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Description 

The  present  invention  relates  generally  to  auto- 
matic  focusing  systems,  and  is  applicable  particu- 
larly,  but  not  exclusively,  to  video  cameras. 

Known  is  an  automatic  focusing  system  of  a 
video  camera  which  is  based  on  the  fact  that  the 
voltage  level  of  a  high-frequency  component  of  the 
image  signal  corresponds  to  the  degree  of  sharp- 
ness  of  the  resultant  image  and  in  which  the  focus- 
ing  control  is  performed  so  that  the  voltage  derived 
as  a  focus  voltage  assumes  the  maximum  level  to 
bring  the  focus  lens  into  the  focus  position.  Such 
an  automatic  focusing  system  is  disclosed,  for  ex- 
ample,  in  "NHK  TECHNICAL  RESEARCH  RE- 
PORT",  vol.  17  (No.  1),  published  in  1965,  or 
"TELEVISION  ACADEMY  TECHNICAL  REPORT 
ED",  published  in  1982  (November),  wherein  two 
focus  voltages  obtained  in  accordance  with  move- 
ment  of  the  focusing  lens  in  one  direction  along  its 
optical  axis  are  successively  sampled  and  com- 
pared  in  level  with  each  other  and  on  the  basis  of  a 
result  of  the  comparison  the  focusing  lens  is  con- 
trolled  so  as  to  take  the  focus  position  with  respect 
to  an  object.  Generally,  in  accordance  with  the 
movement  of  the  focusing  lens,  the  focus  voltage  is 
varied  in  level  so  as  to  draw  a  curve  similar  sub- 
stantially  to  Gauss'  curve  with  respect  to  the  maxi- 
mum  focus  voltage  obtained  when  the  focusing 
lens  takes  the  focus  position.  Thus,  the  rate  of 
change  of  the  focus  voltage  level  is  not  constant, 
that  is,  the  rate  of  change  is  apt  to  be  decreased  in 
the  lower  level  region  and  further  in  the  higher  level 
region.  This  provides  a  problem  in  that  because  the 
difference  in  level  between  the  two  focus  voltages 
becomes  too  small  in  the  lower  and  higher  level 
regions,  difficulty  is  encountered  to  accurately 
measure  the  difference  between  the  two  focus  volt- 
age  levels  and  hence  to  insure  high  reliability  in  the 
automatic  focusing  control. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  a  new  and  improved  automatic  focusing 
system  which  is  capable  of  accurately  and  surely 
performing  an  automatic  focussing  operation  ir- 
respective  of  the  variation  of  the  focus  voltage  in 
which  the  rate  of  level  change  is  decreased  as  the 
focusing  lens  system  approaches  the  focus  posi- 
tion. 

IEEE  Translations  on  Consumer  Electronics  Vol 
CE-29  No.  3  pages  476-482  proposes  an  auto- 
focus  system  using  the  lens  as  a  variable  cutoff 
frequency  low  pass  filter  with  the  cutoff  frequency 
decreasing  according  to  defocussing. 

In  accordance  with  the  present  invention,  there 
is  provided  an  automatic  focusing  system  including 
a  focusing  lens  system  and  an  image  pickup  de- 
vice  for  converting  a  light  beam  incident  thereon 
from  an  object  through  said  focusing  lens  system 

into  a  corresponding  electrical  signal,  comprising: 
filter  means  coupled  to  said  image  pickup  de- 

vice  for  deriving  a  predetermined  high-frequency 
component  from  said  electrical  signal; 

5  detector  means  coupled  to  said  filter  means  for 
detecting  a  focus  voltage  corresponding  to  the  de- 
rived  predetermined  high-frequency  component, 
the  level  of  said  focus  voltage  varying  in  accor- 
dance  with  the  position  of  said  focusing  lens  sys- 

io  tern  so  as  to  assume  a  maximum  when  said  focus- 
ing  lens  system  takes  the  in-focus  position; 

drive  means  for  driving  said  focusing  lens  sys- 
tem  in  both  directions  along  its  optical  axis;  and 

control  means  coupled  to  said  detector  means 
75  for  comparing  successive  focus  voltages  with  each 

of  a  plurality  of  reference  voltages  which  increase 
in  steps,  and  coupled  to  said  drive  means  for 
controlling  said  drive  means  in  accordance  with  the 
result  of  the  comparison  so  that  said  focusing  lens 

20  system  takes  the  focus  position  with  respect  to 
said  object; 

said  control  means  in  use  detecting  that  first 
and  second  said  focus  voltages  are  respectively 
equal  to  first  and  second  reference  voltages,  and 

25  when  the  first  and  second  reference  voltages  are 
equal  to  each  other,  controlling  said  drive  means 
so  that  said  focusing  lens  system  is  positioned  at 
the  middle  point  between  the  position  correspond- 
ing  to  the  first  reference  voltage  and  the  position 

30  corresponding  to  the  second  reference  voltage,  and 
when  the  second  reference  voltage  is  higher  than 
the  first  reference  voltage  controlling  said  drive 
means  so  that  said  forming  lens  system  moves 
continuously  and,  when  said  first  reference  voltage 

35  is  higher  than  said  second  reference  voltage,  con- 
trolling  said  drive  means  so  that  said  focusing  lens 
system  is  moved  to  a  position  corresponding  to  the 
first  reference  voltage. 

