  each  transmission 
wire.  5 

Fig.  31  is  an  embodiment  to  directly  transmit 
the  string-percussion  signal  by  means  of  a  multi- 
tone  and  single  line  scanning  method. 

Fig.  32  is  an  embodiment  of  radio  transmission 
by  means  of  single-tone  frequency  modulation  10 
method. 

Fig.  33  is  an  embodiment,  in  which  a  multi- 
channel  radio  transmission  method  is  used  for 
transmitting  the  tones  of  the  keys  simultaneously. 

Fig.  34  is  an  embodiment,  which  uses  a  scan-  15 
ning  method  of  single  channel  transmission  to 
transmit  the  string-percussing  signal. 

Fig.  35  shows  the  wave  forms  on  the  various 
points  of  the  transmission  and  reception  system 
shown  in  Fig.  34.  20 

Fig.  36  is  a  block  diagram  showing  a  parallel 
and  remote  rendition  system  by  using  one  piano 
or  one  group  of  key  board. 

Fig.  37  is  a  block  diagram  of  remote  rendition 
system  by  using  two  groups  of  key  boards  and  25 
two  terminal  pianos  installed  at  two  opposite 
sides.  -  ■  -  -  —  

Fig.  38  shows  a  parallel  and  remote  rendition 
system  by  using  four  groups  of  key  boards  and 
four  terminal  pianos  arranged  in  the  four  corners  30 
of  a  square  area  so  as  to  have  the  forte  point  of 
combined  sound  generate  a  double  coordinate 
displacement. 

Fig.  39  shows  eight  terminal  pianos  being 
arranged  in  cubic  configuration  to  receive  the  35 
rendition  control  from  eight  discrete  groups  of 
key  boards  so  as  to  have  the  forte  point  of 
combined  sound  generate  a  stereo-displacement 
effect. 

Fig.  40  is  a  distribution  circuit  of  string-percus-  40 
sing  strength  to  control  the  linear  displacement  of 
the  forte  point  of  combined  sound  of  the  terminal 
pianos. 

Fig.  41  is  a  block  diagram  of  the  remote  rendi- 
tion  system  in  the  present  invention  including  45 
that  circuit  shown  in  Fig.  40. 

Fig.  42  is  a  distribution  circuit  of  string-percus- 
sing  strength  to  control  the  combined  forte  point 
to  vary  within  a  two-dimensional  space. 

Fig.  43  is  a  system  block  diagram  including  the  so 
circuit  shown  in  Fig.  42. 

Fig.  44  is  the  circuit  of  the  automatic  string- 
tuning  means  in  the  present  invention. 

Fig.  45  shows  a  resonant  leaf  spring  assembly 
tightly  attached  to  the  piano  resonant  chamber  so  55 
as  to  test  the  vibrating  frequency  of  the  string  for 
either  manual  or  automatic  string  tuning. 

Fig.  46  to  48  show  three  different  embodiments 
of  the  configuration  of  piano  keys.  Fig.  46  and  47 
are  the  front  view  of  the  key  board;  Fig.  48  is  a  so 
partial  front  view  of  the  key  boards. 

Fig.  49  is  the  matrix  configuration  embodiment 
of  the  keyboard  in  the  present  invention. 

Fig.  50  and  51  show  two  different  shapes  of  the 
keys  in  the  present  invention.  65 

Fig.  52  shows  a  constant  temperature  means 
and  a  constant  moisture  means  to  be  installed  in 
the  resonant  chamber. 

Detailed  Description 
The  system  feature,  and  the  structure  of  the 

embodiments  in  the  present  invention  are 
described  in  detail,  by  referring  to  the  drawings, 
as  follows:  — 

This  invention  relates  to  a  "Remote  Control  and 
Transmission  System  for  Piano  Rendition",  which 
comprises: 

1.  One  or  more  than  one  set  of  discrete  key- 
board,  or  one  or  more  than  one  primary  piano  for 
manual  rendition. 

2.  One  or  more  than  one  set  of  string-percus- 
sing  signal  generators  for  sensing  the  operation 
of  each  key  of  the  said  key  board,  and  for 
delivering  a  corresponding  signal  directly  or 
indirectly  to  drive  the  string-percussing  hammer 
of  terminal  piano. 

3.  A  transmission  and  processing  circuit  for 
transmitting  and  processing  the  aforesaid  string- 
percussing  signal. 

4.  One  or  more  than  one  terminal  piano  which 
may  or  may  not  be  provided  with  a  servo-control 
means. 

5.  A  reception  circuit  of  the  string-percussing 
signal,  which  will  deliver  said  signal  to  the  string- 
percussing  means  in  the  terminal  piano. 

6.  A  string-percussing  means,  which  may  or 
may  not  be  provided  with  a  servo-control  func- 
tion,  and  comprising  a  string-percussing  hammer 
driver  so  as  to  actuate  the  string  percussing 
hammer  in  the  terminal  piano. 

The  aforesaid  string-percussing  signal  trans- 
mission  and  processing  circuit,  and  reception 
circuit  may  or  may  not  be  used  by  depending 
upon  the  transmission  method  to  be  used. 

Referring  to  Fig  1,  there  is  shown  an  embodi- 
ment,  which  may  include  a  piano  for  manual 
rendition  or  a  set  of  discrete  keyboard,  and  a 
terminal  piano  for  remote  control  rendition.  The 
main  feature  of  said  embodiment  is  that  when  the 
keyboard  (1)  of  one  piano  or  a  set  of  discrete 
keyboard  (1)  is  played  manually,  a  string  percus- 
sing  signal  generator  (3)  installed  underneath  the 
key  will  sense  the  operation  of  the  keys,  and  will 
generate  an  analog  signal  corresponding  to  the 
fingering  skill  and  force  or  a  series  of  digital 
signal;  then,  said  signal  will,  through  the  trans- 
mission  and  processing  circuit  (4)  be  transmitted 
to  the  reception  circuit  (5)  for  driving  the  string- 
percussing  means  (6)  in  the  terminal  piano  to 
have  the  string-percussing  hammer  (7)  strike  the 
string  so  as  to  obtain  a  rendition  corresponding  to 
primary  piano  in  fingering  skill  and  force,  tonality, 
and  melody. 

Particularly,  since  the  key  operations  during 
rendition  including  the  pressure  applied  to  the 
keys,  the  motion  speed  of  the  keys  will  all  be 
sensed  by  the  string-percussing  signal  generator 
(3),  which  will  then  deliver  an  analog  or  digital 
signal  corresponding  to  said  rendition  pressure 
and  speed  to  the  transmission  and  processing 
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Referring  to  Fig.  6,  there  is  shown  the  operation 
theory  and  the  circuit  of  the  inductosyn  sensing 
means  shown  in  Fig.  3d). 

Fig.  7  is  the  theory  and  direction-measuring 
5  block  diagram  of  the  magnetic  sensing  means 

shown  in  Fig.  3(L)  Fig.  8  is  an  embodiment  of  the 
two  coils  and  the  output  voltage  waveform  of  the 
said  differential  transformer  type  of  sensing 
means.  Since  all  the  aforesaid  sensing  means  and 

w  their  operation  theory  are  of  conventional,  no 
details  thereof  will  be  described. 

Referring  to  Fig.  9,  there  are  shown  several 
embodiments  of  said  various  sensing  means  how 
to  be  used  as  the  string-percussing-signal 

15  generator  (3)  in  the  present  invention.  Fig.  9(A) 
shows  a  grid  throw-light  means  being  used  as  a 
string-percussing  sensing  means,  which  includes 
a  light-throwing  element  (10),  a  photo-detector 
(11),  and  the  light  grid  (13)  installed  underneath 

20  each  key  (12)  of  a  primary  piano  or  a  discrete  key- 
board.  Upon  a  player  pushing  the  piano  keys  (12) 
said  sensing  means  will  generate  a  pulse  signal 
corresponding  to  the  motion  speed  of  the  piano 
keys.  Fig.  9(B)  shows  a  light  reflection  type  of 

25  sensing  means,  which  includes  several  reflecting 
pieces  (14),  the  light-throwing  element  (10)  and 
the  photo-detector  (11),  which  is  installed  under- 
neath  the  piano  key  (12).  Upon  the  piano  keys 
being  played,  said  sensing  means  will  generate  a 

30  pulse  signal  corresponding  to  the  motion  speed 
of  the  piano  keys. 

Fig.  9(C)  shows  an  electro-magnetic  induction 
type  of  sensing  means  which  includes  a  per- 
manent  magnet  (15)  with  a  coil  and  a  number  of 

35  magnetising  iron  cores  (16)  arranged  abreast. 
Upon  the  key  being  pushed  downwards,  the 
magnetising  iron  core  will  move  down  to  cause 
the  magnetic  reluctance  of  the  field  of  said  per- 
manent  magnet  to  vary  and  to  induce  a  pulse 

40  signal  in  the  coil,  of  which  the  strength  is  varying 
corresponding  to  the  motion  speed  of  the  piano 
keys. 

Fig.  9(D)  shows  an  inductosyn  (17)  sensing 
means  as  shown  in  Fig.  6  to  sense  the  motion 

45  speed  of  the  piano  keys.  Fig.  9(E)  shows  a  mag- 
netic  sensing  means  as  shown  in  Fig.  7  to  be  used 
for  sensing  the  motion  speed  of  the  piano  keys. 

Referring  to  Fig.  10,  there  are  shown  eight  (from 
A  to  H)  conventional  electro-magnetic  driving 

so  means  to  convert  the  input  analog  signal  into 
mechanical  displacement.  Fig.  10(1)  shows  a 
cylinder  (18)  of  which  the  displacement  of  the 
output  axle  may  vary  with  the  input  fluid  pressure 
or  the  fluid  quantity.  The  aforesaid  driving  means 

55  may  also  be  used  as  the  string-percussing 
hammer  driving  means  of  the  string-percussing 
means  in  the  terminal  piano  of  the  present  inven- 
tion  to  drive  the  string-percussing  hammer  (7). 

