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@  Interlocked  zooming  apparatus. 

@  Disclosed  is  an  improved  interlocked  zooming  apparatus 
used  in  a  two-barrel  type  stereo  scopic  camera.  The  improved 
interlocked  zooming  apparatus  comprises  an  adjusting  appara- 
tus  for  adjusting  the  range  of  movement  of  one  Of  zoom  lenses 
and  an  automatic  image  magnification  adjusting  apparatus  for 
matching  the  rates  of  the  change  in  size  of  images  formed  by 
two  cameras.  Since  the  sizes  of  the  images  in  each  of  the 
wide-angle  end  and  the  telephoto  end  are  first  made  uniform  by 
the  adjusting  apparatus  before  sensing  an  image,  the  sizes  of 
the  images  formed  by  both  the  cameras  are  uniform  over  all  the 
zoom  region. 
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Description 

Interlocked  Zooming  Apparatus 

at  the  time  of  zooming  match. 
The  conventional  interlocked  zooming  apparatus 

is  structured  as  described  above.  Thus,  the  zoom 
lenses  of  the  right  and  left  video  cameras  must  be 
manually  adjusted  every  time  the  condition  for 
sensing  an  image  such  as  a  place  where  a  picture  is 
taken  is  changed.  Thus,  the  operability  of  the 
cameras  is  poor  at  the  time  of  sensing  an  image,  so 
that  it  takes  a  lot  of  time  to  take  a  picture. 

Additionally,  in  the  conventional  interlocked 
zooming  apparatus,  the  range  of  adjustment  of  two 
zoom  lenses  is  limited.  More  specifically,  the  first 
and  second  zoom  lenses  are  not  necessarily 
manufactured  to  be  all  the  same.  Even  though  the 
first  and  second  zoom  lenses  are  manufactured  to 
be  all  the  same,  they  are  not  necessarily  incorpor- 
ated  in  the  main  bodies  of  the  video  cameras  in  all 
the  same  manner.  Various  parts  used  when  the 
zoom  lenses  are  respectively  incorporated  in  the 
video  cameras  are  not  all  the  same.  Since  an 
ordinary  DC  motor  is  used  as  a  motor  for  moving  the 
zoom  lenses  by  electric  power,  it  is  difficult  to 
uniformly  perform  the  control.  In  addition,  it  is 
difficult  to  make  constant  the  environmental  condi- 
tion  at  the  time  of  sensing  an  image  and  setting  for 
setting  a  pair  of  cameras.  Thus,  it  is  difficult  for  a 
user  to  manually  adjust  the  sizes  of  images  formed 
by  a  pair  of  video  cameras  under  such  conditions. 
More  specifically,  it  is  actually  difficult  to  simulta- 
neously  adjust  the  sizes  of  the  right  and  left  images 
according  to  changes  in  zoom  ratios  of  the  zoom 
lenses  by  manually  operating  the  focusing  means 
and  the  variator  means  in  a  two-barrel  type  stereo 
scopic  camera. 

SUMMARY  OF  THE  INVENTION 
Therefore,  an  object  of  the  present  invention  is  to 

easily  adjust  the  sizes  of  right  and  left  images 
formed  when  the  zoom  ratios  of  two  zoom  lenses 
are  varied,  in  a  interlocked  zooming  apparatus  in  a 
two-barrel  type  stereo  scopic  camera. 

Another  object  of  the  present  invention  is  to  make 
uniform  the  sizes  of  right  the  left  images  at  the  time 
of  zooming,  in  an  interlocked  zooming  apparatus  in  a 
two-barrel  type  stereo  scopic  camera. 

Still  another  object  of  the  present  invention  is  to 
easily  make  uniform  the  sizes  of  two  images  formed 
by  right  and  left  zoom  lenses,  in  an  interlocked 
zooming  apparatus. 

A  further  object  of  the  present  invention  is  to 
easily  vary  the  zoom  ratio,  in  an  interlocked  zooming 
apparatus. 

The  present  invention  is  directed  to  an  interlocked 
zooming  apparatus  for  operating  a  pair  of  video 
cameras  in  a  synchronized  manner  provided  spaced 
apart  from  each  other  for  sensing  an  image  of  the 
same  object,  one  of  the  pair  of  video  cameras 
comprising  a  first  zoom  lens  and  the  other  video 
camera  comprising  a  second  zoom  lens,  which 
comprises  first  focal  length  changing  means  for 
changing  the  focal  length  of  the  first  zoom  lens, 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 
The  present  invention  relates  generally  to  inter- 

locked  zooming  apparatuses  suitable  for  use  in  a 
stereo  camera  comprising  a  pair  of  video  cameras, 
or  the  like,  and  more  particularly  to  an  interlocked  10 
zooming  apparatus  capable  of  easily  carrying  out 
interlocked  zooming. 