The  automatic  focusing  apparatus  is  arranged 
40  so  that  focusing  is  performed  in  accordance  with 

the  focus  voltage  obtained  from  a  predetermined 
high-frequency  composition  of  the  electric  signal, 
on  the  basis  of  the  fact  that  the  level  of  the  focus 
voltage  corresponds  to  the  sharpness  of  the  resul- 

45  tant  image.  The  focus  voltage  can  be  successively 
compared  with  each  of  a  plurality  of  reference 
voltages  predetermined  to  be  increased  in  steps. 
The  focusing  lens  system  can  be  controlled  in 
position  in  accordance  with  comparison  between 

50  the  first  reference  voltage  agreeing  with  one  of  the 
focus  voltages  and  the  second  reference  voltage 
agreeing  with  another  focus  voltage  so  that  the 
focusing  lens  system  approaches  the  focus  posi- 
tion.  When  the  first  and  second  reference  voltages 

55  are  equal  in  level  to  each  other,  the  focusing  lens 
system  is  controlled  to  take  the  middle  point  be- 
tween  the  positions  corresponding  to  the  first  and 
second  reference  voltages. 
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Preferably,  the  automatic  focusing  apparatus 
further  comprises  gain  control  circuit  means  which 
is  provided  between  the  filter  means  and  the  detec- 
tor  means  and  which  is  arranged  so  that  its  gain  is 
controlled  stepwise  to  be  decreased  by  a  predeter- 
mined  value  in  accordance  with  a  gain  control 
signal  from  the  control  means  whereby  the  focus 
voltage  is  kept  in  a  predetermined  range,  and 
wherein  the  control  means  controls  the  difference 
in  level  between  the  plurality  of  reference  voltages 
so  as  to  be  varied  stepwise  in  accordance  with  the 
amount  of  the  gain  determined  in  the  gain  control. 
It  is  also  preferred  that  the  automatic  focusing 
apparatus  the  control  means  amplifies  the  focus 
voltage  so  that  the  amplification  degree  is  deter- 
mined  in  accordance  with  the  amount  of  the  gain  in 
the  gain  control. 

The  object  and  features  of  the  present  inven- 
tion  will  become  more  readily  apparent  from  the 
following  detailed  description  of  the  preferred  em- 
bodiments  taken  in  conjunction  with  the  accom- 
panying  drawings  in  which: 

Fig.  1  is  a  block  diagram  showing  a  first  em- 
bodiment  of  an  automatic  focusing  apparatus 
according  to  the  present  invention; 
Figs.  2  to  4  are  illustrations  for  describing  the 
relationship  between  the  focus  voltage  and  the 
reference  voltages; 
Figs.  5A  and  5B  are  flow  charts  showing  a 
microcomputer's  operation  executed  in  the  first 
embodiment; 
Fig.  6  is  a  block  diagram  showing  second  and 
third  embodiments  according  to  the  present  in- 
vention; 
Figs.  7  and  8  are  illustrations  for  describing  the 
second  and  third  embodiments;  and 
Figs.  9A,  9B  and  10  are  flow  charts  showing  the 
processes  executed  in  the  second  and  third 
embodiments. 

Referring  now  to  Fig.  1,  there  is  illustrated  a 
first  embodiment  of  an  automatic  focusing  appara- 
tus  according  to  the  present  invention  which  is 
incorporated  into  a  video  camera.  The  automatic 
focusing  apparatus  includes  an  optical  lens  system 
6  comprising  an  afocal  lens  system  5  and  a  focus- 
ing  lens  system  1  and  is  arranged  so  as  to  perform 
the  focusing  operation  by  moving  the  focusing  lens 
system  1  in  directions  along  the  optical  axis,  i.e., 
the  directions  indicated  by  arrows  A  and  B  in  the 
figure  by  means  of  a  pulse  motor  2.  The  focusing 
lens  system  1  may  be  arranged  to  be  moved  up  to 
the  maximum  when  an  object  to  be  taken  is  at 
infinity  focus.  The  pulse  motor  2  is  driven  in  re- 
sponse  to  the  start  of  focusing  operation  and  the 
position  of  the  focusing  lens  1  on  the  optical  axis  is 
detected  by  a  rotary  encoder,  not  shown,  attached 
to  the  pulse  motor  2  and  a  position  indicating 
signal  S1  from  the  rotary  encoder  is  supplied  to  a 

microcomputer  3.  On  the  other  hand,  a  light  beam 
having  optical  information  reltating  to  an  object 
taken  by  the  video  camera  reaches  an  image  pic- 
kup  device  (CCD)  7  after  passed  through  the  op- 

5  tical  lens  system  6,  the  image  pickup  device  7 
generating  an  electrical  signal  S2  correponding  to 
the  optical  information  by  means  of  optoelectric 
conversion.  The  generated  signal  S2  is  amplified 
by  an  amplifier  8  and  supplied  to  a  camera  circuit, 

io  not  shown,  and  further  to  a  band-pass  filter  (BPF) 
9.  The  band-pass  filter  9  derives  a  predetermined 
high  frequency  component  from  the  signal  S2  and 
the  derived  high-frequency  component  is  supplied 
to  an  automatic  gain  control  circuit  (AGC)  10  where 

is  the  output  of  the  band-pass  filter  9  is  kept  below  a 
predetermined  level,  before  supplied  to  a  detector 
(AET)  11  which  produces  a  focus  voltage  cor- 
responding  to  the  high-frequency  component  of  the 
signal  S2.  The  focus  voltage  is  varied  as  indicated 

20  by  E  in  Fig.  2  in  accordance  with  the  movement  of 
the  focusing  lens  system  1  from  end  to  end.  Here, 
the  level  of  the  focus  voltage  corresponds  to  the 
degree  of  sharpness  of  the  reproduced  image  and 
is  peaked  when  the  focusing  lens  system  1  is  at 

25  the  focus  position  P.  The  focus  voltage  E  is  sup- 
plied  to  the  microcomputer  3  after  passed  through 
an  analog-to-digital  converter  (A/D)  12. 

