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Description 

The  present  invention  relates  to  a  multi-channel 
electrostatic  sensor  apparatus  comprising  a  plurality 
of  parallel  channels  each  including  a  sensor  circuit 
which  is  responsive  to  the  change  of  an  exterior  ca- 
pacitance  for  outputting  a  detection  signal  represent- 
ing  the  change  of  the  exterior  capacitance. 

A  conventional  electrostatic  sensor  uses  a  tank 
circuit  having  an  exterior  capacitance  in  its  resonance 
circuit,  thus  providing  an  output  signal  whose  fre- 
quency  varies  with  the  change  of  the  exterior  capac- 
itance.  This  conventional  electrostatic  sensor  is  of 
low  sensitivity,  and  therefore  recently  electrostatic 
sensors  have  been  popular  because  of  their  relatively 
high  sensitivity.  U.S.Patent  No.  4528655  describes 
electrostatic  sensors  using  a  resonance  circuit  whose 
resonant  frequency  is  somewhat  different  from  the 
oscillation  frequency  of  an  associated  oscillator,  and 
the  capacitance  of  the  resonance  circuit  is  allowed  to 
vary,  thereby  providing  an  amplitude-modulated  sig- 
nal.  As  shown  in  Fig.  1  of  the  present  application,  such 
an  arrangement  comprises  oscillator  circuit  1, 

resonance  circuit  2,  capacitance  detector  cir- 
cuit  3,  detection  circuit  4  and  amplifier  5.  The  resona- 
tor  of  oscillator  circuit  1  has  a  fixed  oscillation  fre- 
quency  f1  ,  whereas  the  resonance  circuit  2  has  a  res- 
onant  frequency  fo  somewhat  different  from  oscilla- 
tion  frequency  f1,  as  seen  from  Fig.2.  The  resonant 
frequency  fo  is  allowed  to  change  by  Af  in  response 
to  the  change  AC  in  a  very  small  capacitance  when 
detected  by  detector  3,  thereby  permitting  conversion 
of  the  change  AC  in  the  very  small  capacitance  into 
corresponding  voltage  changen  AV.  which  is  ampli- 
fied  and  derived. 

There  is  a  demand  for  detecting  the  change  in 
each  of  a  plurality  of  capacitances  and  processing  a 
corresponding  plurality  of  detection  signals  in  differ- 
ent  ways.  For  instance,  a  plurality  of  electrostatic  sen- 
sors  may  be  used  simultaneously  to  detect  video  sig- 
nals  from  a  plurality  of  disks  in  a  video  system,  and  a 
corresponding  plurality  of  signals  thus  detected  sub- 
jected  to  parallel  processing.  In  an  attempt  to  carry- 
out  such  parallel  processing  a  parallel  arrangement  of 
series  connections  each  comprising  oscillator  1  ,  res- 
onance  circuit  2,  detection  circuit  4  and  amplifier  5 
may  be  used. 
Assume  that  the  oscillation  frequency  of  oscillator  is 
as  high  as  1  GHz,  and  that  capacitance  increment  is 
detected  at  the  sensitivity  of  1x1  Ch5  PF.  Exterior  dis- 
turbance  and  stray  capacitances  which  are  liable  to 
appear  in  the  electrostatic  sensor  circuit  included  in 
each  channel,  however,  will  make  it  difficult  for  each 
sensor  circuit  to  have  the  same  oscillation  frequency. 
Oscillation  frequency  difference  between  adjacent 
channels  causes  mutual  interference  such  as  a  beat 
frequency  between  the  oscillation  frequencies  of  the 
channels.  For  instance,  assume  that  the  oscillation 

frequency  of  a  selected  channel  is  "f  ,  and  that  the  os- 
cillation  frequency  of  an  adjacent  channel  is  "F". 
Then,  interference  will  be  caused  in  the  form  of  a  beat 
frequency  of  F-f  or  F+f,  adversely  reducing  the  S/N  ra- 

5  tio  to  prevent  correct  signal  processing. 
The  oscillation  frequency  of  oscillation  circuit  1  is 

selected  to  be  1  GHz,  and  the  oscillation  frequencies 
of  adjacent  channels  can  be  selected  to  be  sufficient- 
ly  different  to  prevent  mutual  interference  between 

10  the  oscillation  frequencies.  It  is,  however,  difficult  to 
prevent  the  oscillation  frequencies  of  adjacent  chan- 
nels  producing  beat  frequencies  when  there  is  a  plur- 
ality  of  channels  and  the  difficulty  will  increase  with 
the  number  of  channels.  Very  complicated  production 

15  work  is  required  to  reduce  the  interference  trouble 
with  recourse  to  this  remedy. 

In  orderto  eliminate  such  complicated  production 
work  the  inventors  proposed  that  a  single  oscillation 
circuit  1  is  used  by  all  channels  in  common.  Specifi- 

20  cally,  a  single  oscillation  circuit  distributes  its  oscilla- 
tion  frequency  signal  to  the  resonance  circuit  of  asso- 
ciated  channels.  Such  an  arrangement  is  shown  also 
in  the  Patent  Abstracts  of  Japan,  vol.  9,  No.  177,  dat- 
ed  23rd  July  1985,  at  page  375.  Here  is  disclosed  an 

25  Electric  Field  Type  Human  Body  Detector  in  which 
each  of  a  plurality  of  separate  oscillation  circuits  (12a, 
12b,  12c)  is  connected  directly  to  an  external  oscilla- 
tor  (11)  and  arranged  to  oscillate  in  synchronism  with 
it.  This  proposed  apparatus  works  well  so  far  as  every 