Description  of  the  Background  Art 
An  interlocked  zooming  apparatus  of  interest  to  15 

the  present  invention  is  disclosed  in,  for  example, 
Japanese  Patent  Laying-Open  Gazette 
No.  62687/1982.  Fig.  1  is  a  typical  diagram  showing 
an  image  pick  up  apparatus  comprising  a  conven- 
tional  interlocked  zooming  apparatus  appeared  in  20 
the  gazette. 

Referring  to  Fig.  1,  the  image  pick  up  apparatus 
having  the  conventional  interlocked  zooming  ap- 
paratus  comprises  first  and  second  video  cameras 
101  and  102  for  sensing  an  image  of  an  object  1  16  to  25 
be  photographed,  a  synchronizing  signal  generator 
1  17  for  generating  a  signal  for  operating  the  first  and 
second  video  cameras  101  and  102  in  a  syn- 
chronized  manner,  and  a  signal  switching  device  118 
for  switching  output  signals  from  the  first  and  30 
second  video  cameras  101  and  102.  The  first  and 
second  video  cameras  101  and  102  respectively 
comprise  first  and  second  zoom  lenses  103  and  104 
for  zooming.  The  first  and  second  zoom  lenses  103 
and  104  respectively  comprise  variator  means  105  35 
and  106  for  varying  the  magnification  of  the  object  by 
respectively  changing  the  focal  lengths  of  the  zoom 
lenses,  and  focusing  means  108  and  109  for 
respectively  adjusting  the  focuses  of  the  zoom 
lenses  changed  by  the  variator  means  105  and  106.  40 
The  conventional  interlocked  zooming  apparatus 
further  comprises  an  in-focus  operating  member  107 
for  interlocking  the  focusing  means  1  08  and  1  09  with 
each  other  and  a  variator  operating  member  110  for 
interlocking  the  variator  means  105  and  106  with  45 
each  other.  Both  the  in-focus  operating  member  107 
and  the  variator  operating  member  110  are  operated 
by  manually  operating  portions  41  and  44.  Connec- 
tions  between  the  focusing  means  108  and  109  and 
the  in-focus  operating  member  107  and  between  the  50 
variator  means  105  and  106  and  the  variator 
operating  member  110  are  respectively  made  by 
flexible  cables  111. 

Description  is  now  made  on  an  operation  of  the 
conventional  interlocked  zooming  apparatus.  When  55 
the  first  and  second  video  cameras  101  and  102  are 
interlocked  with  each  other  for  zooming,  a  user 
manually  operates  the  manually  operating  portions 
41  and  44  of  the  variator  operating  member  1  10  and 
the  in-focus  operating  member  107  while  watching  a  60 
monitor  screen  (not  shown)  for  two  video  cameras. 
Consequently,  the  first  and  second  video  cameras 
101  and  102  are  manually  adjusted  such  that  images 
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Fig.  2  is  a  perspective  view  showing  a 
two-barrel  type  stereo  scopic  camera  accord- 
ing  to  the  present  invention  ; 

Fig.  3  is  a  typical  diagram  showing  the  details 
of  a  zoom  lens; 

Figs.  4A  to  4C  are  typical  diagram  showing  a 
first  mechanism  for  adjusting  the  sizes  of 
images  formed  by  right  and  left  cameras  in  each 
of  a  telephoto  end  and  a  wide-angle  end 
according  to  the  present  invention; 

Fig.  5  is  a  perspective  view  showing  a  second 
mechanism  for  adjusting  the  sizes  of  images 
formed  by  two  cameras  in  a  telephoto  end, 
according  to  the  present  invention; 

Figs.  6A  and  6B  to  12A  and  12B  are  typical 
diagrams  showing  a  mechanism  for  adjusting 
the  sizes  of  specific  images  using  an  end  image 
adjusting  apparatus  according  to  the  present 
invention; 

Fig.  13  is  a  block  diagram  showing  a 
controlling  method  of  an  interlocked  zooming 
apparatus  according  to  the  present  invention; 

Figs.  14  to  16  are  diagrams  showing  curves 
respectively  representing  the  change  in  zoom 
ratio  of  right  and  left  cameras  according  to  the 
present  invention; 

Fig.  17  is  a  diagram  showing  a  specific 
example  of  direction  of  a  telephoto  end  or  a 
wide-angle  end  of  a  zoom  ring  according  to  the 
present  invention; 