The  microcomputer  3,  comprising  a  central 
processing  unit  (CPU),  a  random  access  memory 

30  (RAM),  read  only  memory  (ROM)  and  so  on,  per- 
forms  successively  sampling  operation  of  the  focus 
voltage  E  at  every  field  of  the  signal  S2  and 
compares  the  sampled  focus  voltage  E  with  a 
plurality  of  reference  voltages.  The  plurality  of  ref- 

35  erence  voltages  are  determined  to  be  stepped  up 
by  a  predetermined  level  with  respect  to  the  mini- 
mum  level  SEmin  which  depends  upon  the  perfor- 
mance  of  the  detector  11  or  the  analog-to-digital 
converter  12.  When  a  sampled  focus  voltage  En 

40  substantially  becomes  equal  in  level  to  one  refer- 
ence  voltage  SEn,  the  microcomputer  3  stores  the 
reference  voltage  SEn  and  the  position  In  of  the 
focusing  lens  system  1  on  the  basis  of  the  signal 
S1  and  when  another  sampled  focus  voltage  En  +  1 

45  substantially  becomes  equal  in  level  to  another 
reference  voltage  SEn  +  1  ,  the  microcomputer  3 
subsequently  stores  the  reference  voltage  SEn  +  1 
and  the  position  In  +  1  thereof  on  the  basis  of  the 
signal  S1  .  The  microcomputer  3  compares  the 

50  reference  voltage  SEn  with  the  reference  voltage 
SEn  +  1  and  controls  the  focusing  lens  system  1  in 
position  in  accordance  with  the  result  of  the  com- 
parison.  More  specifically,  when  SEn  +  1  is  larger 
than  SEn,  the  microcomputer  3  continues  to  supply 

55  a  control  signal  S3  through  a  motor  drive  circuit  13 
to  the  pulse  motor  2,  so  that  the  focusing  lens 
system  1  is  further  moved  in  the  same  direction 
and  the  focus  voltage  is  increased.  This  is  based 
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on  the  fact  that  the  focus  voltage  assumes  the 
maximum  value  when  the  focusing  lens  system  1 
takes  the  focus  position.  Here,  it  is  also  appropriate 
that  a  code  is  given  to  each  of  the  plurality  of  the 
reference  voltages  and  the  comparison  between 
the  codes  is  performed  instead  of  the  comparison 
between  SEn  and  SEn  +  1  in  level.  This  will  result 
in  simplification  of  the  focus  position  searching 
operation. 

On  the  other  hand,  because  the  focus  voltage 
E  is  varied  so  that  it  assumes  maximum  level  when 
the  focusing  lens  system  1  takes  the  focus  position 
P  as  described  above,  as  shown  in  Fig.  3,  the 
focus  voltage  E  successively  becomes  equal  two 
times  to  the  highest  reference  voltage  SEmax,  i.e., 
the  closest  reference  voltage  to  the  maximum  val- 
ue  of  the  focus  voltage  E  when  the  focusing  lens 
system  passes  through  the  focus  position  P.  In  this 
case,  it  is  obvious  that  the  focus  position  P  of  the 
focusing  lens  system  1  is  at  the  middle  point 
between  the  position  corresponding  to  the  first  ref- 
erence  voltage  SEmax  and  the  position  corre- 
sponding  to  the  second  reference  voltage  SEmax. 
Therefore,  when  SEn  =  SEn  +  1,  i.e.,  SEmax  = 
SEmax,  the  focusing  lens  system  1  is  moved  back 
to  the  middle  point  to  take  the  focus  position  P.  In 
the  case  that,  as  shown  in  Fig.  4,  the  highest 
reference  voltage  SEmax  is  equal  to  the  maximum 
value  of  the  focus  voltage  E,  the  focus  voltage 
(Emax)  becomes  equal  to  the  highest  reference 
voltage  SEmax  before  the  focus  voltage  (Emax-1) 
becomes  equal  to  a  reference  voltage  SEmax-1 
which  is  lower  in  level  than  Emax  without  further 
becoming  equal  to  SEmax.  Therefore,  when  the 
focus  voltage  abruptly  becomes  equal  to  a  refer- 
ence  voltage  which  is  lower  in  level  than  the  pre- 
vious  reference  voltage,  the  focusing  lens  system  1 
is  moved  back  up  to  the  position  corresponding  to 
the  highest  reference  voltage  SEmax  whereby  the 
focusing  lens  system  1  can  be  brought  into  the 
focus  position. 

For  a  better  understanding,  the  above-men- 
tioned  focus  position  searching  operation  in  the 
first  embodiment  of  the  present  invention  will  fur- 
ther  be  described  hereinbelow  with  reference  to  a 
flow  chart  of  Figs.  5A  and  5B.  This  focus  position 
searching  routine  begins  with  a  step  100  to  start 
moving  the  focusing  lens  system  1  in  one  direction 
along  the  optical  axis.  Concurrently  with  the  move- 
ment  of  the  focusing  lens  system  1  ,  the  microcom- 
puter  3,  in  a  step  102,  reads  an  focus  voltage  E 
and,  in  a  step  108,  compares  an  obtained  focus 
voltage  with  each  (SEn)  of  a  plurality  of  reference 
voltages  which  are  predetermined  and  prestored  in 
the  ROM  of  the  microcomputer  3.  If  the  obtained 
focus  voltage  is  not  equal  to  any  of  the  reference 
voltages,  the  microcomputer  3  similarly  compares 
the  next  obtained  focus  voltage  with  each  of  the 

plurality  of  reference  voltages.  If  becoming  equal  to 
the  reference  voltage  SEn  of  the  plurality  of  the 
reference  voltages,  the  microcomputer  3  stores  the 
reference  voltage  or  the  code  corresponding  to  the 