Referring  to  Fig.  1  1  ,  there  is  shown  another  new 
60  innovation,  which  is  a  printing  circuit  solenoid 

having  response  to  high  frequency,  and  has  the 
feature  of  including  a  linear  plate  with  a  printing 
circuit  type  of  windings  (19)  of  which  two  sides 
are  coupled  respectively  to  magnet  poles  (20)  of  a 

65  permanent  magnet.  The  top  end  and  the  lowest 

circuit  (4);  after  being  processed,  said  signal  will 
be  transmitted  to  a  remote  place  by  means  of  RF 
in  FM,  AM  or  PCM  (pulse-code  modulation),  or 
will  be  transmitted  directly  by  means  of  guide 
light,  wire  or  the  fluid  pipe  system,  or  will  be 
amplified  first  before  transmission,  or  be  trans- 
mitted  by  means  of  scanning  method. 

Upon  the  terminal  piano  receiving  the  string- 
percussing  signal  from  a  remote  station,  the  said 
signal  will  pass  a  detector  and  an  amplifier  (or 
directly)  before  driving  the  string-percussing 
means  (6),  in  the  piano  so  as  to  have  the  non- 
player  terminal  pianos  in  the  vicinity  of  or  in  the 
remote  place  automatically  rendered  a  music 
same  as  that  of  the  primary  rendition  piano. 
Further,  said  string-percussing  signal  may  also  be 
transmitted  to  a  recorder  (8)  for  later  transmission 
to  the  terminal  piano  at  any  time  to  produce  a  re- 
generation  rendition. 

Fig.  2  is  a  block  diagram  showing  a  system 
including  four  terminal  pianos. 

Referring  to  Fig.  3  there  are  shown  16  various 
conventional  analog  and  digital  sensing  means  to 
be  used  in  said  string-percussing  signal  generator 
(3).  In  Fig.  3  (A)  is  an  induction  type  by  using  a 
movable  permanent  magnet  in  a  coil,  (B)  is  a  D.C. 
generator  type,  (C)  is  a  motion  coil  type,  (D)  is  an 
A.C.  generator  type,  (E)  is  an  electro-magnetic 
pulse  generator  type,  (F)  is  a  photocell  pulse 
generator  type,  (G)  is  a  light  refection  type,  (H)  is  a 
type  of  potentiometer  with  a  tap,  (I)  is  a  rotary 
type  of  induction,  (J)  is  a  type  of  synchronous 
voltage  differential  induction,  (K)  is  a  resolver 
type,  (L)  is  a  magnetic  sensing  type,  (M)  is  a 
differential  transformer  type,  (N)  is  moving  iron 
core  type,  (O)  is  a  code  disk  type,  and  (P)  is  a 
differential  potentiometer  type.  In  addition,  a 
piezo-electric  type  of  sensing  means  may  also  be 
used  in  said  string-percussing  signal  generator 
(3). 

Referring  to  Fig.  4,  there  is  shown,  in  detail,  the 
structure  and  characteristics  of  a  differential 
transformer  type  of  sensing  means  as  shown  in 
Fig.  3(M).  Fig.  4(A)  is  a  sectional  view  of  the 
structure  of  the  sensing  means;  Fig.  4(B)  shows 
the  relationship  between  the  linear  displacement 
"X"  and  the  differential  sensing  voltage  &,—  c2  of 
the  core  portion  (9);  Fig.  4(C)  shows  the  circuit  of 
the  sensing  means. 

Referring  to  Fig.  5(a),  there  is  shown  the  photo- 
cell  type  of  sensing  means  as  shown  in  Fig.  3(F). 
Fig.  5(B)  shows  two  photo-detectors  with  an  angle 
difference  of  90°  between  them;  the  variation  of 
light  is  sensed  with  two  slit  groups  (61a)  and  (61b) 
on  the  round  plate  (60)  shown  in  Fig.  5(B)  so  as  to 
measure  the  motion  direction  of  the  piano  keys. 
Fig.  5(C)  shows  the  relationship  of  the  rotation 
angle  between  the  photo  output  va  and  vb  of  said 
two  photo-detector  and  the  axle  (62)  (to  drive  the 
round  plate  turning),  Fig.  5(D)  is  a  block  diagram 
showing  the  output  of  said  two  sets  of  photo- 
detectors  being  used  as  an  input  so  as  to  measure 
the  motion  direction  of  the  piano  keys.  Fig.  5(E) 
shows  the  ware-forms  appearing  on  the  various 
points  of  the  circuit  shown  in  Fig.  5(D). 
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end  of  the  winding  are  not  connected  each  other, 
but  the  top  of  each  winding  is  connected  to  the 
parallel  commutating  strip  (21)  which  may,  if 
necessary,  be  installed  at  one  or  both  edges  on 
one  side,  or  at  one  or  both  edges  on  the  both  5 
sides  of  said  printing  circuit  type  of  winding  (19). 
The  brush  sets  (22)  are  installed  in  the  opposite 
side  of  the  parallel  commutating  strips  (21).  The 
windings  (23)  the  permanent  magnet  (20)  and  the 
position  of  the  brushes  (22)  should  be  arranged  in  w 
such  a  manner  as  to  have  the  printing  circuit  type 
of  winding  (19)  move  up  and  down  corresponding 
to  the  current  direction,  and  make  a  displacement 
in  relative  speed  corresponding  to  the  current 
waveform  variation.  15 

Referring  to  Fig.  12,  there  is  shown  an  arc- 
shaped  embodiment  of  the  printing  circuit  type  of 
solenoid  (25)  which  may  be  installed  in  the  ter- 
minal  piano  to  be  used  as  a  string-percussing 
hammer  driving  means.  20 

By  referring  to  Fig.  10,  some  of  the  driving 
means  are  exemplified  how  to  be  installed  in  the 
terminal  piano  of  the  present  invention  to  be  used 
as  string-percussing  driving  means  (27)  to  drive 
the  string-percussing-hammer  (7)  and  the  piano  25 
key  (12')  and  they  are  described  as  follows: 

Referring  to  Fig.  13,  there  is  shown  a  driving 
means  made  of  a  mechanical-to-electric  energy 
transducer  (63)  in  which  the  three  windings  W1, 
W2  and  W3  are  energised  respectively  with  a  30 
driving  current  in  right  sequence  so  as  to  drive  the 
iron  core  (26)  to  move  linearly  for  actuating  the 
piano  key  (12')  of  a  terminal  piano  and  the  string- 
percussing  hammer  (not  shown)  to  render  a  note. 
That  drive  means  may  obtain  better  fidelity.  35 

Referring  to  Fig.  14,  there  are  shown  several 
embodiments  showing  the  different  positions 
installed  and  the  driving  methods  of  the  string- 
percussing  hammer  driving  means  (27).  In  Fig. 
14(A)  the  string-percussing  hammer  driving  40 
means  (27)  is  installed  underneath  the  piano  keys 
(12')-  In  Fig.  14(B)  said  driving  means  (27)  is 
installed  in  a  position  near  the  fulcrum  of  the 
string-percussing  hammer  (7).  In  Fig.  14(C),  said 
driving  means  (27)  is  installed  underneath  the  45 
piano  key  with  a  steel  rod  (28)  and  the  said  driving 
means  (27)  will  indirectly  drive  the  string-percus- 
sing  hammer  (7). 

The  other  types  of  driving  means  are  described, 
by  referring  to  Fig.  14  and  15,  as  follows:  —  50 

In  Fig.  15(A),  the  string-percussing  hammer 
driving  (27)  is  made  of  a  rotary  means  (29)  to 
drive,  through  a  connecting  rod  (30)  the  corre- 
sponding  piano  key  (12')  and  the  string-percus- 
sing  hammer  (7)  in  the  terminal  piano.  Fig.  15(B)  55 
shows  a  driving  means  made  of  a  rack  (31)  and 
gear  (32)  which  converts  the  output  of  a  rotary 
means  (29)  into  a  linear  motion  to  drive  the  key 
(12')  of  a  terminal  piano.  The  said  rotary  means 
(29)  may  be  a  small  D.C.  servo-motor,  a  printing  60 
circuit  type  of  motor,  or  other  rotary  means  that  is 
driven  with  electro-magnetic  induction  method  or 
a  fluid  pressure.  The  said  rotary  means  (29)  may 
also  be  furnished  with  a  return  spring  to  have  said 
means  (29)  returned  to  its  original  position  upon  65 

being  de-energised.  Fig.  15(C)  shows  a  cylinder 
driving  means  (18)  as  shown  in  Fig.  10(1)  to  be 
used  as  a  string-percussing  hammer  (7).  Fig. 
15(D)  shows  a  string-percussing  hammer  driving 
means  (27)  including  a  solenoid  (33)  having  four 
sets  of  windings,  which  can  directly  drive  the 
piano  keys  (12')  and  the  string-percussing 
hammer  (7);  said  solenoid  may  also  be  replaced 
with  the  printing  circuit  type  of  solenoid  (25)  or 
the  general  solenoid. 