30  channel  is  fixed  and  stationary.  However,  assume 
that  the  video  head  of  the  video  system  includes  the 
channel  comprising  a  series  connection  of  resonant 
circuit  2  to  amplifier  5  and  moves  on  the  video  disk  of 
the  video  system,  and  is  connected  to  the  resonance 

35  circuits  2  of  all  channels  via  cable  or  other  conduc- 
tors. 
If  the  cables  are  insufficiently  flexible,  movement  of 
the  video  head  will  be  adversely  affected  to  lower  the 
video  head's  capability  of  detecting  video  signals.  For 

40  the  transmission  of  high  frequency  signals,  coaxial 
cables  are  preferably  used,  but  such  coaxial  cables 
are  so  heavy  and  inflexible  that  these  cables,  in  fact, 
cannot  be  used.  In  an  attempt  to  facilitate  movement 
of  the  video  head,  shielded  soft  copper  wires  may  be 

45  used.  The  wires,  however,  will  change  their  shape  as 
the  video  head  moves  on  the  disk,  and  accordingly 
the  stray  capacitance  and  impedance  of  the  wires  will 
change,  thus  reducing  the  amplitude  of  oscillation 
signals  and  causing  distortion  of  the  waveforms  of  os- 

50  cillation  signals.  As  a  result  very  small  changes  in  ca- 
pacitance  cannot  be  detected.  In  an  atttempt  to  pre- 
vent  the  lowering  of  the  oscillation  signal  an  amplifier 
may  be  used  to  compensate  for  the  reduction  of  the 
amplitude  of  oscillation  signals.  The  use  of  such  an 

55  extra  amplifier,  however,  will  cause  undesired  oscil- 
lation  between  oscillation  circuit  1  and  resonance  cir- 
cuit  2,  reducing  the  stability  of  the  capacitance  detec- 
tion  system. 

2 
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In  view  of  the  above,  one  object  of  the  present  in- 
vention  is  to  provide  a  high  sensitivity,  multi-channel 
electrostatic  sensor  apparatus  which  is  free  of  beat 
signals  between  adjacent  channels,  and  attenuation 
of  oscillation  signals  from  an  associated  oscillator, 
which  attenuation  will  adversely  affect  the  perfor- 
mance  of  the  whole  apparatus. 

In  order  to  achieve  this  object  a  multi-channel 
electrostatic  sensor  apparatus  according  to  the  pres- 
ent  invention  is  defined  in  claim  1. 

In  operation  the  oscillation  signal  is  supplied  from 
the  main  oscillator  circuit  to  the  sub-oscillator  circuit 
of  each  channel,  which  generates  a  sub-frequency 
signal  of  the  same  frequency  as  the  main  oscillation 
circuit  generates  or  of  a  multiple  of  the  main  oscilla- 
tion  circuit  frequency. 
This  sub-frequency  signal  is  applied  to  an  associated 
resonance  circuit,  which  varies  its  resonance  point 
with  the  change  in  an  exterior  capacitance  for  provid- 
ing  a  detection  signal  representing  the  change  in  the 
exterior  capacitance.  The  detection  signal  is  detected 
and  amplified  in  each  channel,  and  then  it  will  be  sub- 
jected  to  signal  processing  as  desired. 

Multi-channel  electrostatic  sensor  apparatus  ac- 
cording  to  the  invention  will  now  be  described  with  ref- 
erence  to  the  accompanying  drawings,  in  which  :- 

Fig.  1  is  a  block  diagram  representing  a  conven- 
tional  electrostatic  sensor  apparatus; 
Fig.2  shows  how  a  very  small  capacitance  can  be 
detected  in  the  electrostatic  sensor; 
Fig.  3  is  a  block  diagram  representing  a  multi- 
channel  electrostatic  sensor  apparatus  accord- 
ing  to  the  present  invention; 
Fig.4  shows  some  details  of  a  single  channel  in 
the  multi-channel  electrostatic  sensor  apparatus 
according  to  the  present  invention;  and 
Fig.  5  shows  diagrammatically  the  connection  be- 
tween  the  main  oscillation  circuit  and  each  of  the 
sub-oscillation  circuits. 
A  multi-channel  electrostatic  sensor  apparatus 

according  to  one  embodiment  of  the  present  invention 
will  be  described  with  reference  to  Fig.  3  to  5.  As 
shown  in  these  drawings,  it  comprises  main  oscilla- 
tion  circuit  100  and  a  plurality  of  electrostatic  sensor 
circuit  13  each  comprising  pull-in  type  sub-oscillation 
circuit  18,  resonance  circuit  2,  detection  circuit  4,  ca- 
pacitance  detector  1  1  ,  amplifier  circuit  5  and  AFC  cir- 
cuit  8.  These  capacitance  sensor  circuits  13  are  con- 
nected  to  main  oscillation  circuit  100  in  common. 

As  seen  from  Fig.4,  main  oscillation  circuit  100 
uses  a  dielectric  resonator  such  as  a  ceramic  resona- 
tor  1  0  which  is  capable  of  generating  a  fixed  main  fre- 
quency  signal  between  a  very  high  frequency  and  a 
super-high  frequency  in  the  range  from  1  to  1/50 
times  the  oscillation  signal  of  pull-in  type  oscillator 
1  8.  The  dielectric  resonator  is  preferably  used,  for  re- 
ducing  the  size  of  main  oscillation  circuit.  The  main 
frequency  signal  is  supplied  to  sub-oscillation  circuit 

1  8  after  passing  through  high-impedance  conversion 
circuit  6.  Sub-oscillation  circuit  18  is  a  pull-in  type  os- 
cillation  circuit  which  can  be  put  in  synchronization 
with  main  oscillation  circuit  100,  providing  a  sub-os- 

5  cillation  signal  whose  frequency  is  equal  to  the  main 
oscillation  signal  or  a  multiple  of  the  frequency  of  the 
main  oscillation  signal.  This  sub-oscillation  signal  is 
applied  to  resonance  circuit  2.  Resonance  circuit  2 
comprises  a  ceramic  resonator  12,  which  is  separated 

10  or  independent  from  ceramic  resonator  1  0  of  main  os- 
cillation  circuit  100  and  the  resonator  of  sub-oscilla- 
tion  circuit  1  8.  Capacitance  detector  1  1  includes  a  sty- 
lus  (which  might  be  substituted  by  an  electrode  or 
other  device)  to  detect  any  change  in  a  capacitance. 