5  reference  voltage  SEn  in  a  register  A1  and  further 
stores  in  a  register  B1  the  position  S1n  of  the 
focusing  lens  system  1  at  the  time  in  a  step  110. 
Thereafter,  in  a  step  112  the  microcomputer  3 
reads  the  next  focus  voltage  E  and  compares  a 

io  newly  obtained  focus  voltage  with  each  SEn  of  the 
plurality  of  reference  voltages  in  a  step  118.  If 
being  equal  to  the  reference  voltage  SEn,  control 
advances  to  a  step  120  where  the  microcomputer  3 
stores  the  reference  voltage  SEn  or  the  code  cor- 

15  responding  to  the  reference  voltage  at  the  time  and 
further  stores  the  position  S1n  of  the  focusing  lens 
system  1  in  registers  A2  and  B2,  respectively.  A 
subsequent  step  122  is  executed  in  order  to  per- 
form  comparison  between  the  reference  voltages 

20  stored  in  the  registers  A1  and  A2  and  check  the 
relationship  in  level  therebetween.  If  the  value  of 
A1  is  equal  to  the  value  of  A2,  a  step  124  follows  to 
move  the  focusing  lens  system  1  to  the  middle 
point  between  the  positions  corresponding  to  the 

25  values  B1  and  B2  so  that  the  focusing  lens  system 
1  takes  the  focus  position.  If  the  reference  voltage 
in  the  register  A1  is  greater  than  the  reference 
voltage  in  the  register  A2,  control  goes  to  a  step 
126  to  reverse  the  moving  direction  of  the  focusing 

30  lens  system  1  and  returns  to  the  step  102.  If  the 
reference  voltage  in  the  register  A1  is  lower  than 
the  reference  voltage  in  the  register  A2,  the  refer- 
ence  voltage  in  the  register  A2  and  the  position  in 
the  register  B2  are  shifted  into  the  registers  A1  and 

35  B1,  respectively,  in  a  step  128,  followed  by  steps 
130  through  140  which  correspond  to  the  above- 
mentioned  steps  112  through  122,  the  description 
thereof  being  omitted  for  brevity.  If  the  reference 
voltage  in  the  register  A1  is  equal  to  the  reference 

40  voltage  in  the  register  A2  in  the  step  140,  control 
goes  to  the  step  124.  If  A1  <  A2,  the  operational 
flow  returns  to  the  step  128.  If  A1  >  A2,  control 
goes  to  a  step  142  where  the  focusing  lens  system 
1  is  moved  back  up  to  the  position  corresponding 

45  to  the  value  in  the  register  B1  under  the  decision 
that  the  previously  stored  reference  voltage  is 
equal  to  the  maximum  value  of  the  focus  voltage. 

In  order  to  avoid  the  requirement  of  an  analog- 
to-digital  converter  and  a  detector  with  high  perfor- 

50  mance,  it  is  preferred  that  the  focus  voltage  is 
compressed  by  the  gain  shift  process  to  be  in  a 
predetermined  level  range.  The  compression  of  the 
focus  voltage  provides  one  problem,  however, 
which  relates  to  generation  of  a  swing  between  a 

55  focus  condition  and  a  defocus  condition  in  the 
reproduced  image  because  the  rate  of  change  of 
the  focus  voltage  becomes  too  small  in  the  vicinity 
of  the  focus  position  of  the  focusing  lens  system  1 

4 
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and  hence  the  returning  distance  of  the  focusing 
lens  system  1  between  the  focus  position  P  and 
the  SEmax  position  becomes  longer.  A  second 
embodiment  of  the  present  invention  relates  to  an 
automatic  focusing  apparatus  which  capable  of  re- 
moving  this  problem  inherent  to  the  compression  of 
the  focus  voltage. 

Fig.  6  is  an  illustration  of  an  arrangement  of  the 
second  embodiment  in  which  parts  corresponding 
to  those  in  the  Fig.  1  first  embodiment  are  marked 
with  the  identical  numerals  and  characters  and  the 
detailed  description  thereof  will  be  omitted  for  brev- 
ity.  In  Fig.  6,  the  second  embodiment  similarly 
includes  an  optical  lens  system  6  comprising  an 
afocal  lens  system  5  and  a  focusing  lens  system  1 
which  is  moved  along  the  optical  axis  by  means  of 
a  pulse  motor  2  for  the  focusing  operation.  The 
position  of  the  focusing  lens  system  1  is  detected 
by  means  of  a  rotary  encoder,  not  shown,  attached 
to  the  pulse  motor  2.  A  signal  S1  indicative  of  the 
position  of  the  focusing  lens  system  1  is  supplied 
from  the  rotary  encoder  to  a  microcomputer  3 
comprising  central  processing  unit  (CUP),  a  ran- 
dom  access  memory  (RAM),  a  read  only  memory 
(ROM)  and  so  on.  The  pulse  motor  2  is  by  a  motor 
drive  circuit  13  which  is  controlled  in  accordance 
with  a  control  signal  S3  from  the  microcomputer  3. 
On  the  other  hand,  a  light  beam  having  optical 
information  relating  to  an  object  taken  by  the  video 
camera  reaches  an  image  pickup  device  7  after 
passed  through  the  optical  lens  system  6.  The 
image  pickup  device  7  generates  an  electrical  sig- 
nal  S2  which  is  in  turn  supplied  through  an  am- 
plifier  8  to  a  camera  circuit  of  the  video  camera 
and  further  to  a  band  pass  filter  (BPF)  9.  The  band- 
pass  filter  derives  a  predetermined  high-frequency 
component  from  the  output  signal  S2  of  the  image 
pickup  device  7.  The  output  signal  of  the  band- 
pass  filter  9  is  supplied  to  a  gain  control  circuit  (or 
gain  selector)  15  which  is  arranged  such  that  the 
gain  is  controlled  in  accordance  with  a  gain  control 
signal  S4  from  the  microcomputer  3.  The  gain  of 
the  gain  control  circuit  15  is  shifted  stepwise  to  be 
decreased  by  a  predetermined  value  so  that  the 
output  signal  (focus  voltage  E)  of  a  detector  11 
coupled  to  the  gain  control  circuit  15  is  kept  in  a 
predetermined  range  having  the  upper  limit  Nmax 
and  the  lower  limit  Nmin  as  indicated  by  alternate 
long  and  short  dash  line  in  Fig.  7,  a  solid  line  in 
Fig.  7  representing  the  focus  voltage  E'  in  the  case 
of  no  gain  control.  Here,  the  gain  control  is  per- 
formed  in  steps  so  that  in  response  to  reaching  the 
upper  limit  Nmax  of  the  predetermined  range,  the 
focus  voltage  is  reduced  to  the  lower  limit  Nmin. 
The  focus  voltage  E  is  supplied  through  an  analog- 
to-digital  converter  12  to  the  micrcomputer  3  so  as 
to  be  compared  with  a  plurality  of  reference  vol- 
tages  for  the  focus  position  searching  operation.  An 