Referring  to  Fig.  16,  there  is  shown  an  embodi- 
ment  to  illustrate  the  transmission  method 
between  the  primary  piano  and  the  terminal 
piano  in  the  present  invention  (only  illustrating 
the  transmission  of  the  sensed  signal  of  a  given 
piano  key  operation),  in  which  the  string-percus- 
sing  signal  generator  (3)  of  a  given  key  (12')  in  the 
primary  rendition  piano  is  an  electro-magnetic 
type  of  sensing  means  (64)  and  the  string-percus- 
sing  hammer  driving  means  (27)  in  the  terminal 
piano  is  an  electro-magnetic  driving  means  (64') 
same  in  construction  as  the  said  electromagnetic 
type  of  sensing  means  (64).  Upon  the  piano  key 
(12)  in  the  primary  rendition  piano  (1)  being 
played,  the  sensing  means  (64)  will  generate  an 
induced  output  of  analog  signal  corresponding  to 
the  motion  speed  of  the  piano  key  (12).  As  shown 
by  the  solid  line  in  Fig.  16,  the  said  signal  may 
also  be  transmitted,  through  a  wire,  to  an  ampli- 
fier  for  amplification  before  being  transmitted 
through  wire  to  a  given  terminal  piano  so  as  to 
drive  the  electro-magnetic  type  of  driving  means 
(64')  in  the  key  (12')  having  the  same  tone  scale 
same  as  that  in  the  key  (12)  of  said  piano  being 
played  in  order  to  have  the  key  (12')  played 
automatically,  and  further  to  have  the  string- 
percussing  hammer  (7)  corresponding  to  said  key 
being  actuated  (referred  to  Fig.  14)  to  render  the 
same  music  as  that  of  the  key  (1  2)  in  said  primary 
rendition  piano. 

Upon  more  than  one  keys  (12)  being  simul- 
taneously  or  continuously  played,  the  same 
number  of  corresponding  electro-magnetic  sens- 
ing  means  (64)  under  each  of  the  keys  (12)  will 
sense  and  generate  the  corresponding  output 
signal,  which  will,  after  being  amplified,  drive  the 
same  number  of  corresponding  electro-magnetic 
driving  means  (64')  to  generate  the  corre- 
sponding  string-percussing  operation. 

Referring  again  to  Fig.  16,  there  is  shown  a 
dotted  line  indicating  that  said  string-percussing 
signal  sensed  may  be  transmitted  to  a  trans- 
mission  means  (34)  (being  used  as  a  string- 
percussing  signal  transmission  circuit  and  pro- 
cessing  circuit  4)  for  amplification  and  for  FM,  AM 
or  PCM  modulation  before  putting  into  radio 
transmission;  then,  said  signal  will  be  received  by 
a  receiving  means  (35)  (being  used  as  a  string- 
percussing  signal  receiving  circuit  5)  for  de-mod- 
ulation  and  amplification  so  as  to  drive  the  elec- 
tro-magnetic  driving  means  (64')  to  generate 
rendition.  Further,  said  signal  sensed  may  also  be 
transmitted  to  a  domestic  earth  station  for  relay- 
ing  to  the  earth  station  of  other  country  via 
satellite  communication  system,  and  then  the 
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Fig.  19  is  a  block  diagram  showing  the  servo- 

driving  system  as  illustrated  in  Fig.  18. 
Fig.  20  is  an  A.C.  synchroniser  to  be  used  as  a 

string-percussing  signal  generator  (3)  and  a  string- 
5  percussing  hammer  driving  means  (27)  in  the 

present  invention. 
Fig.  21  shows  two  embodiments,  of  which  one  is 

the  photo-cell  digital  sensing  means  shown  in  Fig. 
5  to  be  used  as  a  string-percussing  signal 

10  generator  (3)  while  the  other  is  the  printing  circuit 
solenoid  (25)  shown  in  Fig.  11  to  be  used  as  a 
string-percussing  hammer  driving  means  (27). 

Upon  the  key  (12)  being  pushed  down  to  drive 
the  round  plate  (60)  having  fine  slit  groups  rotat- 

15  ing,  the  two  photodetectors  (11a)  and  (11b)  having 
an  angle  difference  of  90°  will  generate  two 
photocell  signals,  which  are  added  or  opposite 
each  other,  and  which  are  coupled  to  a  moving 
direction-identifying  circuit  (39)  same  as  that 

20  shown  in  Fig.  5(d),  said  circuit  (39)  can  only 
generate  a  pulse  output  upon  the  piano  key  (12) 
being  pushed  down.  Said  signal  will  also  be 
coupled  to  a  driving  circuit  (including  a  MC  4044 
IC)  that  has  digital  control,  D/A  converter,  and 

25  amplification  functions  so  as  to  drive  the  printing 
circuit  solenoid  (25)  in  a  terminal  servo  piano  to 
have  the  string-percussing  hammer  generate  a 
corresponding  operation.  The  operation  of  the 
string-percussing  hammer  (7)  may  be  sensed  by  a 

30  photocell  sensing  means  (only  including  a  photo- 
detector  same  as  that  mentioned  above,  and  the 
signal  sensed  will  be  fed  back  to  the  input  terminal 
of  said  driving  circuit.  The  feature  of  this  embodi- 
ment  is  to  obtain  high  fidelity  by  means  of  the  high 

35  frequency  response  of  the  printing  circuit 
solenoid,  and  by  means  of  the  driving  circuit 
having  digital  control  function. 

Fig.  22  is  a  servo-block  diagram  of  the  embodi- 
ment  shown  in  Fig.  21. 

40  In  the  embodiment  of  the  servo-block  diagram 
shown  in  Fig.  23(A),  a  resolver  (41)  is  used  as  a 
displacement  sensing  means  of  the  string-percus- 
sing  hammer  in  a  terminal  servo-piano,  and 
another  phase  servo-control  method  is  used  for 

45  controlling  the  string-percussing  servo-system  of 
the  terminal  servo-piano.  Fig.  23(B)  is  used  for 
illustrating  the  relationship  between  the  input 
signal  Pr,  the  input  signal  Po  and  the  output  signal 
Pr—  Po  of  the  phase  discriminator  circuit.  The  PPM 

so  shown  in  Fig.  23(B)  is  the  digital  phase  modulator 
shown  in  Fig.  23(A). 

Fig.  24(A)  is  an  embodiment  showing  to  use  a 
steel  rod  (28)  (may  be  made  of  other  metal)  to 
indirectly  pull  the  string-percussing  hammer  (7) 

55  said  steel  rod  (28)  may  also  be  pulled  up  and  down 
by  means  of  a  hydraulic  cylinder  (18)  as  shown  in 
said  Fig.  15c,  or  a  pneumatic  or  an  electro- 
magnetic  driving  means  or  the  aforesaid  printing 
circuit  solenoid.  Further,  said  steel  rod  (28)  may 

60  also  be  driven  with  a  rotary  driving  means  that 
drives  a  winding  wire  (70). 

Referring  to  Fig.  25,  there  is  shown  a  string- 
percussing  servo-method,  which  uses  a  hydraulic 
cylinder  (18)  to  drive  the  string-percussing 

65  hammer;  a  differential  transformersensing  means 

signal  will  be  transmitted  through  said  earth 
station  to  a  terminal  piano  to  generate  the  corre- 
sponding  remote  rendition  result. 

The  aforesaid  piano  key  (12')  and  string-percus- 
sing  hammer  (7)  may  be  pulled  back  to  its  original 
position  by  means  of  a  convention  returning 
spring  of  its  gravity. 

Referring  to  Fig.  17,  there  is  shown  another 
string-percussing  signal  transmission  method,  in 
which  the  sensing  means  in  the  primary  rendition 
piano  and  driving  means  in  the  terminal  piano  are 
all  the  same  as  a  mechanical-to-electric  energy 
transducer  (63)  having  three  windings  as  shown  in 
Fig.  13.  By  means  of  said  winding  to  be  energised 
in  sequence,  a  better  fidelity  of  the  rendition  signal 
may  be  obtained.  The  sensing  and  the  transmitting 
theory  of  said  method  shown  in  Fig.  17  is  the  same 
as  that  shown  in  Fig.  16  (in  Fig.  17  only  the  wire 
transmitting  method  being  shown).  Upon  being 
transmitted  directly  through  wire,  every  said  wind- 
ing  will  have  a  common  ground,  and  each  winding 
forms  a  separate  wire  transmission  system 
directly.  In  addition,  a  switch  transistor  may  be 
connected  in  series  with  each  transmission  wire, 
and  said  switch  transistor  may  be  controlled  with 
an  oscillator  and  a  ring-shaped  counter  for  scan- 
ning  transmission  method  (to  be  described  in  Fig. 
31  later).  The  RF  transmission  may  be  done  by 
means  of  the  various  scanning  method  to  be 
described  later  (refer  to  Fig.  32  to  34). 

In  addition  to  the  various  driving  means  shown 
in  Fig.  10  for  directly  or  indirectly  driving  the  string- 
percussing  hammer  (7)  in  the  terminal  piano,  the 
string-percussing  means  (6)  may  also  be  furnished 
with  a  servo-control  function  so  as  to  timely  adjust 
the  driving  strength  of  the  string-percussing  signal 
to  the  string-percussing  hammer  driving  means 
(27)  for  increasing  the  fidelity  of  the  music;  then, 
the  string-percussing  means  (6)  becomes  a 
"servo-string-percussing  means",  and  the  ter- 
minal  piano  will  also  become  a  terminal  servo- 
piano  having  the  function  of  string-percussing 
servo-control. 