15  Detection  circuit  4  is  connected  to  ceramic  reso- 
nator  12  via  coupling  capacitor  25.  Detection  circuit  4 
comprises  inductance  element  21,  diode  22,  capaci- 
tor  23  and  resistor  24.  The  output  signal  from  reso- 
nance  circuit  2  is  applied  to  detection  circuit  4  via  cou- 

20  pling  capacitor  25.  Diode  22,  capacitor  23  and  resistor 
24  together  constitute  the  detection  section  of  detec- 
tor  circuit  4.  The  detection  section  performs  the  en- 
velope  detection  of  the  high-frequency  signal  from 
resonance  circuit  2  to  convert  to  a  relatively  low  fre- 

25  quency  signal,  which  is  comparable  to  the  signal  from 
the  object  under  test.  Inductance  element  21  is  con- 
nected  to  the  anode  of  diode  22,  thereby  preventing 
the  relatively  low  forward  impedance  of  diode  22  from 
functioning  to  the  "Q"  of  resonance  circuit  2.  Specif- 

30  ically,  capacitor  25  and  inductance  element  21  togeth- 
er  constitute  a  high-impedance  circuit  to  prevent  the 
lowering  of  the  "Q"  of  resonance  circuit  2. 

Amplifier  5  is  composed  of  transistor  27,  resis- 
tors  and  other  elements,  and  amplifier  5  amplifies  the 

35  signal  from  detection  circuit4  before  applying  to  a  sig- 
nal  processing  circuit  (not  shown)  and  to  AFC  circuit 
8. 

AFC  circuit  8  is  composed  of  operational  amplifi- 
er  28,  capacitors  29,30,  variable  resistor  31  ,  resistors 

40  32,35,  variable  capacitance  diode  33,  and  coupling 
capacitor  34.  The  negative-side  input  terminal  of  op- 
erational  amplifier  28  is  connected  to  the  output  ter- 
minal  of  amplifier  5  whereas  the  positive-side  input 
terminal  of  operational  amplifier  28  is  connected  to 

45  the  slider  contact  of  variable  resistor  31.  Capacitor  29 
is  connected  between  the  negative-side  input  termi- 
nal  of  operational  amplifier  28  and  the  output  terminal 
thereof.  One  electrode  of  capactor  30  is  connected  to 
the  output  terminal  of  operational  amplifier  28,  and 

so  the  other  electrode  of  capacitor  30  is  grounded.  The 
output  terminal  of  operational  amplifier  28  is  connect- 
ed  to  the  output  terminal  of  resonance  circuit  2  via  re- 
sistors  32,  35  and  coupling  capacitor  34.  The  cathode 
of  variable  capacitance  diode  33  is  connected  be- 

55  tween  coupling  capacitor  34  and  resistor  35  whereas 
the  anode  of  variable  capacitance  diode  33  is  ground- 
ed. 

Operational  amplifier  28  of  AFC  circuit  8  ampli- 

3 
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f  ies  the  signal  from  amplifier  5.  The  signal  appearing 
at  the  output  terminal  of  operational  amplifier  28  is 
smoothed  and  integrated  by  the  capacitor  29  and  be- 
comes  nearly  a  direct  current  signal  having  a  low  fre- 
quency.  The  signal  will  pass  through  an  integrator  cir- 
cuit  made  up  by  capacitor  30  and  resistor  32  to  be  in- 
tegrated  before  applied  to  variable  capacitance  diode 
33. 

Variable  capacitance  diode  33  is  biased  in  nega- 
tive  direction.  In  this  particular  embodiment  a  12  volt 
power  supply  it  used,  and  6V  or  more  bias  voltage  is 
applied  to  variable  capacitance  diode  33,  the  operat- 
ing  point  of  the  diode  33  being  put  thereby  at  a  low 
negative  bias  voltage  in  accordance  with  the  zero  vol- 
tage.  The  voltage  applied  to  variable  capacitance  di- 
ode  33  can  be  adjusted  to  a  dc  level  by  moving  the 
slidable  contact  on  the  resistor  31  .  In  other  words,  the 
central  operating  point  of  the  AFC  circuit  can  be  set 
as  desired.  Variable  capacitance  diode  33  is  respon- 
sive  to  the  voltage  signal  from  the  integrator  circuit  for 
changing  its  capacitance,  and  then  the  change  in  the 
capacitance  will  affect  resonance  circuit  2  through 
coupling  condenser  34,  thus  causing  the  resonant 
frequency  of  resonance  circuit  2  to  vary.  Assume  that 
the  resonant  frequency  of  resonance  circuit  2  is 
caused  to  shift  rightward  from  "fo"  for  any  reason,  as 
seen  from  Fig.  2.  Then,  disadvantageously,  the  signal 
appearing  at  the  output  terminal  of  resonance  circuit 
2  will  fall  below  Vo  out  of  the  Vo-to-V1  range.  In  such 
case  AFC  signal  is  applied  to  resonance  circuit  2, 
thereby  automatically  shifting  the  resonant  frequen- 
cy  fo  leftward  to  prevent  the  signal  appearing  at  the 
output  terminal  of  resonance  circuit  2  from  departing 
from  the  Vo-to-V1  range.  In  this  sense  AFC  unit  func- 
tions  as  an  AGC  (Automatic  Gain  Control)  unit.  In  Fig. 
4,  the  symbol  V  is  used  to  indicate  grounding. 