important  point  in  the  second  embodiment  is  that 
the  difference  in  level  between  the  successive  two 
of  the  plurality  of  reference  voltages  is  determined 
so  that  the  difference  is  set  to  become  larger  when 

5  the  gain  is  high  and  the  difference  is  set  to  become 
smaller  when  the  gain  is  low.  That  is,  the  reference 
voltages  are  controlled  as  shown  in  Fig.  7  wherein 
the  difference  H  in  level  therebetween  is  smaller  in 
the  region  that  the  rate  of  change  of  focus  voltage 

io  level  is  lower,  i.e.,  in  the  vicinity  of  the  focus 
position  P  of  the  focusing  lens  system  1.  As  a 
result  of  the  control  of  the  difference  H,  the  return- 
ing  distance  M  is  shortened  to  prevent  the  swing 
between  the  focus  and  defocus  conditions  due  to 

is  the  returning  of  the  focusing  lens  system  1  to  the 
focus  position  P. 

Although  in  the  second  embodiment  the  dif- 
ference  H  is  controlled  in  order  to  shorten  the 
returning  distance  M,  it  is  also  appropriate  that  the 

20  compressed  focus  voltage  is  expanded  to  be  re- 
stored  to  the  original  voltage  and  is  amplified  in 
accordance  with  the  gain  so  as  to  be  obtained  as 
indicated  by  Ea  in  Fig.  8.  In  this  case,  the  returning 
distance  M  is  also  shortened  without  controlling  the 

25  difference  H.  A  third  embodiment  of  an  automatic 
focusing  system  according  to  the  present  invention 
is  based  on  the  fact.  That  is,  the  microcomputer  3 
amplifies  (multiplies)  the  the  compressed  focus 
voltage  in  at  least  the  lowest  gain  condition  to  the 

30  original  voltage,  whereby  the  rate  of  change  of  the 
focus  voltage  in  level  becomes  increased  in  the 
vicinity  of  the  focus  position  P  so  that  the  returning 
distance  M  is  shortened  to  prevent  the  swing  be- 
tween  the  focus  and  defocus  conditions.  Since  a 

35  crcuit  arrangement  of  the  third  embodiment  is  simi- 
lar  to  that  of  the  second  embodiment  with  the 
exception  of  the  amplification  of  the  focus  voltage, 
the  description  thereof  is  omitted  for  brevity. 

Figs.  9A  and  9B  are  a  flow  chart  showing 
40  operation  of  the  microcomputer  3  in  the  second  or 

third  embodiment,  in  which  steps  corresponding  to 
those  in  Figs.  5A  and  5B  are  marked  with  the 
identical  numerals  and  the  detailed  description 
thereof  will  be  omitted.  In  Figs.  9A  and  9B,  steps 

45  104,  106,  114,  116,  132  and  134  are  added.  In 
each  of  the  steps  104,  114  and  132,  the  focus 
voltage  E  read  in  each  preceeding  step  is  checked 
whether  the  focus  voltage  is  within  the  predeter- 
mined  range  between  Nmin  and  Nmax.  If  the  de- 

50  cision  is  "YES",  control  goest  to  the  step  108,  118 
or  136.  If  the  decision  is  "NO",  control  goes  to  the 
step  106,  116  or  134.  The  steps  106,  116  and  134 
are  identical  to  each  other  and  are  shown  as  a 
subroutine  in  Fig.  10,  in  which  a  step  300  is  firstly 

55  executed  to  check  whether  the  read  focus  voltage 
E  is  larger  than  Nmax.  Dependent  on  whether  the 
decision  in  the  step  300  is  "YES  or  "NO",  control 
goes  to  a  step  302  or  304  to  change  the  control 

5 
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signal  S4  by  one  step  to  decrease  or  increase  the 
gain  of  the  gain  control  circuit  15,  respectively. 
Then,  the  registers  A1,  B1,  A2  and  B2  are  cleared 
in  a  step  306.  Control  advances  to  a  step  308  to 
start  a  timer  and  then  to  a  step  310  to  check 
whether  a  predetermined  time  period  is  elasped. 
The  predetermined  time  period  may  be  set  to  a 
time  period  necessary  to  settle  the  transition  re- 
sponse  caused  by  the  stepwise  variation  of  the 
gain,  for  example,  to  2  to  3  times  of  the  sampling 
interval  of  the  focus  voltage  (about  30  to  50  msec). 
After  the  predetermined  time  period  is  elapsed,  the 
control  returns  to  the  steps  102  or  128. 