The  aforesaid  means  is  further  described,  by 
referring  to  several  embodiments,  as  follows:  — 

Referring  to  Fig.  18  there  is  shown  an  embodi- 
ment,  of  which  the  feature  is  that  a  servo-amplifier 
(36)  is  to  be  driven  with  the  signal  transmitted 
through  a  wire  system  or  an  electro-magnetic 
wave,  also  the  output  of  said  servo-amplifier  (36) 
may  be  used  to  drive  the  electro-magnetic  type  of 
driving  means  (64')  having  a  winding  Wm)  that  is 
used  as  a  string-percussing  hammer  driving 
means  (27).  Another  electro-magnetic  sensing 
means  (64")  same  as  the  electro-magnetic  sensing 
means  (64)  is  also  coupled  to  the  lower  end  of  the 
key  (12')  of  a  terminal  piano  so  as  to  generate  a 
sensing  signal  Vf  upon  the  key  (1  2')  being  driven  to 
feed  back  to  the  input  terminal  of  the  said  servo 
amplifier  (36)  and  so  as  to  compare  with  the  string- 
percussing  signal  V,  coming  from  the  electro- 
magnetic  sensing  means  (64)  of  the  primary 
rendition  piano  in  order  to  adjust  the  driving 
strength  of  the  electro-magnetic  driving  means 
(64'). 
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(43)  may  be  used  to  sense  the  displacement  of  the 
plunger  (42)  so  as  to  feed  back  to  the  driving  input 
terminal  of  the  cylinder  (18)  in  which  a  servo- 
valve  (44)  is  used  for  controlling  the  oil  to  flow  in 
or  out. 

Fig.  26(A)  is  a  block  diagram  showing  the  basic 
structure  of  the  servo-valve  (44)  shown  in  Fig.  25. 

Fig.  26(B)  illustrates  the  construction  relation- 
ship  among  the  servo-valve  (44),  the  servo-ampli- 
fier  (45)  and  the  said  plunger  displacement  sens- 
ing  means  (43).  The  position  control  of  the  string- 
percussing  hammer  to  be  controlled  with  said 
hydraulic  servo  control  means  may  be  illustrated 
with  a  block  diagram  shown  in  Fig.  27. 

The  hydraulic  driving  method  shown  in  Fig.  28 
uses  two  sensing  means  as  shown  in  Fig.  25(B) 
and  27  to  sense  the  position  and  speed  of  the 
output  axle  of  said  hydraulic  cylinder  (18)  respec- 
tively,  then  said  position  and  speed  sensed  will  be 
fed  back  to  the  input  terminal  for  servo-control.  It 
is  a  semiclose  loop  type  of  control  method. 

In  playing  piano,  the  player  generally  will  simul- 
taneously  play  a  plurality  of  keys;  therefore,  the 
sensing  means  for  each  key  should  be  able  to 
generate  and  to  deliver  an  output  signal  simul- 
taneously.  The  following  embodiments  will 
describe  how  the  string-percussing  signal 
generator  (3)  and  the  transmission  and  pro- 
cessing  circuit  (4)  in  this  system  accomplish  the 
aforesaid  requirements. 

Referring  to  Fig.  29  there  is  shown  an 
embodiment  of  direct  transmission,  in  which  the 
operation  of  the  keys  (12)  (K-,  —  Kn)  of  the  primary 
rendition  piano  will  be  sensed  respectively  with 
the  corresponding  string-percussing  signal 
generator  (3)  (T,  —  Tn)  and  will  be  directly,  through 
wire,  transmitted  to  the  corresponding  string- 
percussing  hammer  driving  means  (27) 
(HD,—  HDn). 

The  embodiment  shown  in  Fig.  30  is  fur- 
nished,  in  the  transmission  wire,  with  a  linear 
amplifier  AMP!—  AMPn. 

The  aforesaid  wire  transmission  method  is 
this  system  is  just  the  multi-tone  and  single  line 
scanning  type  of  direct  transmission  method  as 
shown  in  Fig.  31,  in  which  the  grounding  ter- 
minals  of  the  string-percussing  signal  generators 
(T|  —  Tn)  are  connected,  in  series,  with  a  switching 
transistor  Q,  —  Qn  respectively;  the  output  ter- 
minals  T,  —  Tn  are  connected  in  parallel  and 
coupled  to  one  amplifier  (71).  At  the  grounding 
terminal  of  every  string-percussing  hammer  driv- 
ing  means  HD,—  HDn  of  the  terminal  piano,  a 
switching  transistor  QD1—  QDn  is  also  connected  in 
series  respectively.  The  input  terminals  of 
HD,  —  HDn  are  connected  in  parallel,  and  then 
coupled  to  the  output  terminal  of  said  amplifier 
(71).  Further,  in  the  string-percussing  signal  trans- 
mission  and  processing  circuit  (4)  a  time 
sequence  oscillator  (72)  and  a  ring  counter  (73) 
are  furnished.  The  output  terminals  (P,  —  Pn)  of 
said  ring  counter  (73)  are  connected  respectively 
to  the  basis  of  the  aforesaid  switching  transistors 
(&|—  Qn;  and  QD1—  QDn);  in  other  words,  the  out- 
put  point  P-,  is  used  for  driving  Q,  and  Qd1;  P2  is 

used  for  driving  Q2  and  QD2;  likewise,  Pn  is  used 
for  driving  Qn  and  QDn  so  as  to  have  the  operation 
of  K,  —  Kn  generate  a  scannng  type  of  multi-tone 
output. 

5  Fig.  32  is  an  embodiment  of  ratio  transmission 
in  a  single-tone  frequency  modulation  mode  to  be 
used  in  this  system.  Referring  again  to  Fig.  31, 
thee  is  shown  an  oscillator  in  the  string-percus- 
sion-signal  transmission  and  processing  circuit 

10  (4)  and  the  oscillating  frequency  of  said  oscillator 
is  to  be  determined  by  the  resistance  value  of  the 
resistors  R-,  —  Rn  which  are  connected  respectively 
in  parallel  to  every  normally  closed  contact  of  the 
switches  SK1  —  SKn  coupled  to  the  keys  IC,  —  Kn.  For 

15  example,  upon  K,  being  played,  the  normally 
closed  contact  coupled  to  K,  will  become  opening 
to  have  the  oscillator  generate  oscillating  at  a 
frequency  determined  by  R-,.  Said  oscillating 
signal  and  the  signal  generated  by  T,  are  all 

20  coupled  into  the  modulator,  and  will  be  transmit- 
ted  to  other  place  after  being  amplified.  Since  the 
resistor  of  every  key  is  R,  ¥=  R2  #  R3  ...  #  Rn-i  ¥= 
Rn,  the  transmitting  frequency  is  different  from 
each  other;  therefore,  the  various  resonant  cir- 

25  cuits  LC  in  the  terminal  piano  will  have  a  selection 
to  the  input  signal  frequency.  Since  all  the 
resonant  frequencies  fLC1  —  fLOn  of  the  resonant 
circuits  LC,  —  LCn  have  been  pretuned  to  the  same 
frequencies  of  said  corresponding  OSC,  of  every 

30  key,  only  the  LC  circuit  (LC,  —  LCn)  of  the  corre- 
sponding  key  (IC,  —  Kn)  being  played  can  generate 
a  resistance  and  generate  an  input.  The  said  input 
signal  will  pass  a  detector  (D-,  —  Dn)  for  detection, 
and  pass  an  amplifier  (AMP,—  AMPn)  for  amplifi- 

35  cation  so  as  to  drive  the  corresponding  string- 
percussing  hammer  driving  means  HD,  —  HDn  to 
actuate  the  string-percussing  hammer  coupled 
thereto. 

Fig.  33  is  an  embodiment  of  a  multi-channel 
40  radio  transmission  method  for  the  remote  control 

rendition  system,  in  which  the  notes  generated  by 
every  key  may  be  transmitted  simultaneously. 
The  feature  of  that  system  is  that  every  key  IC,  —  K 
has  its  discrete  modulator  M-,  —  Mn  oscillator 

45  OSC,—  -OSCn,  and  amplifier  AMP,—  AMPn  so  as  to 
have  the  signal  generated  by  each  key  transmit- 
ted  simultaneously  to  the  terminal  piano. 

Fig.  34  is  an  embodiment  of  a  scanning  type  of 
single  channel  transmission  method,  in  which  the 

so  grounding  terminal  of  every  key  IC,—  Kn  as  shown 
in  Fig.  33  is  connected  in  series  to  a  switching 
transistor  Q,—  Qn,  and  then  the  outputs  of  all 
modulators  M,  —  Mn  are  connected  in  parallel.  The 
keys  IC|  —  Kn  and  the  corresponding  switches 

55  S,  —  Sn  are  operated  simultaneously  so  as  to 
trigger,  upon  the  key  K,  —  Kn  being  pushed  down- 
wards,  the  corresponding  M-,—  Mn  and 
OSCn  —  OSCn  and  to  have  the  string-percussing 
signal  passed  from  the  parallel  output  terminals 

60  to  T,  —  Tn  to  the  pre-amplifier,  and  to  the  coupled 
to  a  modulator  Mo  together  with  a  RF  signal 
generated  by  an  oscillator  OSCo  at  a  frequency 
fosco)  the  signal  is  then  amplified  and  transmitted. 
In  addition,  a  scanning  oscillator  at  a  scanning 

65  frequency  of  f0Sc  is  installed  to  furnish  scanning 
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In  brief,  the  aforesaid  signal  processing  method 

will  enable  the  said  piano  having  the  various 
novel  functions  and  a  "group"  rendition  mode 
which  are  to  be  described  later. 

5  For  example,  in  Fig.  36,  the  output  signal  of  the 
key  on  the  key-board  (1)  may  be  used  for  driving 
two  or  more  than  two  terminal  pianos  (74)  simul- 
taneously  by  means  of  the  various  transmission 
methods  illustrated  in  Fig.  29  to  34  (the  trans- 

10  mission  methods  illustrated  in  Fig.  29  and  30  are 
indicated  with  dotted  lines  in  said  Fig.  36). 