A  plurality  of  sensor  circuits  13-1  to  13-n  are  con- 
nected  to  main  oscillation  circuit  V.  The  main  oscilla- 
tion  of  high  frequency  is  connected  to  sub-oscillation 
circuits  18-1  to  18-n.  A  multi-channel  electrostatic 
sensor  apparatus  according  to  the  present  invention 
can  be  provided  on  a  single  circuit  board  as  a  whole. 
However,  if  it  is  used  in  detecting  video  signals  from 
a  video  system  equipped  with  a  plurality  of  disks, 
each  sensor  channel  13-1  to  13-n  of  the  multi-channel 
electrostatic  sensor  apparatus  may  be  fixed  to  each 
corresponding  video  head  of  the  video  system,  and 
the  main  oscillation  circuit  100  is  commonly  arranged 
for  all  sensor  channels,  and  is  connected  thereto  via 
the  distributer  of  high-frequency  gyrator  1  5  and  asso- 
ciated  conductors.  Specifically,  the  main  oscillation 
signal  is  distributed  to  "n"  sensor  circuits  13-1  to  13- 
n  by  high-frequency  gyrator  15  and  the  main  oscilla- 
tion  signal  is  supplied  to  the  sub-oscillation  circuit  18 
of  each  sensor  circuit  via  semi-rigid  coaxial  cables  or 
waveguides  16  and  flexible  shielded  wire  19,  as  seen 
from  Fig.  5.  Signals  appearing  at  the  output  terminals 
of  amplifiers  5-1  to  5-n  of  sensor  circuits  13-1  to  13- 

n  may  be  subjected  to  parallel  processing.  Some- 
times,  these  output  signals  may  be  divided  in  pairs, 
and  differential  output  between  each  pair  is  subjected 
to  a  desired  processing. 

5  The  operation  of  a  multi-channel  electrostatic 
sensor  apparatus  according  to  the  present  invention 
will  be  described  as  follows: 

As  seen  from  Fig.2,  sub-oscillation  frequency  f1 
of  each  sub-oscillation  circuit  18-1  to  18-n  is  set 

10  somewhat  apart  from  the  resonant  frequency  fo  of 
each  resonance  circuit  2.  Main  oscillation  circuit  100 
generates  main  frequency  signal  at  the  frequency  of 
1  GHz.  Then,  each  sub-oscillation  circuit  18-1  to  18- 
n  is  put  in  synchronism  with  the  main  oscillatin  signal 

15  of  1  GHz  at  the  ratio  1-to-1  to  1-to-N  to  generate  a 
sub-oscillation  signal,  for  instance,  at  the  same  fre- 
quency  as  the  main  oscillation  signal  (1  GHz).  When 
objects  14-1  to  14-n  move,  very  small  capacitance  in- 
crements  or  changes  will  be  caused  to  be  detected  by 

20  styluses  17-1  to  17-n  of  detection  sections  11-1  to  11- 
n  with  the  result  that  the  operating  point  or  resonant 
point  of  resonant  circuits  2-1  to  2-n  change  by  Af-1  to 
Af-n.  In  the  first  sensor  circuit  13-1  sub-oscillation  sig- 
nal  f1  is  multiplied  by  the  resonant  frequency  incre- 

25  ment  Af-1  ,  and  in  the  second  sensor  circuit  13-2  sub- 
oscillation  signal  f1  is  multiplied  by  the  resonant  fre- 
quency  increment  Af-2,  and  so  forth,  thus  obtaining 
amplitude-modulated  signals.  In  this  particular  em- 
bodiment  the  main  and  sub-oscillation  signals  have  a 

30  super-high  frequency  such  as  1  GHz,  and  then,  the 
modulated  signal  in  each  sensor  channel  has  a  super- 
high  frequency  varying  about  the  center  frequency  of 
1  GHz  in  the  range  corresponding  to  movement  of  ob- 
jects  14-1  to  14-n  and  such  super-high  frequency  sig- 

35  nals  are  applied  to  corresponding  detection  circuits  4- 
1  to4-n  in  which  these  signals  are  subjected  to  envel- 
ope  detection,  thus  being  converted  to  signals  in  the 
signals  range  of  objects  14-1  to  14-n  8  (in  this  partic- 
ular  embodiment,  3MHz).  The  signals  thus  coverted 

40  are  amplified  by  amplifiers  5-1  to  5-n  to  be  directed 
to  signal  processing  circuits  (not  shown)  and  to  AFC 
circuits  8-1  to8-n.  In  AFC  circuits  8-1  to  8-n  these  sig- 
nals  are  reduced  to  nearly  dc  level  by  a  smoothing  ef- 
fect  provided  by  capacitors  29  and  30,  and  then  such 

45  dc  signals  are  integrated  by  an  integrator  circuit  to  a 
desired  level  before  being  applied  to  variable  capac- 
itance  diode  33.  The  capacitance  of  variable  capaci- 
tance  diode  33  changes  with  the  dc  signal  when  ap- 
plied  thereto,  thus  permitting  appropriate  adjustment 

so  resonant  frequency  fo  in  resonance  circuit  2. 
As  may  be  understood  form  the  above,  "n"  sensor 

circuits  13-1  to  13-n  have  an  oscillation  circuit  100  in 
common,  and  the  sub-oscillation  circuits  18-1  to  18- 
n  of  all  sensor  circuits  are  synchronized  with  the  main 

55  oscillation  circuit  to  generate  signals,  for  instance,  at 
the  same  frequency  as  the  main  oscillation  frequen- 
cy,  not  causing  any  difference  or  shift  in  frequency  in 
each  sub-oscillation  circuit.  As  a  result  there  will  be  no 

4 



7 EP  0  441  587  B1 8 

interference  due  to  beat  frequency  which  otherwise 
would  appear  in  adjustment  sub-oscillation  circuits, 
and  a  very  small  capacitance  change  can  be  detected 
without  any  problem. 