Fig.  18  is  a  diagram  showing  the  details  of  the 
block  diagram  of  Fig.  13; 

Fig.  19  is  a  flow  chart  showing  another 
content  controlled  by  an  interlocked  zooming 
apparatus  according  to  the  present  invention; 

Fig.  20  is  a  block  diagram  showing  a 
controlling  method  of  the  interlocked  zooming 
apparatus  according  to  the  present  invention; 

Fig.  21  A  and  21  B  are  typical  diagrams  for 
explaining  the  second  embodiment  for  adjust- 
ing  the  sizes  of  images  formed  by  right  and  left 
cameras  according  to  the  present  invention; 

Fig.  22  is  a  block  diagram  showing  an 
electrical  structure  of  a  second  automatic 
image  magnification  adjusting  apparatus  ac- 
cording  to  the  present  invention  ;  and 

Fig.  23  is  a  flow  chart  showing  the  content 
controlled  by  the  controlling  apparatus  shown 
in  Fig.  22. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Description  is  now  made  on  a  stereo  image  pick 
up  apparatus  according  to  the  present  invention. 

Fig.  2  is  a  perspective  view  showing  a  stereo 
image  pick  up  apparatus  to  which  an  interlocked 
zooming  apparatus  according  to  the  present  inven- 
tion  is  applied.  Referring  now  to  Fig.  2,  the  stereo 
image  pick  up  apparatus  according  to  the  present 
invention  comprises  right  and  left  cameras  10a  and 
1  0b  for  sensing  an  image  of  the  same  object,  a  tripod 
head  12  for  holding  the  right  and  left  cameras  10a 
and  10b,  and  a  tripod  15  for  supporting  the  tripod 
head  12.  The  right  and  left  cameras  10a  and  10b 
respectively  comprise  zoom  lens  portions  5a  and  5b 

second  focal  length  changing  means  for  changing 
the  focal  length  of  the  second  zoom  lens,  and  zoom 
means  driving  means  for  driving  the  first  focal  length 
changing  means  and  the  second  focal  length 
changing  means  by  electric  power  in  a  synchronized  5 
manner.  In  the  interlocked  zooming  apparatus 
according  to  the  present  invention,  the  first  and 
second  zoom  lens  focal  length  changing  means 
respectively  provided  in  the  right  and  left  cameras 
are  driven  by  electric  power  in  a  synchronized  10 
manner.  Thus,  when  the  focal  length  of  one  of  the 
zoom  lenses  is  changed,  the  focal  length  of  the  other 
zoom  lens  is  simultaneously  changed  by  electric 
power.  As  a  result,  in  the  interlocked  zooming 
apparatus  in  the  two-barrel  type  stereo  scopic  15 
camera,  the  sizes  of  right  and  left  images  can  be 
easily  adjusted  when  the  zoom  ratios  of  the  two 
zoom  lenses  are  varied. 

In  accordance  with  a  preferred  embodiment  of  the 
present  invention,  the  interlocked  zooming  appara-  20 
tus  further  comprises  magnification  adjusting  means 
for  adjusting  to  a  first  size  the  size  of  an  image  in  the 
telephoto  end  of  each  of  the  first  and  second  zoom 
lenses  and  adjusting  to  a  second  size  the  size  of  an 
image  in  the  wide-angle  end  of  each  of  the  first  and  25 
second  zoom  lenses.  Since  the  interlocked  zooming 
apparatus  comprises  the  above  described  magnifi- 
cation  adjusting  means,  adjustment  is  made  such 
that  the  sizes  of  the  images  formed  by  cameras  in 
each  of  the  telephoto  end  and  the  wide-angle  end  30 
become  uniform  respectively.  Zooming  by  each  of 
the  cameras  is  carried  out  between  the  telephoto 
end  and  the  wide-angle  end  where  the  sizes  of  the 
images  are  made  uniform.  As  a  result,  in  the 
interlocked  zooming  apparatus  in  the  two-barrel  35 
type  stereo  scopic  camera,  the  sizes  of  the  right  and 
left  images  at  the  time  of  zooming  are  always  the 
same. 