Fig.  37  is  a  further  mode  in  using  the  present 
invention,  which  includes  two  sets  of  key-boards 
and  two  pianos  arranged  abreast  of  two  "groups" 

15  of  terminal  pianos  (74)  (each  group  including 
more  than  one  terminal  piano);  underneath  the 
keys  of  each  key-board,  a  string-percussing  signal 
generator  (3)  is  installed,  and  each  terminal  piano 
(74)  is  furnished  with  the  string-percussing  means 

20  (6).  In  rendition,  the  combined  forte  point  genera- 
ted  by  the  two  terminal  pianos  arranged  abreast 
of  two  "groups"  of  terminal  pianos  may  generate 
a  linear  displacement  effect. 

The  system  shown  in  Fig.  38  comprises  four 
25  key-boards  and  four  terminal  pianos  or  four 

groups  of  terminal  pianos  (74)  arranged  in  four 
corners  or  a  square  or  rectangular  floor.  In  rendi- 
tion,  the  key-boards  may  be  applied  with  different 
percussing  strength  so  as  to  have  the  terminal 

30  pianos  (74)  in  four  corners  generate  a  combined 
forte  point  that  can  have  horizontal  and  vertical 
displacement  on  a  coordinate  plane  so  as  to 
obtain  a  four  channel  effect. 

Fig.  39  is  a  system  including  eight  terminal 
35  pianos  or  eight  groups  of  terminal  pianos  (74) 

arranged  in  the  corners  of  a  cubic  space  so  as  to 
receive  the  renditions  from  eight  key-boards  (not 
shown).  The  different  percussing  force  applied  to 
the  keyboards  will  generate  a  three  dimensional 

40  forte  point  displacement  in  a  given  fixed  point  in 
said  cubic  space  so  as  to  form  a  stereo  effect. 

The  aforesaid  stereo  effect  not  only  can  be 
obtained  by  means  of  separately,  playing  said 
two  or  more  than  two  sets  of  keyboards  to 

45  generate  a  variable  combined  forte  point,  but  also 
can  be  obtained  by  playing  a  single  keyboard 
which  is  installed  with  a  separate  forte  point 
control  means  to  control  the  string-percussing 
strength  of  every  terminal  piano  so  as  to  generate 

so  a  variable  displacement  of  the  combined  forte 
point. 

The  aforesaid  forte  point  control  means  may  be 
operated  manually  or  mechanically  so  as  to  have 
the  combined  forte  point  make  linear  displace- 

55  ment,  or  two-dimensional  displacement,  or  three- 
dimensional  displacement  (e.g.  using  handle,  or 
pedal,  or  other  type  of  control  means)  in  order  to 
proportionally  control  the  signal  transmitted  to 
the  various  string-percussing  systems  (or  the 

60  servo-string-percussing  system),  and  to  generate 
a  combined  forte  point  displacement  in  the 
various  terminal  pianos  (or  the  terminal  servo- 
pianos).  The  said  function  may  be  obtained  by 
means  of  the  control  mechanism  of  the  aforesaid 

65  control  means  being  coupled  to  an  analog  or 

signal  to  a  ring  counter,  of  which  the  output 
terminals  P,—  Pn  are  connected  respectively  to  the 
basis  of  Qt  —  Qn.  The  relationship  among  the 
aforesaid  frequencies  is:  f0Sci  >  fosc2  >  fosc3  •  •  • 
>  foSCn-1  >  foSCn  ar|d  foSCo  >  foSC1  >  foSCn  >  fpSC  > 
(fosci—  foscn  are  the  corresponding  frequencies  of 
the  oscillators  OSC^OSCn. 

In  addition  to  adding  a  resonant  circuit  LCo  (a 
resonant  frequency  FLCo  equal  to  fOSco)  in  tne 
front  portion  of  the  receiving  device  to  receive  the 
RF  of  Wo,  a  pre-amplifier  may  be  added,  if 
necessary,  before  connecting  to  the  parallel  ter- 
minal  of  the  resonant  circuit  LC,  —  LCn  that  are 
used  for  selecting  the  various  input  string-percus- 
sing  signals. 

Owing  to  the  presence  of  the  following  relation- 
ship: 

f|.Co  =  foSCo 

fi_ci  =  fosci 

f|-C2  =  foSC2 

fi.cn  foscn  a  signal  after  being  preamplified  and 
passing  through  the  resonant  circuit  LC,  —  LCn  for 
selecting  a  key  in  the  terminal  piano,  and  then 
passing  through  the  detector  and  amplifier  to 
couple  to  the  string  percussing  hammer  driving 
means  will  reflect,  with  its  amplitude,  the  same 
fingering  skill  of  the  player  at  the  primary  rendi- 
tion  piano.  The  relationship  among  the  signals  is 
illustrated  in  Fig.  35.  In  the  embodiments  shown 
in  Fig.  29,  to  33,  a  group  of  switches  S,  —  SN  may, 
if  necessary,  be  installed  in  the  keys  IC,  —  Kn  as 
shown  in  Fig.  34  so  as  to  turn  on  the  power  supply 
of  the  detector,  the  oscillator,  the  modulator,  or 
the  amplifier  to  generate  the  functions  thereof 
upon  the  key  being  pushed  down  in  order  to 
reduce  power  consumption. 

Moreover,  in  the  present  invention,  the  oper- 
ation  of  pedal  operated  manually  to  generate 
forte  and  pianissimo,  tremolo,  and  liaison  may 
also  be  sensed  and  converted  to  a  signal  by 
means  of  electro-mechanical  or  photocell  contact 
or  the  aforesaid  string-percussing  signal 
generator,  and  then  said  signal  will  be  transmit- 
ted  to  the  terminal  piano  by  means  of  the 
aforesaid  method  of  transmitting  the  string-per- 
cussing  signal.  The  driving  means  to  generate  the 
aforesaid  functions  in  the  terminal  piano  may  also 
be  selected  out  of  the  aforesaid  driving  means  to 
be  used  for  string-percussing  means.  Upon  trans- 
mitting  and  scanning,  the  said  signal  may  be 
encoded  and  processed  together  with  the  string- 
percussing  signals  of  the  keys,  but  the  driving 
means  in  the  terminal  piano  is  the  conventional 
mechanism  used  for  converting  the  aforesaid 
functions. 
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digital  sensing  means  (a  differential 
potentiometer  type,  or  an  induction  type  or  a 
photocell  type  as  shown  in  Fig.  3)  to  generate  a 
corresponding  signal  upon  said  control  means 
being  operated,  and  said  signal  is  then  coupled  5 
into  a  "distribution  circuit  of  string-percussing 
strength"  which  distribute  the  strength  suitably  to 
the  string-percussing  signal  coming  from  the 
single  set  of  key-board.  The  sensing  signal  after 
being  distributed  will  be  transmitted  to  the  string-  10 
percussing  hammer  driving  means  in  the  terminal 
pianos  so  as  to  generate  the  notes  having  differ- 
ent  strength  corresponding  to  the  strength  of 
signal  received  in  the  terminal  pianos.  Upon  the 
control  means  of  said  forte  point  being  con-  is 
tinuously  operated  in  various  modes,  the  com- 
bined  forte  point  formed  by  the  various  fortes  and 
pianissimos  of  various  terminal  pianos  will  gener- 
ate  a  linear  displacement,  two-dimensional  dis- 
placement,  or  three-dimensional  displacement.  20 

Fig.  40  is  a  distribution  circuit  of  string-percus- 
sing  strength  to  control  the  combined  forte  point 
make  in  linear  displacement.  In  that  circuit,  the 
input  terminals  of  the  two  amplifiers  AMPX+  and 
AMPX_  are  connected  respectively  to  the  output  25 
terminals  of  the  differential  potentiometer  type  of 
position  sensing  means  Vrx+  and  VRS_.  The  bases 
of  the  two  transistors  Qx+  and  Qx_  are  controlled 
respectively  with  said  AMPX+  and  AMpx_,  and  the 
collectors  of  said  transistors  being  connected  in  30 
parallel  are  coupled  to  the  parallel  output  ter- 
minals  of  the  string-percussing  signal  (for 
instance,  in  Fig.  34,  said  terminals  being  M,  —  Mn). 
In  operating  the  forte  point  control  means  (75)  the 
output  potential  of  the  potentiometers  VRX+  and  35 
VRX_  will  have  a  synchronous  but  reverse  increase 
or  decrease,  i.e.  upon  the  output  potential  of  VRX+ 
being  increased,  the  output  potential  of  VRX+ 
being  increased,  the  output  potential  of  VRX_  will 
simultaneously  be  decreased,  and  vice  versa.  The  40 
aforesaid  two  signal  with  different  potential  will 
be  amplified  respectively  through  said  two  ampli- 
fiers  being  coupled  to  the  bases  of  Qx+  and  Qx_  to 
control  the  conduction  state  of  the  transistors  so 
as  to  determine  the  output  distribution  ratio  of  the  45 
string-percussing  signal.  After  being  pro- 
portionally  distributed  the  string-percussing 
servo-signal  may  still,  through  the  two  output 
terminals  of  X+  and  X_  be  coupled  to  the  string- 
percusssing  signal  transmission  and  processing  so 
circuit  (4)  so  as  to  be  transmitted  to  the  various 
terminal  pianos  to  control  the  displacement  of  the 
combined  forte  point.  Fig.  41  is  a  system  block 
diagram  which  includes  two  terminal  pianos  or 
two  groups  of  terminal  pianos  arranged  abreast,  55 
and  the  aforesaid  forte  point  control  means,  and 
the  distribution  circuit  of  string-percussing 
strength  (46). 

Fig.  42  is  a  distribution  circuit  of  string-percus- 
sing  strength  to  control  the  combined  forte  point  60 
to  vary  within  a  two-dimensional  space. 

Fig.  43  is  a  system  block  diagram  including  said 
distribution  circuit  of  string-percussing  strength 
(47). 