In  case  a  multi-channel  sensor  apparatus  ac- 
cording  to  the  present  invention  is  used  for  detecting 
video  signals  from  a  video  apparatus,  movement  of 
the  video  will  cause  flexible  shielded  wires  19  to  vary 
in  shape  (see  Fig.  5),  accordingly  varying  the  stray  ca- 
pacitance  of  shielded  wires  19.  Irrespective  of  the 
change  of  stray  capacitance,  however,  it  is  assured 
that  sub-oscillation  circuits  18-1  to  18-n  generate  sig- 
nals,  for  instance,  at  the  same  frequency  as  main  os- 
cillation  circuit  100  because  of  complete  synchroniza- 
tion  being  guaranteed,  and  therefore,  a  very  small  ca- 
pacitance  change  can  be  detected  even  when  sensor 
circuicts  13-1  to  13-n  may  be  moved  along  with  the 
video  heads  of  the  video  system. 

The  common  use  of  a  main  oscillation  circuit  in  a 
multi-channel  electrostatic  sensor  apparatus  permits 
substantial  reduction  of  the  whole  sensor  apparatus 
in  size  and  weight. 

The  present  invention  should  not  be  limited  to  the 
embodiment  described  above  because  various  mod- 
ifications  are  possible  within  the  scope  of  the  present 
invention,  as  for  instance  follows: 

Also,  in  this  particular  embodiment  as  shown  in 
Fig.  5  a  high-frequency  gyrator  is  used  as  distributor 
15.  The  distributor  15  may  be  composed  of  strip  lines 
if  the  space  permits. 

In  this  particular  embodiment  the  main  oscillation 
frequency  signal  is  directed  to  sub-oscillation  circuits 
18-1  to  18-n  via  wave  guides  16  and  flexible  shielded 
wires  19.  However,  the  shapes  of  flexible  shielded 
wires  1  9  may  vary  with  movement  of  the  video  heads 
on  which  sensor  circuit  are  fixed  with  the  result  that 
the  stray  capacitances  of  flexible  shielded  wires  16 
cause  significant  deformation  of  signals.  In  an  at- 
tempt  to  prevent  such  adverse  effect  bandpass  filters 
may  be  provided  between  main  oscillation  circuit  100 
and  sub-oscillation  circuits  13-1  to  13-n,  thereby  pre- 
venting  distortion  of  signals,  attenuation  of  signals  or 
mismatching  of  impedance. 

In  this  particular  embodiment  sub-oscillation  cir- 
cuits  18-1  to  18-n  are  designed  to  generate  signals  at 
the  same  frequency  as  the  main  oscillation  frequen- 
cy.  Sub-oscillation  circuits  18-1  to  18-n  may  be  of 
pull-in  type  whose  frequency  is  a  multiple  of  the  fre- 
quency  of  the  main  oscillation  circuit  100.  If  the  main 
oscillation  frequency  is  selected  to  be  10  or  more 
GHz,  and  if  sensor  circuits  13-1  to  13-n  are  fixed  to 
the  video  heads  of  a  video  system,  allowing  sensor 
circuits  13-1  to  13-n  to  move  along  with  the  video 
heads  as  seen  from  Fig.  5,  there  is  a  fear  of  adverse 
effects  such  as  the  distortion  or  an  attenuation  of  sig- 
nals,  which  are  caused  by  allowing  the  shapes  of  flex- 
ible  shielded  wires  1  9  to  vary  while  following  the  video 
heads.  In  an  attempt  to  reduce  such  adverse  effects, 

the  main  frequency  of  main  oscillation  circuit  100  is 
selected  to  be  2,4,6  ....  times  less  than  sub-frequency 
of  sub-oscillation  circuits  13-1  to  13-n,  for  example, 
the  main  oscillation  frequency  of  the  main  oscillation 

5  circuit  is  selected  to  be  100  KHz  and  the  oscillation 
frequency  of  the  sub-oscillation  circuits  18-1  to  18-n 
is  selected  to  be  1  GHz,  thus  permitting  the  main  os- 
cillation  frequency  to  be  lowered  below  the  frequency 
at  which  little  or  no  adverse  effect  will  be  caused  by 

10  the  varying  shape  of  cables  or  flexible  shielded  wires 
19,  thereby  permitting  determination  of  a  very  small 
capacitance  change. 

In  this  particular  embodiment,  main  oscillation 
circuit  100  is  separated  from  sub-oscillation  circuits 

15  13-1  to  13-n.  However,  main  oscillation  circuit  100 
may  be  included  in  a  selected  sensor  circuit. 

A  multi-channel  electrostatic  sensor  apparatus 
according  to  the  present  invention  uses  an  oscillation 
circuit  in  common  and  a  plurality  of  pull-in  type  sub- 

20  oscillation  circuits,  thus  permitting  the  sub-oscillation 
circuits  to  operate  at  the  same  frequency  as  the  main 
oscillation  circuit  or  at  a  multiple  of  the  main  oscilla- 
tion  frequency.  This  arrangement  has  the  effect  of 
preventing  appearance  of  beat  signals  caused  by  in- 

25  terference  between  adjacent  sensor  circuits,  thus 
permitting  detection  of  a  very  small  capacitance 
change. 