It  should  be  noted  that  in  the  case  of  the 
second  embodiment  the  reference  voltages  SEn 
compared  in  the  steps  108,  118  and  136  are  varied 
in  accordance  with  the  control  signal  S4  at  the  time 
of  the  comparison.  On  the  other  hand,  in  the  case 
of  the  third  embodiment,  the  focus  voltage  E  com- 
pared  in  the  steps  108,  118  and  138  is  amplified 
(multiplied)  in  accordance  with  the  control  signal 
S4  in  advance  of  the  comparison. 

It  should  be  understood  that  the  fore  going 
relates  to  only  preferred  embodiments  of  the 
present  invention,  and  that  it  is  intended  to  cover 
all  changes  and  modifications  of  the  embodiments 
of  this  invention  herein  used  for  the  purposes  of 
the  disclosure,  which  do  not  consititute  departures 
from  the  scope  of  the  invention. 

Claims 

1.  An  automatic  focusing  system  including  a  fo- 
cusing  lens  system  (1)  and  an  image  pickup 
device  (7)  for  converting  a  light  beam  incident 
thereon  from  an  object  through  said  focusing 
lens  system  into  a  corresponding  electrical  sig- 
nal,  comprising: 

filter  means  (9)  coupled  to  said  image  pic- 
kup  device  for  deriving  a  predetermined  high- 
frequency  component  from  said  electrical  sig- 
nal; 

detector  means  (11)  coupled  to  said  filter 
means  for  detecting  a  focus  voltage  corre- 
sponding  to  the  derived  predetermined  high- 
frequency  component,  the  level  of  said  focus 
voltage  varying  in  accordance  with  the  position 
of  said  focusing  lens  system  (1)  so  as  to 
assume  a  maximum  when  said  focusing  lens 
system  takes  the  in-focus  position; 

drive  means  (2)  for  driving  said  focusing 
lens  system  in  both  directions  along  its  optical 
axis;  and 

control  means  (3)  coupled  to  said  detector 
means  for  comparing  successive  focus  vol- 
tages  with  each  of  a  plurality  of  reference 
voltages  which  increase  in  steps,  and  coupled 
to  said  drive  means  (2)  for  controlling  said 

drive  means  in  accordance  with  the  result  of 
the  comparison  so  that  said  focusing  lens  sys- 
tem  (1)  takes  the  focus  position  with  respect  to 
said  object; 

5  said  control  means  (3)  in  use  detecting 
that  first  and  second  said  focus  voltages  are 
respectively  equal  to  first  and  second  refer- 
ence  voltages,  and  when  the  first  and  second 
reference  voltages  are  equal  to  each  other, 

io  controlling  said  drive  means  (2)  so  that  said 
focusing  lens  system  is  positioned  at  the  mid- 
dle  point  between  the  position  corresponding 
to  the  first  reference  voltage  and  the  position 
corresponding  to  the  second  reference  voltage, 

is  and  when  the  second  reference  voltage  is 
higher  than  the  first  reference  voltage  control- 
ling  said  drive  means  so  that  said  forming  lens 
system  moves  continuously  and,  when  said 
first  reference  voltage  is  higher  than  said  sec- 

20  ond  reference  voltage,  controlling  said  drive 
means  so  that  said  focusing  lens  system  is 
moved  to  a  position  corresponding  to  the  first 
reference  voltage. 

25  2.  An  automatic  focusing  system  according  to 
claim  1  wherein  where  said  first  and  second 
reference  voltages  are  not  equal  to  each  other 
said  control  means  controls  said  drive  so  that 
the  focusing  system  moves  in  the  direction 

30  towards  the  position  giving  the  higher  refer- 
ence  voltage. 

3.  An  automatic  focusing  system  as  claimed  in 
claim  1  or  2  further  comprising  gain  control 

35  circuit  means  which  is  provided  between  said 
filter  means  and  said  detector  means  and 
which  is  arranged  so  that  its  gain  is  controlled 
stepwise  to  be  decreased  by  a  predetermined 
value  in  accordance  with  a  gain  control  signal 

40  from  said  control  means  whereby  the  focus 
voltage  is  kept  in  a  predetermined  range,  and 
wherein  said  control  means  control  the  dif- 
ference  in  level  between  the  plurality  of  refer- 
ence  voltages  so  as  to  be  varied  stepwise  in 

45  accordance  with  the  amount  of  the  gain  deter- 
mined  in  the  gain  control. 

4.  An  automatic  focusing  system  as  claimed  in 
claim  1  or  2  including  gain  control  circuit 

50  means  which  is  provided  between  said  filter 
means  and  said  detector  means  and  which  is 
arranged  so  that  its  gain  is  controlled  stepwise 
to  be  decreased  by  a  predetermined  value  in 
accordance  with  a  gain  control  signal  from  said 

55  control  means  whereby  the  focus  voltage  is 
kept  in  a  predetermined  range,  and  wherein 
said  control  means  amplifies  the  focus  voltage 
so  that  the  amplification  degree  is  determined 
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in  accordance  with  the  amount  of  the  gain  in 
the  gain  control. 