As  to  the  distribution  circuit  of  string-percus-  65 

sing  strength  for  controlling  the  combined  forte 
point  displacement  in  a  three-dimensional  space, 
it  may  be  developed  by  analog  as  mentioned 
above. 

Referring  again  to  Fig.  1,  there  is  shown  a 
monitor  (2)  for  sensing  the  key  speed  and  the 
force  applied  to  the  key,  and  said  monitor  is 
installed  beside  the  primary  rendition  piano  so  as 
to  provide  the  beginner  or  pianist  with  reference. 
The  display  of  said  monitor  may  be  of  an  analog 
type  or  a  digital  type.  In  using  an  analog  type,  the 
analog  or  digital  output  signal  generated  by  the 
string-percussing  generator  will  directly,  or 
through  a  D/A  converter  be  coupled  into  a 
memory  oscilloscope,  which  will  display  the 
corresponding  waveform  of  the  player's  fingering 
skill  for  reference.  In  using  a  digital  type,  the 
display  means  will  have  the  aforesaid  data  dis- 
played  in  digits. 

Having  been  mentioned  above,  the  string-per- 
cussing  servo-driving  means  (6)  in  said  system 
can  drive  the  string-percussing  hammer  driving 
means  (27)  in  the  terminal  piano  (74)  by  using  an 
equivalent  analog  signal  or  a  series  of  digital 
signal  corresponding  to  the  volume,  the  speed 
and  the  tonality  of  the  output  signal  of  the  key- 
board  (1)  (or  discrete  key-board)  in  the  primary 
rendition  piano.  The  string  percussing  force  and 
speed  in  the  primary  rendition  piano  can  all  be 
divided  specifically  before  being  transmitted  into 
the  terminal"piano  as  a  servo-instruction;  there- 
fore,  the  terminal  piano  in  the  present  invention 
can  not  only  operate  upon  receiving  the  servo- 
instruction  transmitted  from  the  primary  rendi- 
tion  piano,  but  also  can  operate  upon  receiving 
the  digital  instruction  from  other  device,  such  as 
recording  and  playback  tape,  or  computer,  etc. 

As  shown  in  Fig.  1,  the  primary  rendition  piano 
or  the  terminal  piano  in  the  system  may  also  be 
installed  with  a  register  means  (8)  which  may  be  a 
recorder  tape,  a  magnetic  disc,  ROM,  RAM, 
EPROM,  an  optical,  a  magnetic  or  a  mechanical 
type  of  memory  means;  the  registered  signal  may 
be  transmitted  into  a  terminal  piano  having  the 
said  same  operational  function  for  retransmitting 
an  instruction  to  drive  the  string-percussing 
hammer  so  as  to  obtain  a  completely  same 
rendition  result  as  that  of  the  primary  rendition 
piano.  It  is  particularly  good  for  fidelity  when 
using  recorder  tape  as  the  register  means  and 
using  more  than  two  recording/playback  heads 
for  the  four  track  or  eight  track  recording  and 
playback.  The  system  not  only  can  provide 
remote  control  rendition  but  also  can  register  the 
primary  rendition  contents  for  simultaneous  or 
later  re-generating  rendition  at  different  place  and 
occasion  with  the  original  rendition  results. 

Further,  the  primary  rendition  piano  and  the 
terminal  piano  may  be  provided  with  an  auto- 
matic  string-timing  means,  which  comprises  a 
key-number  identification  circuit  of  string  tuning 
(48)  (as  a  monitor),  a  "LC"  resonant  circuit 
assembly  (49)  to  be  driven  with  micro-sound  and 
being  used  for  selecting  the  assembly  number,  a 
differential  amplification  and  driving  circuit  (50) 

10  . 
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manual  method  or  the  said  string-tuning  means 
to  control  the  string-tuning  motor  (51)  to  drive  a 
running  sleeve  for  tuning.  At  the  end  of  each  said 
resonant  leaf  spring  assembly  (54)  a  resonance- 
intensifying  metal  strip  may  be  installed.  Each  of 
said  resonant  leaf  springs  can  generate  a  fre- 
quency  same  as  that  of  scales  of  the  piano  so  as 
to  generate  mechanical  resonance  with  the 
various  scales  for  manual  tuning  reference. 

The  aforesaid  tuning  plate  may  be  coupled  with 
a  photocell  or  an  electro-magnetic  sensing  means 
so  as  to  sense  the  amplitude  of  resonant  tuning 
piate  during  percussing  the  string.  The  sensing 
signal  may  be  in  proportion  to  the  resonant 
amplitude  of  said  leaf  spring. 

In  the  transmission  signals  of  this  remote  con- 
trol  rendition  system,  a  string-calibration-instruc- 
tion  code  may  be  included,  and  is  to  be  transmit- 
ted  to  the  terminal  piano  for  calibration  of  the 
scales  by  means  of  said  automatic  string-tuning 
means  to  drive  the  string-tuning  motor  (51). 

The  arrangement  of  the  key-board  (1)  in  the 
present  invention  may  be  designed  into  the 
spaces  as  shown  in  Fig.  46,  47  and  48;  in  Fig.  46 
and  47  (front  view),  the  arrangement  shapes  of 
the  keys  (12)  are  designed  in  accordance  with  the 
requirements  of  human  engineering,  or  are 
designed  into  an  upward  convex  or  downward 
concave  in  accordance  with  the  players  con- 
ditions. 

Fig.  48  (a  top  view)  shows  the  key-board  being 
in  a  convex  shape  by  using  the  piano  body  as  a 
centre. 

Referring  to  Fig.  49,  there  is  shown  the  keys  (12) 
of  piano  being  arranged  in  a  matrix  shape,  in 
which  the  chromatic  scales  remain  at  the  original 
position.  In  the  matrix  arrangement,  the  keys  may 
be  arranged  in  separate  rows  in  accordance  with 
the  scale  or  the  "key  signature"  so  as  to  facilitate 
the  beginner  doing  practice.  Since  the  matrix 
shaped  key-board  has  wider  cross  section,  the 
percussing  scope  is  extended  horizontally.  Fur- 
ther,  said  key-board  may  be  designed  into  a 
slightly  slanting  position  towards  the  players 
face,  or  into  a  slightly  convex  or  concave  surface 
so  as  to  facilitate  the  player  moving  fingers 
quickly  and  accurately  to  the  key  in  horizontal 
direction. 

The  keys  to  be  used  in  this  system  may  be 
designed  into  a  convex  shape  over  the  often- 
touched  portion  as  shown  in  Fig.  50  so  as  to 
facilitate  the  players  finger  slipping  over  the  keys; 
the  keys  may  also  be  designed  into  a  concave 
shape  as  shown  in  Fig.  51  so  as  to  facilitate  the 
players  finger  slipping  over  the  keys  with  better 
accuracy. 

In  the  said  resonant  chamber,  one  or  more  than 
one  set  of  constant  temperature  and  humidity 
means  as  shown  in  Fig.  52  may  be  installed.  The 
said  constant  temperature  and  humidity  means 
includes  an  electric  heater  having  temperature 
setting  means  so  as  to  control  the  humidity  and 
an  electric  fan  to  circulate  the  air  in  the  resonant 
chamber.  Said  means  may  also  be  used  in 
general  piano. 

and  a  forward/reverse  rotation  driving  motor 
assembly  for  tuning  (in  the  Fig.  44,  only  showing 
a  motor  (51)  for  tuning  a  given  string.)  The  tuning 
theory  and  the  running  operation  are  described  as 
follows:  5 

In  tuning  a  given  string  (53)  push  manually  the 
key  corresponding  to  the  string,  and  the  string- 
percussing  hammer  (7)  coupled  to  said  string  will 
actuate  a  switch  (76)  which  will  have  an  external 
pulse  signal  representing  said  string  coupled  to  10 
the  key-number  identification  circuit  of  string 
tuning  (48)  which  may  be  made  of  a  micro- 
computer  or  other  appropriate  logic  circuit.  The 
identification  signal  is  coupled  to  the  key-number- 
identification  circuit  of  string  tuning  (48)  through  15 
a  sensing  means  (shown  in  Fig.  3(0)  installed  in 
the  key  to  be  tuned.  Upon  receiving  said  signal, 
the  identification  circuit  (48)  will  generate  a  corre- 
sponding  signal  to  turn  on  the  corresponding 
"LC"  resonant  circuit  so  as  to  be  driven  by  the  20 
string-percussing  audio  frequency  signal  of  said 
string  (53)  through  the  microphone  (52).  The 
values  of  "L"  and  "C"  in  said  resonant  circuit 
should  satisfy  the  resonant  requirement  under 
the  standard  frequency  of  string,  and  at  the  25 
correct  resonant  frequency  the  reactane  XL  =  Xc, 
i.e.  VXL  =  Vxo.  Now,  the  output  of  said  resonant  -  
circuit  will  pass  through  the  two  bridge  rectifiers 
Br1  and  Br2  and  two  optoisolators,  OPTO,  and 
OPTO2  respectively,  and  then  will  be  coupled  to  30 
the  differential  amplification  and  driving  circuit 
(50)  with  an  equal  signal  level;  consequently,  the 
string-tuning  motor  (51)  will  not  operate. 