In  case  sensor  circuits  13-1  to  13-n  on  the  video 
heads  of  a  video  system  are  connected  to  main  oscil- 

30  lation  circuit  1  00  by  flexible  shielded  wires  1  9  to  per- 
mit  relatively  free  movement  of  sensor  circuits  13-1  to 
1  3-n,  the  stray  capacitance  will  vary  with  the  change 
of  the  shape  of  flexible  shielded  wires  19,  and  the  im- 
pedance  matching  can  be  hardly  obtained.  Sub-oscil- 

35  lation  circuit  18,  however,  is  guaranteed  to  generate 
signals  at  the  same  frequency  as  the  main  oscillation 
circuit  or  at  a  multiple  of  the  main  oscillation  frequen- 
cy.  This  permits  detection  of  video  signals  at  an  in- 
creased  sensitivity,  compared  with  a  conventional 

40  electrostatic  detection  apparatus. 
A  multi-channel  electrostatic  sensor  apparatus 

according  to  the  present  invention  uses  a  single  main 
oscillation  circuit  in  common,  and  accordingly  the  size 
and  weight  of  the  whole  system  is  substantially  re- 

45  duced,  compared  with  a  conventional  multi-channel 
electrostatic  sensor  apparatus  using  a  main  oscilla- 
tion  circuit  allotted  to  each  sensor  circuit. 

As  described  above,  there  is  no  fear  of  interfer- 
ence  between  main  and  sub-oscillation  circuits,  and 

so  therefore  adjacent  sensor  channels  can  be  put  close 
to  each  other,  accordingly  permitting  increase  of  the 
density  with  which  sensor  circuits  are  arranged. 

The  present  invention  should  no  be  limited  to  the 
embodiment  described  above  because  various  mod- 

55  if  ications  are  possible  within  the  scope  of  the  present 
invention. 
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Claims 

1.  A  multi-channel  electrostatic  sensor  apparatus 
comprising  a  main  oscillator  circuit  (100)  for  gen- 
erating  main  oscillation  signals,  5 

a  plurality  of  sub-oscillation  circuits  (13) 
adapted  to  synchronise  with  said  main  oscillation 
circuit  (100)  for  generating  sub-oscillation  sig- 
nals,  and 

a  plurality  of  resonance  circuits  (2)  each  10 
having  an  independent  resonator  (12)  separated 
from  said  main  oscillation  circuit  (100)  and  said 
sub-oscillation  circuits  (18),  said  resonance  cir- 
cuits  (2)  being  sensitive  to  any  change  of  exterior 
capacitance  detected  by  an  associated  detector  15 
(11)  to  change  the  resonance  point  thereof,  and 

a  plurality  of  sensor  circuits  (13)  each 
comprising  a  sub-oscillation  circuit  (13)  and  a 
resonance  circuit  (2)  are  provided  using  the  same 
main  oscillation  circuit  (1  00)  in  common  for  a  plur-  20 
ality  of  channels, 

whereby  connection  means  are  provided 
for  connecting  the  main  oscillation  circuit  (100)  to 
each  of  the  sub-oscillation  circuits  (18)  to  supply 
said  main  oscillation  signal  thereto  and  compris-  25 
ing  a  distributor  (15)  and  separate  conductors 
connecting  the  distributor  (15)  to  each  separate 
sub-oscillation  circuit  (13),  characterised  by  a 
high  impedance  conversion  circuit  (6)  connected 
between  the  main  oscillation  circuit  (100)  and  the  30 
distributor  (15)  and  operable  to  isolate  the  main 
oscillation  circuit  (1CO)  from  any  impedance 
changes  occurring  in  any  sub-oscillation  circuit 
(18)  . 

35 
2.  A  multi-channel  electrostatic  sensor  apparatus 

as  claimed  in  Claim  1  characterised  in  that  the 
conductors  connecting  the  distributor  (15)  to 
each  separate  sub-oscillation  circuit  (13)  com- 
prise  a  coaxial  cable  (16)  and  a  shielded  wire  40 
(19)  . 

3.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  Claim  1  characterised  in  that  the 
conductors  connecting  the  distributor  (15)  to  45 
each  separate  sub-oscillation  circuit  (13)  com- 
prise  a  wave  guide  (16)  and  a  shielded  wire  (19). 

4.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  any  one  of  Claims  1  to  3  character-  50 
ised  in  that  each  sensor  circuit  (1  3)  includes  a  de- 
tector  circuit  (4)  fordetecting  the  output  of  the  res- 
onance  circuit  (2),  and  amplifier  circuit  (5)  for  am- 
plifying  the  output  of  said  detection  circuit  (4)  and 
an  AFC  circuit  (8)  for  controlling  the  resonance  55 
point  of  said  resonance  circuit  (2). 

5.  A  multi-channel  electrostatic  sensor  apparatus 

as  claimed  in  any  on  of  the  preceding  claims 
characterised  in  that  the  main  oscillation  circuit 
(100)  and  each  said  resonance  circuit  (2)  in- 
cludes  a  ceramic  resonator  (10,  12). 

6.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  any  one  of  Claims  1  to  5  character- 
ised  by  band  pass  filters  connected  between  said 
main  oscillator  circuit  (1  00)  and  each  said  sub-os- 
cillation  circuit  (18). 

7.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  any  one  of  the  preceding  claims 
characterised  in  that  said  sub-oscillation  signal 
has  a  frequency  equal  to  the  oscillation  frequen- 
cy  of  said  main  oscillation  circuit  (100). 

8.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  any  one  of  Claims  1  to  6  character- 
ised  in  that  said  sub-oscillation  signal  has  a  fre- 
quency  which  is  a  multiple  of  the  oscillation  fre- 
quency  of  said  main  oscillation  circuit  (100). 