Patentanspruche 

1.  System  zur  automatischen  Scharfeinstellung, 
das  ein  Fokussierlinsensystem  (1)  und  eine 
Bildaufnahmevorrichtung  (7)  zum  Umsetzen 
von  darauf  von  einem  Objekt  her  uber  das 
Fokussierlinsensystem  einfallenden  Lichtstrah- 
len  in  ein  entsprechendes  elektrisches  Signal 
und  das 

eine  an  die  Bildaufnahmevorrichtung  ange- 
schlossene  Filtereinrichtung  (9)  zum  Entneh- 
men  einer  vorbestimmten  Hochfrequenzkom- 
ponente  aus  dem  elektrischen  Signal, 

eine  an  die  Filtereinrichtung  angeschlosse- 
ne  Detektoreinrichtung  (11)  zum  Erfassen  einer 
der  entnommenen  vorbestimmten  Hochfre- 
quenzkomponente  entsprechenden  Fokusspan- 
nung,  deren  Pegel  sich  entsprechend  der  Lage 
des  Fokussierlinsensystems  (1)  derart  andert, 
da/S  er  ein  Maximum  annimmt,  wenn  das  Fo- 
kussierlinsensystem  die  Scharfeinstellungslage 
einnimmt, 

eine  Stellvorrichtung  (2)  zum  Verstellen 
des  Fokussierlinsensystems  in  beiden  Richtun- 
gen  langs  der  optischen  Achse  desselben  und 

eine  Steuereinrichtung  (3)  aufweist,  die  an 
die  Detektoreinrichtung  angeschlossen  ist,  urn 
aufeinanderfolgende  Fokusspannungen  mit  je- 
der  von  einer  Vielzahl  von  Bezugsspannungen 
zu  vergleichen,  die  stufenweise  ansteigen,  und 
die  an  die  Stellvorrichtung  (2)  angeschlossen 
ist,  urn  die  Stellvorrichtung  entsprechend  dem 
Vergleichsergebnis  derart  zu  steuern,  da/S  das 
Fokussierlinsensystem  (1)  die  Scharfeinstel- 
lungslage  bezuglich  des  Objekts  einnimmt, 

wobei  die  Steuereinrichtung  (3)  in  Anwen- 
dung  erfa/St,  da/S  eine  erste  und  eine  zweite  der 
Fokusspannungen  jeweils  gleich  einer  ersten 
bzw.  zweiten  Bezugsspannung  sind,  und  dann, 
wenn  die  erste  und  die  zweite  Bezugsspan- 
nung  einander  gleich  sind,  die  Stellvorrichtung 
(2)  derart  steuert,  da/S  das  Fokussierlinsensy- 
stem  auf  den  mittleren  Punkt  zwischen  der  der 
ersten  Bezugsspannung  entsprechenden  Lage 
und  der  der  zweiten  Bezugsspannung  entspre- 
chenden  Lage  eingestellt  wird,  und  dann,  wenn 
die  zweite  Bezugsspannung  hoher  als  die  er- 
ste  Bezugsspannung  ist,  die  Stellvorrichtung 
derart  steuert,  da/S  sich  das  Fokussierlinsensy- 
stem  kontinuierlich  bewegt,  bzw.  dann,  wenn 
die  erste  Bezugsspannung  hoher  als  die  zwei- 
te  Bezugsspannung  ist,  die  Stellvorrichtung 
derart  steuert,  da/S  das  Fokussierlinsensystem 
in  eine  Lage  bewegt  wird,  die  der  ersten  Be- 
zugsspannung  entspricht. 

2.  System  zur  automatischen  Scharfeinstellung 
nach  Anspruch  1,  in  dem  dann,  wenn  die  erste 
und  die  zweite  Bezugsspannung  nicht  einander 
gleich  sind,  die  Steuereinrichtung  die  Stellvor- 

5  richtung  derart  steuert,  da/S  sich  das  Fokus- 
sierlinsensystem  in  der  Richtung  zu  der  Lage 
hin  bewegt,  die  die  hohere  Bezugsspannung 
ergibt. 

io  3.  System  zur  automatischen  Scharfeinstellung 
nach  Anspruch  1  oder  2,  das  ferner  eine  Ver- 
starkungsregelschaltungseinrichtung  aufweist, 
die  zwischen  die  Filtereinrichtung  und  die  De- 
tektoreinrichtung  geschaltet  ist  und  die  derart 

is  gestaltet  ist,  da/S  ihre  Verstarkung  entspre- 
chend  einem  Verstarkungsregelsignal  stufen- 
weise  urn  einen  vorbestimmten  Wert  verringert 
wird,  wodurch  die  Fokusspannung  in  einem 
vorbestimmten  Bereich  gehalten  wird,  wobei 

20  die  Steuereinrichtung  die  Pegeldifferenz  zwi- 
schen  der  Vielzahl  von  Bezugsspannungen 
derart  steuert,  da/S  sie  sich  stufenweise  ent- 
sprechend  dem  bei  der  Verstarkungsregelung 
bestimmten  Verstarkungsausma/S  andert. 

25 
4.  System  zur  automatischen  Scharfeinstellung 

nach  Anspruch  1  oder  2,  das  eine  Verstar- 
kungsregelschaltungseinrichtung  enthalt,  die 
zwischen  die  Filtereinrichtung  und  die  Detek- 

30  toreinrichtung  geschaltet  ist  und  die  derart  ge- 
staltet  ist,  da/S  ihre  Verstarkung  entsprechend 
einem  Verstarkungsregelsignal  aus  der  Steuer- 
einrichtung  stufenweise  urn  einen  vorbestimm- 
ten  Wert  verringert  wird,  wodurch  die  Fokus- 

35  spannung  in  einem  vorbestimmten  Bereich  ge- 
halten  wird,  wobei  die  Steuereinrichtung  die 
Fokusspannung  derart  verstarkt,  da/S  der  Ver- 
starkungsgrad  entsprechend  dem  Verstar- 
kungsausma/S  bei  der  Verstarkungsregelung 

40  bestimmt  ist. 