In  accordance  with  a  still  preferred  embodiment  of 
the  present  invention,  the  first  and  second  zoom  40 
lens  focal  length  changing  means  respectively 
comprise  first  and  second  zoom  lens  driving  means 
for  respectively  moving  the  first  and  second  zoom 
lenses  between  the  telephoto  end  and  the  wide- 
angle  end  by  electric  power,  the  first  and  second  45 
zoom  lens  driving  means  respectively  comprising 
pulse  motors.  The  zoom  lenses  in  the  interlocked 
zooming  apparatus  are  respectively  moved  by  the 
pulse  motors.  Pulses  can  be  sent  to  both  the  pulse 
motors  such  that  the  rates  of  changes  in  zoom  ratios  50 
of  right  and  left  zoom  lenses  match.  As  a  result,  the 
sizes  of  images  formed  by  both  the  cameras  can  be 
easily  made  uniform  according  to  the  changes  in 
zoom  ratios  of  both  the  zoom  lenses. 

The  foregoing  and  other  objects,  features,  as-  55 
pects  and  advantages  of  the  present  invention  will 
become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawings. 

60 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  typical  diagram  showing  a  conven- 
tional  image  pick  up  apparatus  using  two 
cameras;  65 
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rotation  of  a  zoom  ring  3  along  a  cam  groove 
provided  in  a  cam  barrel  2  provided  in  a  lens  barrel 
54.  A  zoom  ring  stopper  4  is  provided  in  one  end  of 
the  zoom  ring  3.  The  movement  of  the  zoom  ring 

5  stopper  4  is  regulated  by  an  aperture  of  a  frame  20 
for  moving  a  zoom  ring  (referred  to  as  zoom  ring 
frame  hereinafter)  provided  in  one  end  of  the  lens 
barrel  54.  More  specifically,  while  the  group  of 
variator  lenses  52  is  moved  by  the  length  rep- 

10  resented  by  £  in  Fig.  4A,  the  zoom  ring  3  is  rotated  by 
the  length  r  from  A  to  B  in  Fig.  4A. 

The  interlocked  zooming  apparatus  according  to 
the  present  invention  comprises  an  end  image 
adjusting  apparatus  for  making  uniform  the  sizes  of 

15  images  formed  by  right  and  left  zoom  lenses  in  each 
of  the  telephoto  end  and  the  wide-angle  end,  and  an 
automatic  image  magnification  adjusting  apparatus 
for  automatically  matching  the  rates  of  the  changes 
in  size  of  the  images  between  the  telephoto  end  and 

20  the  wide-angle  end. 
There  are  two  types  of  manners  of  making  uniform 

the  sizes  of  images  formed  by  the  zoom  lenses  5a 
and  5b  in  each  of  the  telephoto  end  and  the 
wide-angle  end  and  manners  of  automatically  match- 

25  ing  the  rates  of  the  changes  in  size  of  the  images 
between  the  telephoto  end  and  the  wide-angle  end. 
The  manners  will  be  described. 

Description  is  now  made  on  an  end  image 
adjusting  apparatus  for  making  uniform  the  sizes  of 

30  images  formed  by  zoom  lenses  in  each  of  the 
telephoto  end  and  the  wide-angle  end. 

(1)  First  embodiment  of  end  image  adjusting 
apparatus 

35  Referring  to  Fig.  4A  to  4C,  description  is  made  on 
a  manner  of  making  uniform  the  sizes  of  images 
formed  by  right  and  left  zoom  lenses  in  each  of  the 
telephoto  end  and  the  wide-angle  end,  according  to 
the  present  invention. 

40  Fig.  4B  is  a  plain  view  showing  a  portion  taken 
along  a  line  IVB-IVB  shown  in  Fig.  4A.  Referring  to 
Fig.  4B,  an  adjusting  stopper  6  on  the  telephoto  side 
and  an  adjusting  stopper  7  on  the  wide-angle  side 
for  respectively  adjusting  the  amount  of  rotation  of  a 

45  zoom  ring  3  are  provided  in  an  end  of  the  aperture  of 
the  zoom  ring  frame  20.  Elongate  holes  8a  and  9a  are 
provided  in  the  adjusting  stopper  6  on  the  telephoto 
side  and  the  adjusting  stopper  7  on  the  wide-angle 
side.  The  positions  of  the  adjusting  stopper  6  on  the 

50  telephoto  side  and  the  adjusting  stopper  on  the 
wide-angle  side  are  finely  adjusted  by  adjusting  the 
positions  of  adjusting  screws  8  and  9  in  the  elongate 
holes  8a  and  9a. 

Fig.  4C  is  a  cross-sectional  view  showing  a  portion 
55  taken  along  a  line  IVC-IVC  shown  in  Fig.  4A. 