9.  A  multi-channel  electrostatic  sensor  apparatus 
as  claimed  in  any  one  of  the  preceding  claims 
characterised  in  that  the  distributor  (15)  compris- 
es  a  high  frequency  gyrator. 

Patentanspruche 

1.  Mehrkanalige  elektrostatische  Sensorvorrich- 
tung  mit  einem  Hauptoszillatorkreis  (100)  zur  Er- 
zeugung  von  Hauptschwingungssignalen, 
einer  Mehrzahl  von  Nebenoszillatorkreisen  (18), 
die  fur  eine  Synchronisierung  mit  dem  Hauptos- 
zillatorkreis  (100)  geeignet  sind  und  Neben- 
schwingungssignale  erzeugen, 
einer  Mehrzahl  von  Resonanzkreisen  (2),  von  de- 
nen  jeder  einen  unabhangigen  Resonator  (12) 
aufweist,  der  getrennt  von  dem  Hauptoszillator- 
kreis  (100)  und  den  Nebenoszillatorkreisen  (18) 
ist,  wobei  die  Resonanzkreise  (2)  auf  jede  Ande- 
rung  einer  von  einem  zugeordneten  Detektor(11) 
erfaliten  aulieren  Kapazitat  ist,  urn  seinen  Reso- 
nanzpunkt  zu  andern  und 
einer  Mehrzahl  von  Sensorkreisen  (13),  die  je- 
weils  einen  Nebenoszillatorkreis  (18)  und  einen 
Resonanzkreis  (2)  umfassen,  vorgesehen  sind, 
die  denselben  Hauptoszillatorkreis  (100)  zusam- 
men  fur  eine  Mehrzahl  von  Kanalen  verwenden, 
wobei  Verbindungseinrichtungen  vorgesehen 
sind,  die  den  Hauptoszillatorkreis  (100)  mitjedem 
Nebenoszillatorkreis  (18)  verbinden,  urn  letzte- 
ren  das  Haupschwingungssignal  zuzufuhren  und 
die  einen  Verteiler  (15)  und  getrennte  Leiter  auf- 
weisen,  die  den  Verteiler  mitjedem  Nebenoszil- 
latorkreis  verbinden, 
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gekennzeichnet  durch 
einen  Hochimpedanzwandlerkreis  (6),  der  zwi- 
schen  dem  Hauptoszillatorkreis  (100)  und  dem 
Verteiler  (15)  angeordnet  ist  und  den  Hauptoszil- 
latorkreis  (100)  von  jedweden  Impedanzande-  5 
rungen  isoliert,  die  in  irgendeinem  Nebenoszilla- 
torkreis  (18)  auftreten. 

2.  Nehrkanalige  elektrostatische  Sensorvorrich- 
tung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  10 
dali  die  den  Verteiler  (15)  mitjedem  getrennten 
Nebenoszillatorkreis  (18)  verbindende  Leiterein 
Koaxialkabel  (16)  und  einen  abgeschirmten 
Draht  (19)  umfassen. 

15 
3.  Mehrkanalige  elektrostatische  Sensorvorrich- 

tung  nach  Anspruch  1,  dadurch  gekennzeichnet, 
dali  die  den  Verteiler  (15)  mitjedem  getrennten 
Nebenoszillatorkreis  (18)  verbindende  Leiter  ei- 
nen  Wellenleiter  (16)  und  einen  abgeschirmten  20 
Draht  (19)  umfassen. 

4.  Mehrkanalige  elektrostatische  Sensorvorrich- 
tung  nach  einem  der  Anspruche  1  bis  3,  dadurch 
gekennzeichnet,  dali  jeder  Sensorkreis  (13)  ei-  25 
nen  Detektorkreis  (4)  zum  Erfassen  des  Aus- 
gangssignals  des  Resonanzkreises  (2)  und  einen 
Verstarkerkreis  (5)  zum  Verstarken  des  Aus- 
gangssignals  des  Detektorkreises  (4)  und  einen 
automatischen  Frequenznachstimmungskreis  30 
(8)  zum  Steuern  des  Resonanzpunktes  des  Re- 
sonanzkreises  (2)  einschlielit. 

5.  Mehrkanalige  elektrostatische  Sensorvorrich- 
tung  nach  einem  der  vorhergehenden  Anspru-  35 
che,  dadurch  gekennzeichnet,  dali  der  Hauptos- 
zillatorkreis  (1  00)  und  jeder  Resonanzkreis  (2)  ei- 
nen  Keramikresonator  (10,12)  einschlielit. 

6.  Mehrkanalige  elektrostatische  Sensorvorrich-  40 
tung  nach  einem  der  Anspruche  1  bis  5,  gekenn- 
zeichnet  durch  Bandpalifilter,  die  zwischen  den 
Hauptoszillatorkreis  (100)  und  jeden  Nebenoszil- 
latorkreis  (18)  geschaltet  sind. 

45 
7.  Mehrkanalige  elektrostatische  Sensorvorrich- 

tung  nach  einem  der  vorhergehenden  Anspru- 
che,  dadurch  gekennzeichnet,  dali  das  Neben- 
schwingungssignal  eine  Frequenz  gleich  der 
Schwingungsfrequenz  des  Hauptoszillatorkrei-  50 
ses  (1  00)  aufweist. 

8.  Mehrkanalige  elektrostatische  Sensorvorrich- 
tung  nach  einem  der  Anspruche  1  bis  6,  dadurch 
gekennzeichnet,  dali  das  Nebenschwingungssi-  55 
gnal  eine  Frequenz  aufweist,  die  ein  Mehrfaches 
der  Oszillatorfrequenz  des  Hauptoszillatorkrei- 
ses  (1  00)  ist. 