Revendicatlons 

1.  Systeme  de  focalisation  automatique  constitue 
45  par  un  systeme  de  lentille  de  focalisation  (1)  et 

un  dispositif  recepteur  d'image  (7)  pour 
convertir  un  faisceau  lumineux  tombant  sur  ce 
dispositif  a  partir  d'un  objet,  a  travers  le  syste- 
me  de  lentille  de  focalisation,  en  un  signal 

50  electrique  correspondant,  comprenant: 
un  moyen  formant  filtre  (9)  couple  audit 

dispositif  recepteur  d'image  pour  deriver  une 
composante  a  haute  frequence  predeterminee 
dudit  signal  electrique, 

55  un  moyen  formant  detecteur  (11)  couple 
audit  moyen  formant  filtre  pour  detecter  une 
tension  focale  correspondant  a  la  composante 
a  haute  frequence  predeterminee  qui  a  ete 
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derivee,  le  niveau  de  la  tension  focale  variant 
en  fonction  de  la  position  du  systeme  de  lentil- 
le  de  focalisation  (1)  de  maniere  a  se  trouver  a 
un  maximum  lorsque  le  systeme  de  lentille  de 
focalisation  prend  la  position  focale,  5 

un  moyen  d'entraTnement  (2)  pour  entraT- 
ner  ledit  systeme  de  lentille  de  focalisation 
dans  deux  sens  le  long  de  son  axe  optique,  et 

un  moyen  de  commande  (3)  couple  audit 
moyen  formant  detecteur  pour  comparer  des  10 
tensions  focales  successives  avec  chacune 
d'une  pluralite  de  tensions  de  reference  qui 
croissent  par  paliers,  et  couple  au  moyen  d'en- 
traTnement  (2)  pour  commander  ce  moyen 
d'entraTnement  en  fonction  du  resultat  de  la  is 
comparaison,  de  sorte  que  le  systeme  de  len- 
tille  de  focalisation  (1)  prend  la  position  focale 
par  rapport  audit  objet, 

ledit  moyen  de  commande  (3)  utilise  de- 
tectant  que  les  premiere  et  deuxieme  tensions  20 
focales  sont  respectivement  egales  aux  pre- 
miere  et  deuxieme  tensions  de  reference,  et, 
lorsque  les  premiere  et  deuxieme  tensions  de 
reference  sont  egales  I'une  a  I'autre,  comman- 
dant  ledit  moyen  d'entraTnement  (2)  de  telle  25 
maniere  que  le  systeme  de  lentille  de  focalisa- 
tion  soit  positionne  au  milieu  entre  la  position 
correspondant  a  la  premiere  tension  de  refe- 
rence  et  la  position  correspondant  a  la  deuxie- 
me  tension  de  reference,  et,  lorsque  la  deuxie-  30 
me  tension  de  reference  est  superieure  a  la 
premiere  tension  de  reference,  commandant 
ledit  moyen  d'entraTnement  de  telle  maniere 
que  ledit  systeme  de  lentille  de  formation  se 
deplace  d'une  maniere  continue  et,  lorsque  35 
ladite  premiere  tension  de  reference  est  supe- 
rieure  a  la  deuxieme  tension  de  reference, 
commandant  ledit  moyen  d'entraTnement  de 
telle  maniere  que  le  systeme  de  lentille  de 
focalisation  soit  deplace  a  une  position  corres-  40 
pondant  a  la  premiere  tension  de  reference. 

commande  par  paliers  pour  diminuer  d'une 
valeur  predeterminee  en  fonction  d'un  signal 
de  commande  de  gain  envoye  par  ledit  moyen 
de  commande  grace  a  quoi  la  tension  focale 
est  maintenue  dans  une  plage  predeterminee, 
et  dans  lequel  ledit  moyen  de  commande 
commande  la  difference  de  niveau  entre  la 
pluralite  de  tensions  de  reference  de  maniere 
qu'elle  varie  par  paliers  en  fonction  du  degre 
de  gain  determine  dans  le  moyen  de  comman- 
de  de  gain. 

Systeme  de  focalisation  automatique  selon  la 
revendication  1  ou  2,  comportant  un  moyen 
formant  circuit  de  commande  de  gain  qui  est 
dispose  entre  ledit  moyen  formant  filtre  et  ledit 
moyen  formant  detecteur  et  qui  est  configure 
de  telle  maniere  que  son  gain  est  commande 
par  paliers  pour  diminuer  d'une  valeur  prede- 
terminee  en  fonction  d'un  signal  de  commande 
de  gain  envoye  par  ledit  moyen  de  comman- 
de,  grace  a  quoi  la  tension  focale  est  mainte- 
nue  dans  une  plage  predeterminee,  et  dans 
lequel  ledit  moyen  de  commande  amplifie  la 
tension  focale,  de  sorte  que  le  degre  d'amplifi- 
cation  est  determine  en  fonction  du  degre  de 
gain  dans  le  moyen  de  commande  de  gain. 

Systeme  de  focalisation  automatique  selon  la 
revendication  1,  dans  lequel,  lorsque  lesdites 
premiere  et  deuxieme  tensions  de  reference  45 
ne  sont  pas  egales  I'une  a  I'autre,  ledit  moyen 
de  commande  commande  ledit  moyen  d'en- 
traTnement  de  telle  maniere  que  le  systeme  de 
focalisation  se  deplace  en  direction  de  la  posi- 
tion  fournissant  la  tension  de  reference  plus  so 
elevee. 

3.  Systeme  de  focalisation  automatique  selon  la 
revendication  1  ou  2,  comprenant  en  outre  un 
moyen  formant  circuit  de  commande  de  gain  55 
qui  est  dispose  entre  ledit  moyen  formant  filtre 
et  ledit  moyen  formant  detecteur  et  qui  est 
configure  de  telle  maniere  que  son  gain  est 
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