In  case  of  the  signal  of  said  string  (53)  tuned 
being  coupled  through  said  microphone  (52)  35 
being  low  or  too  high,  variation  between  the  Xc 
and  XL  will  take  place,  and  the  output  of  the 
differential  amplification  and  driving  circuit  (50) 
will  charge  to  cause  a  given  string-tuning  motor 
(51)  (such  as  an  A.C.  or  D.C.  motor,  or  a  small  40 
stepper  motor)  to  operate  in  order  to  drive  a 
speed-reducing  element  to  adjust  the  tension  of 
the  steei  string  until  obtaining  a  correct  tune. 
Further,  between  the  axle  end  of  said  motor  (51) 
and  the  transmission  element,  a  brake  means  45 
driven  with  an  electro-magnetic  means  may  be 
installed'  so  as  to  the  stability  of  the  system.  In  the 
event  of  not  obtaining  the  correct  frequency  after 
the  first  tuning,  continue  to  play  the  key  related  to 
the  key  being  tuned  so  as  to  couple  the  string-  so 
tubing  signal  of  said  string  continuously  until 
obtaining  a  correct  frequency  and  the  pilot  light 
LED  going  out.  The  aforesaid  string-tuning  oper- 
ation  may  also  be  done  during  the  rendition  by 
means  of  the  string-percussing  signal  of  the  55 
primary  rendition  piano  or  the  terminal  piano 
directly  coupled  to  the  key-number-identification 
circuit  of  stiring  tuning  for  directly  and  auto- 
matically  tuning. 

In  addition  to  the  built-in  type,  said  string-  so 
tuning  means  may  be  a  discrete  and  automatic 
type  as  shown  in  Fig.  45,  in  which  a  resonant  leaf- 
spring  assembly  (54)  is  firmly  attached  to  a 
resonant  chamber  as  a  tuning  plate  to  test  the 
vibrating  frequency  of  every  string;  then,  use  a  65 
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control  the  string  percussing  strength  of  every 
terminal  piano  and  to  vary  the  degree  of  loudness 
and  to  obtain  a  stereo  effect. 

7.  A  system  according  to  Claim  1  characterised 
by  means  for  storing  the  percussing  signal  in  a 
computer  registering  device  (8)  for  subsequent 
transmission. 

8.  A  system  according  to  any  preceding  claim 
characterised  in  that  each  piano  (1  ;  74)  includes 
an  associated  resonant  chamber  having  a 
resonant  leaf  spring  assembly  mounted  therein 
for  measuring  the  frequency  of  vibration  of  each 
piano  string  whereby  tuning  of  each  piano  is 
monitored. 

9.  A  system  according  to  Claim  9  characterised 
by  a  temperature  and  humidity  control  device 
mounted  in  the  resonant  chamber  for  controlling 
the  temperature  and  humidity  of  each  piano. 

10.  A  system  according  to  Claim  1  characterised 
in  that  each  keyboard  is  arranged  in  the  form  of  a 
matrix. 

1  1  .  A  system  according  to  Claim  1  characterised 
in  that  each  key  of  the  control  keyboard  and  the 
keyboards  of  the  remotely  disposed  pianos  is 
convex  or  concave  at  the  most  frequently  touched 
portion. 

12.  A  system  according  to  Claim  1  characterised 
by  a  string  tuning  means  comprising  key  identifi- 
cation  circuit  (48),  an  LC  resonant  circuit  (49),  a 
differiented  amplification  and  driving  circuit  (50) 
and  a  forward/reverse  rotation  driving  motor 
assembly  for  tuning. 

Patentanspriiche 

1.  System  zurferngesteuerten  Betatigung  einer 
Mehrzahl  entfernt  angeordneter  Musikinstru- 
mente  (74)  gemaR  der  Betatigung  zumindest 
einer  Steuertastatur  (1)  mit  einer  Mehrzahl  von 
Tasten  (12),  einem  Signalgenerator  (3)  zum  Erzeu- 
gen  eines  Saitenanschlag-Signals,  einer 
Ubertragungseinrichtung  (4)  zum  Ubertragen  des 
Anschlag-Signals  zu  den  Musikinstrumenten  (74), 
von  denen  jedes  eine  Saitenanschlag-Anordnung 
mit  einem  jeder  Taste  (12)  zugeordneten  Treiber 
(6)  fur  einen  Saitenanschlag-Hammer  umfalSt, 
welcher  Treiber  (6)  gekoppelt  ist  an  einen  emp- 
fangerschaltkreis  (5)  zum  Empfang  des  Saitenan- 
schlag-Signals,  welches  die  Betatigung  des  Ham- 
mer-Treibers  (6)  und  damit  eines  Hammers  (7) 
steuert,  wobei  die  entfernt  angeordneten  Musi- 
kinstrumente  (74)  bei  Signalempfang  durch  ihre 
jeweiligen  Empfangerschaltkreise  (5)  betatigt 
werden,  um  einen  horbaren,  der  Betatigung  der 
Steuertastatur  (1)  entsprechenden  Klang  hervor- 
zubringen,  dadurch  gekennzeichnet,  dalS  die  ent- 
fernt  angeordneten  Musikinstrumente  (74)  Kla- 
viere  oder  einzelne  Tastaturen  sind,  jede  Taste 
(12)  der  Steuertastatur  (1)  mit  einer  Einrichtung 
zum  Erfassen  der  auf  die  jeweilige  Taste  ausgeiib- 
ten  Betatigungskraft  und  Spielgeschwindigkeit 
verbunden  ist,  der  Signalgenerator  (3)  ein  Saiten- 
anschlag-Signal  in  Form  eines  Analog-oder  Digi- 
talsignals  entsprechend  der  ausgeubten,  von  der 
Erfassungseinrichtung  erfalSten  Tasten  betati- 

Claims 

1.  A  system  for  remotely  controlling  operation 
of  a  plurality  of  remotely  disposed  musical  instru- 
ments  (74)  in  accordance  with  operation  of  at  5 
least  one  control  keyboard  (1)  which  includes  a 
plurality  of  keys  (12),  a  signal  genreator  (3)  for 
producing  a  string  percussing  signal,  trans- 
mission  (4)  for  transmitting  the  percussing  signal 
to  the  said  musical  instruments  (74)  each  of  which  to 
includes  a  string  percussing  arrangement  having 
a  string  percussing  hammer  driver  (6)  associated 
with  each  key  (12)  and  coupled  to  a  receiver 
circuit  (5)  for  receiving  the  string  percussing 
signal  which  controls  operation  of  the  hammer  15 
driver  (6)  and  therefore  a  hammer  (7);  whereby 
the  said  remotely  disposed  musical  instruments 
(74)  are  operated  upon  receipt  of  signals  by  their 
respective  receiver  circuits  (5)  to  produce  an 
audible  sound  corresponding  to  the  operation  of  20 
the  control  keyboard  (1),  characterised  in  that  the 
remotely  disposed  musical  instruments  (74)  are 
pianos  or  discrete  keyboards,  in  that  each  key  (12) 
of  the  control  keyboard  (1)  is  coupled  to  means 
for  sensing  the  force  employed  in  operating  the  25 
respective  key  and  the  speed  of  playing  the 
respective  key,  in  that  the  signal  generator  (3) 
produces  a  string  percussing  signal  in  the  form  of 
an  analog  or  digital  signal  corresponding  to  the 
said  force  and  the  said  speed  employed  in  oper-  30 
ating  a  key  and  sensed  by  sensing  means,  in  that 
the  remotely  disposed  musical  instruments  are 
operated  simultaneously  and  in  that  the  system 
includes  a  balance  circuit  (34)  for  varying  the 
relative  amplitudes  of  the  signals  fed  to  the  35 
respective  string  percussing  arrangements  of 
each  piano  or  discrete  keyboard. 

2.  A  system  according  to  Claim  1,  characterised 
in  that  each  remote  piano  or  keyboard  (74) 
includes  servo  control  means  having  a  feedback  40 
circuit  for  comparing  signals  corresponding  to 
actual  movements  of  the  string  percussing 
arrangement  with  signals  received  from  the  key- 
board. 

3.  A  system  according  to  any  preceding  claim,  45 
characterised  in  that  the  sensing  means  com- 
prises  a  plurality  of  coils  and  movable  core 
elements  (15,  16),  each  key  (12)  being  mechan- 
ically  coupled  to  the  sensing  means  to  produce 
relative  movement  between  a  respective  coil  and  50 
core  element. 

4.  A  system  according  to  any  preceding  claim 
characterised  in  that  the  signal  generator  includes 
means  for  generating  an  optical  (11a,  11b,  60)  or 
electronic  signal.  55 

5.  A  system  according  to  Claim  1  characterised 
in  that  the  transmission  means  is  a  transmission 
and  processing  circuit  in  a  wireless  transmission 
system  for  transmitting  a  signal  in  the  form  of 
electromagnetic  waves.  so 

6.  A  system  according  to  any  preceding  claim 
characterised  in  that  one  piano  (1)  or  the  discrete 
keyboard  (74)  includes  a  "forte  point  control 
means"  adjacent  the  keyboard  of  the  said  piano 
or  the  said  discrete  keyboard  so  as  to  manually  65 
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viere  an  der  am  haufigsten  beruhrten  Stelle  kon- 
vex  oder  konkav  ist. 

12.  System  nach  Anspruch  1,  gekennzeichnet 
durch  eine  Saitenstimmeinrichtung  mit  einem 
Schaltkreis  (48)  zur  Tasten-ldentifizierung,  einem 
LC-Resonanzkreis  (49),  einem  Differenz- 
verstarker-  und  Treiber-Schaltkreis  (50)  und 
einer  Antreibsmotoranordnung  fur  Vorwarts/ 
Riickwarts-Drehen  zum  Stimmen. 