9.  Mehrkanalige  elektrostatische  Sensorvorrich- 
tung  nach  einem  der  vorhergehenden  Anspru- 
che,  dadurch  gekennzeichnet,  dali  der  Verteiler 
(15)  einen  Hochfrequenz-Generator  umfalit. 

Revendications 

1.  Appareil  constituant  un  capteur  electrostatique 
multicanal,  qui  comprend  : 

un  circuit  oscillateur  principal  (100)  ser- 
vant  a  produire  des  signaux  d'oscillation  princi- 
paux, 

plusieurs  circuits  de  sous-oscillation  (13) 
destines  a  se  synchroniser  avec  ledit  circuit  d'os- 
cillation  principal  (100)  afin  de  produire  des  si- 
gnaux  de  sous-oscillation, 

plusieurs  circuits  de  resonance  (2) 
comportant  chacun  un  resonateur  independant 
(12)  separe  dudit  circuit  d'oscillation  principal 
(100)  et  desdits  circuits  de  sous-oscillation  (18), 
lesdits  circuits  de  resonance  (2)  reagissanta  tou- 
te  variation  de  capacite  exterieure  detectee  par 
un  detecteur  associe  (11)  en  modifiant  leur  point 
de  resonance, 

plusieurs  circuits  capteurs  (13)  compre- 
nant  chacun  un  circuit  de  sous-oscillation  (13)  et 
un  circuit  de  resonance  (2),  lesquels  circuits  cap- 
teurs  sont  destines  a  utiliser  le  meme  circuit  d'os- 
cillation  principal  (100)  en  commun  pour  plu- 
sieurs  canaux, 

de  sorte  que  des  moyens  de  connexion 
sont  prevus  pour  connecter  le  circuit  d'oscillation 
principal  (100)  a  chacun  des  circuits  de  sous- 
oscillation  (18)  afin  de  leur  fournir  ledit  signal 
d'oscillation  principal  et  comprennent  un  distribu- 
tee  (15)  et  des  conducteurs  distincts  connectant 
le  distributeur  (15)  a  chaque  circuit  de  sous- 
oscillation  (13)  distinct, 

caracterise  par  un  circuit  de  conversion  a 
impedance  elevee  (6)  qui  est  connecte  entre  le 
circuit  d'oscillation  principal  (100)  et  le  distribu- 
teur  (15)  et  qui  a  pour  fonction  d'isoler  le  circuit 
d'oscillation  principal  (100)  vis-a-vis  de  toute  va- 
riation  d'impedance  se  produisant  dans  un  circuit 
de  sous-oscillation  (18). 

2.  Appareil  constituant  un  capteur  electrostatique 
multicanal  selon  la  revendication  1,  caracterise 
en  ce  que  les  conducteurs  connectant  le  distribu- 
teur  (15)  a  chaque  circuit  de  sous-oscillation  dis- 
tinct  (1  3)  comprennent  un  cable  coaxial  (16)  et  un 
fil  blinde  (19). 

3.  Appareil  constituant  un  capteur  electrostatique 
multicanal  selon  la  revendication  1,  caracterise 
en  ce  que  les  conducteurs  connectant  le  distribu- 
teur  (15)  a  chaque  circuit  de  sous-oscillation  dis- 
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tinct  (13)  comprennent  un  guide  d'ondes  (16)  et 
unfil  blinde  (19). 

4.  Appareil  constituant  un  capteur  electrostatique 
multicanal  selon  I'une  quelconque  des  revendica-  5 
tion  1  a  3,  caracterise  en  ce  que  chaque  circuit 
capteur  (13)  comporte  un  circuit  detecteur  (4) 
servant  a  detecter  le  signal  de  sortie  du  circuit  de 
resonance  (2),  un  circuit  amplif  icateur  (5)  servant 
a  amplifier  le  signal  de  sortie  dudit  circuit  de  de-  w 
tection  (4),  et  un  circuit  de  commande  automati- 
que  de  frequence  (8)  servant  a  commander  le 
point  de  resonance  dudit  circuit  de  resonance  (2). 

5.  Appareil  constituant  un  capteur  electrostatique  15 
multicanal  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  le  circuit 
d'oscillation  principal  (100)  et  chaque  dit  circuit 
de  resonance  (2)  comportent  un  resonateur  cera- 
mique  (10,  12).  20 

6.  Appareil  constituant  un  capteur  electrostatique 
multicanal  selon  I'une  quelconque  des  revendica- 
tions  1  a  5,  caracterise  pardesfiltres  passe-ban- 
de  connectes  entre  ledit  circuit  oscillateur  princi-  25 
pal  (100)  et  chaque  dit  circuit  de  sous-oscillation 
(18). 

7.  Appareil  constituant  un  capteur  electrostatique 
multicanal  selon  I'une  quelconque  des  revendica-  30 
tions  precedentes,  caracterise  en  ce  que  ledit  si- 
gnal  de  sous-oscillation  a  une  frequence  eg  ale  a 
la  frequence  d'oscillation  dudit  circuit  d'oscilla- 
tion  principal  (100). 

35 
8.  Appareil  constituant  un  capteur  electrostatique 

multicanal  selon  I'une  quelconque  des  revendica- 
tions  1  a  6,  caracterise  en  ce  que  ledit  signal  de 
sous-oscillation  possede  une  frequence  qui  est 
un  multiple  de  la  frequence  d'oscillation  dudit  cir-  40 
cuit  d'oscillation  principal  (100). 

9.  Appareil  constitutant  un  appareil  electrostatique 
multicanal  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  le  dis-  45 
tributeur  (15)  comprend  un  girateur  haute  fre- 
quence. 
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