Revendications 

1.  Dispositif  de  commande  a  distance  d'un  ou 
de  plusieurs  instruments  de  musique  (74)  places 
a  distance,  a  I'aide  d'au  moins  un  clavier  de 
commande  (1)  qui  comprend  une  pluralite  de 
touches  (12),  un  generateur  de  signaux  (3)  deli- 
vrant  un  signal  de  percussion  des  cordes,  une 
trasmission  (4)  pour  transmettre  le  signal  de 
percussion  vers  lesdits  instruments  de  musique 
(74),  chaque  instrument  comprenant  un  disposi- 
tif  de  percussion  des  cordes  avec  un  moyen 
d'entrainement  (6)  du  marteau  de  percussion 
des  cordes  associe  a  chaque  touche  (12)  et  cou- 
ple  a  un  circuit  de  reception  (5)  pour  recevoir  ie 
signal  de  percussion  des  cordes  qui  commande 
le  fonctionnement  du  moyen  d'entratnement  du 
marteau  (6)  et  un  marteau  (7);  dans  lequel  les- 
dits  instruments  de  musique  (74)  places  a  dis- 
tance  sont  actives  des  que  les  signaux  ont  ete 
re?us  par  leurs  circuits  de  reception  respectifs 
(5)  pour  produire  un  son  audible  correspondant 
au  fonctionnement  du  clavier  de  commande  (1), 
caracterise  en  ce  que  lesdits  instruments  de 
musique  (74)  disposes  a  distance  sont  des  pia- 
nos  ou  des  claviers  discrets,  en  ce  que  chaque 
touche  (12)  du  clavier  de  commande  (1)  est 
couplee  a  des  moyens  de  detection  de  I'effort 
qu'elle  subit  et  de  la  vitesse  de  jeu,  en  ce  que  le 
generateur  de  signaux  (3)  delivre  un  signal  de 
percussion  des  cordes,  sous  forme  analogique 
ou  numerique  correspondant  a  ladite  force  et  a 
ladite  vitesse  employees  pour  actionner  une 
touche  et  detecte  par  les  moyens  de  detection, 
en  ce  que  les  instruments  de  musique  places  a 
distance  sont  actives  simultanement  et  en  ce 
que  ledit  dispositif  comprend  un  circuit  d'equili- 
brage  (34)  pour  modifier  les  amplitudes  des 
signaux  rec.us  par  les  dispositifs  respectifs  de 
percussion  des  cordes  de  chaque  piano  ou  cla- 
vier  discret. 

2.  Dispositif  selon  la  revendication  1,  caracte- 
rise  en  ce  que  chaque  piano  distant  ou  clavier 
(74)  comporte  des  moyens  d'asservissement 
avec  un  circuit  de  retroaction  pour  comparer  les 
signaux  correspondant  aux  deplacements  effec- 
tifs  des  dispositifs  de  percussion  des  cordes 
avec  ceux  issus  de  clavier. 

3.  Dispositif  selon  I'une  quelconque  des 
revendications  precedentes,  caracterise  en  ce 
que  les  moyens  de  detection  comprennent  un 
ensemble  de  bobines  et  d'elements  de  moyaux 
mobiles  (15,  16),  chaque  touche  (12)  etant  meca- 
niquement  couplee  aux  moyens  de  detection 
pour  engendrer  un  mouvement  relatif  entre  une 

gungs-Kraft  und  Tastenbetatigungs-Geschwin- 
digkeit  erzeugt,  die  entfernt  angeordneten 
Musikinstrumente  (74)  gleichzeitig  betatigt 
werden  und  das  System  einen  Balance-Schalt- 
kreis  (34)  zum  Variieren  der  relativen  Amplitu-  5 
den  der  Signale,  die  den  jeweiligen  Saiten- 
anschlag-Anordnungen  jedes  Klaviers  oder  jeder 
Einzeltastatur  zugeleitet  werden,  umfafSt. 

2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  jedes  entfernte  Klavier  oder  jede  10 
entfernte  Tastatur  (74)  eine  Servoregelung  mit 
einem  Ruckkopplungskreis  zum  Vergleich  von 
Bewegungs-lstwerten  der  Saitenanschlag-Anord- 
nung  entsprechenden  Signalen  mit  aus  der  Tas- 
tatur  empfangenen  Signalen  aufweist.  15 

3.  System  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  dalS  die 
Erfassungseinrichtung  ein  Mehrzahl  von  Spulen 
und  beweglichen  Kerneiementen  (15,  16)  auf- 
weist  und  jede  Tate  (12)  mechanisch  an  die  20. 
Erfassungseinrichtung  gekoppelt  ist,  urn  jeweils 
zwischen  einer  Spule  und  einem  Kernelement 
eine  Relativbewegung  zu  erzeugen. 

4.  System  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  daS  der  25 
Signalgenerator  eine  Einrichtung  zum  Erzeugen 
eines  optischen  (11a,  11b,  60)  oder  elektroni- 
schen  Signals  aufweist. 

5.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  die  Ubertragungseinrichtung  ein  30 
Ubertragungs-  und  Verarbeitungs-Schaltkreis  in 
einem  drahtlosen  Ubertragungssystem  zum 
Ubertragen  eines  Signals  in  Form  elektro- 
magnetischer  Wellen  ist. 

6.  System  nach  einem  der  vorhergehenden  35 
Anspruche,  dadurch  gekennzeichnet,  dalS  ein 
Klavier  (1)  oder  die  Einzeltastatur  (74)  benach- 
bart  zur  Klavier-  bzw.  Einzeltastatur  eine  Steuer- 
einrichtung  fur  einen  Forte-Einsatzpunkt  umfaBt, 
urn  manuell  die  Saitenanschlag-Starke  jedes  40 
entfernten  Klaviers  zu  steuern,  den  Lautstarke- 
grad  zu  variieren  und  eine  Stereo-Wirkung  zu 
erzielen. 

7.  System  nach  Anspruch  1,  gekennzeichnet 
durch  eine  Einrichtung  zum  Speichem  des  45 
Anschlag-Signals  in  einem  Computer-Speicher- 
gerat  (8)  fur  eine  nachfolgende  Ubertragung. 

8.  System  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  dalS  jedes 
Klavier  (1;  74)  eine  zugehorige  Resonanzkam-  so 
mer  mit  einer  darin  angeordneten  resonieren- 
den  Blattfeder-Anordnung  zum  Messen  der 
Schwingungsfrequenz  jeder  Klaviersaite  und  zur 
Kontrolle  des  Stimmens  jedes  Klaviers  umfalSt. 

9.  System  nach  Anspruch  9,  gekennzeichnet  55 
durch  ein  in  der  Resonanzkammer  angeordnetes 
Temperatur-  und  Feuchtigkeits-Steuergerat  zum 
Steuern  der  Temperatur  und  Feuchtigkeit  jedes 
Klaviers. 

10.  System  nach  Anspruch  1,  dadurch  gekenn-  60 
zeichnet,  dalS  jede  Tastatur  in  Form  einer  Matrix 
angeordnet  ist. 

11.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daS  jede  Taste  der  Steuertastatur  und 
der  Tastaturen  der  entfernt  angeordneten  Kla-  65 
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bobine  et  un  element  de  noyau  respectifs. 
4.  Dispositif  selon  Tune  quelconque  des  reven- 

dications  precedentes,  caracterise  en  ce  que  le 
generateur  de  signaux  comporte  des  moyens 
d'emission  d'une  signal  optique  (11a,  11b,  60)  ou  5 
electronique. 

5.  Dispositif  selon  !a  revendication  1,  caracte- 
rise  en  ce  que  les  moyens  de  transmission  sont 
constitues  par  un  circuit  de  traitement  et  de 
transmission  monte  sur  un  dispositif  de  transmis-  10 
sion  sans  fil  pour  transmettre  un  signal  sous 
forme  d'ondes  electromagnetiques. 

6.  Dispositif  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  un 
piano  (1)  ou  le  clavier  discret  (74)  comprend  des  15 
"moyens  de  commande  d'un  point  forte"  dis- 
poses  a  proximite  du  clavier  dudit  piano  ou  dudit 
clavier  discret  afin  d'assurer  la  commande 
manuelle  de  la  force  de  percussion  des  cordes  de 
chaque  piano  terminal  et  de  faire  varier  le  volume  20 
sonore  pour  obtenir  un  effet  stereophonique. 

7.  Dispositif  selon  la  revendication  1,  caracte- 
rise  en  ce  qu'il  comprend  des  moyens  de 
stockage  du  signal  de  percussion  dans  un  disposi- 
tif  d'enregistrement  electronique  (8)  en  vue  de  sa  25 
retransmission  ulterieure. 

8.  Dispositif  selon  I'une  quelconque  des  reven- 

dications  precedentes,  caracterise  en  ce  que  cha- 
que  piano  (1,  74)  est  pourvu  d'une  caisse  de 
resonance  equipee  d'un  ensemble  ressort  a  lame 
resonant  destine  a  mesurer  la  frequence  de  la 
vibration  de  chaque  corde  de  piano  et  permettre 
I'accord  de  chaque  piano. 

9.  Dispositif  selon  la  revendication  8,  caracte- 
rise  en  ce  qu'il  comprend  un  dispositif  de  controle 
de  la  temperature  et  de  I'humidite  monte  dans  la 
caisse  de  resonance  pour  reguler  la  temperature 
et  I'humidite  de  chaque  piano. 

10.  Dispositif  selon  la  revendication  1,  caracte- 
rise  en  ce  que  chaque  clavier  est  en  forme  de 
matrice. 

11.  Dispositif  selon  la  revendication  1,  caracte- 
rise  en  ce  que  chaque  touche  du  clavier  de 
commande  et  des  claviers  des  pianos  disposes  a 
distance  est  convexe  ou  concave  en  sa  partie  la 
plus  frequemment  sollicitee. 

12.  Dispositif  selon  la  revendication  1,  caracte- 
rise  par  des  moyens  d'accord  des  cordes  compre- 
nant  un  circuit  d'identification  des  touches  (48), 
un  circuit  resonant  LC  (49),  une  amplification 
differenciee  et  un  circuit  d'entratnement  (50)  et  un 
ensemble  moteur  d'entraTnement  rotatif  avant/ 
arriere. 
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