Referring  to  Fig.  4C,  a  zoom  ring  stopper  4  is  moved 
by  rotation  between  the  adjusting  stopper  6  on  the 
telephoto  side  and  the  adjusting  stopper  7  on  the 
wide-angle  side.  More  specifically,  the  zoom  ring  3  is 

60  moved  by  rotation  between  the  adjusting  stopper  6 
on  the  telephoto  side  and  the  adjusting  stopper  7  on 
the  wide-angle  side. 

Description  is  now  made  on  a  manner  of  adjusting 
the  sizes  of  images  photographed  by  right  and  left 

65  cameras  using  the  adjusting  stoppers.  When  the 

for  forming  an  image  of  the  object,  and  image 
recording  portions  11a  and  11b  for  recording  the 
image  formed  by  the  zoom  lens  portions  5a  and  5b. 
When  a  stereo  image  of  the  object  is  formed,  a 
picture  of  the  same  object  is  taken  by  both  the 
cameras  10a  and  10b.  In  this  case,  control  is 
performed  by  an  interlocked  zooming  apparatus  as 
described  in  detail  in  the  following  such  that  the 
sizes  of  images  respectively  formed  by  the  right  and 
left  cameras  10a  and  10b  are  the  same. 

When  an  object  is  moved  in  a  lateral  direction,  the 
tripod  head  12  is  rotated  with  the  right  and  left 
cameras  10a  and  10b  being  fixed  to  the  tripod  head 
12,  so  that  both  the  cameras  10a  and  10b  are 
simultaneously  rotated.  Meanwhile,  in  the  present 
embodiment,  either  one  of  the  right  and  left  cameras 
10a  and  10b  constituting  the  stereo  image  pick  up 
apparatus  can  be  moved  in  the  direction  of  the 
optical  axis  by  d  as  represented  in  Fig.  2. 

Fig.  3  is  a  diagram  for  explaining  the  details  of 
each  of  the  zoom  lens  portions  5a  and  5b  described 
in  Fig.  2.  Referring  to  Fig.  3,  each  of  the  zoom  lens 
portions  5a  and  5b  comprises  a  group  of  variator 
lenses  52  for  varying  the  zoom  ratio,  a  group  of  front 
lenses  51  for  focusing  an  0  image  formed  by  the 
group  of  variator  lenses  52,  and  zoom  means  100  for 
interlocking  the  group  of  variator  lenses  52  with  each 
other  and  the  group  51  of  front  lenses  and  moving 
the  same,  thereby  to  adjust  the  focus  while  changing 
the  zoom  ratio.  The  zoom  means  100  comprises  a 
driving  gear  53  for  rotating  the  group  of  variator 
lenses  52  by  a  helicoid  gear  provided  in  a  lens  barrel 
54,  a  zoom  motor  55  for  driving  the  driving  gear  53, 
and  a  pinion  gear  56  for  transmitting  the  driving  force 
of  the  zoom  motor  55  to  the  driving  gear  53. 

Description  is  now  made  on  operations  of  the 
zoom  lenses  5a  and  5b.  When  the  zoom  ratio  of  an 
object  is  varied  using  each  of  the  zoom  lenses  5a 
and  5b,  a  predetermined  signal  is  inputted  to  the 
zoom  motor  55.  The  zoom  motor  55  is  rotated  in  the 
forward  direction  or  the  reverse  direction  in  re- 
sponse  to  this  signal,  so  that  the  driving  gear  53  is 
rotated  in  the  forward  or  reverse  direction  through 
the  pinion  gear  56,  whereby  the  group  of  variator 
lens  52  is  moved  in  a  predetermined  direction. 
Meanwhile,  the  zoom  motor  55  is  a  stepping  motor 
or  a  general  DC  motor  as  described  below,  the 
amount  of  the  rotation  thereof  being  surely  con- 
trolled.  In  the  above  described  manner,  the  size  of  an 
image  is  changed  by  changing  the  focal  length  of  the 
group  of  variator  lenses  52  and  at  the  same  time,  the 
group  of  front  lenses  51  is  controlled  by  predeter- 
mined  focusing  means  (not  shown),  so  that  a 
focused  image  is  formed  on  the  recording  portions 
1  1  a  and  1  1  b  in  the  video  cameras  1  0a  and  1  0b. 

Fig.  4A  is  a  perspective  view  showing  each  of  the 
zoom  lenses  5a  and  5b  for  explaining  the  interlocked 
zooming  apparatus  according  to  the  present  inven- 
tion.  In  Fig.  4A  for  explaining  each  of  the  zoom 
lenses  5a  and  5b,  only  a  portion  related  to  the 
interlocked  zooming  apparatus  is  clearly  shown. 

Referring  to  Fig.  4A,  a  groove  of  variator  lenses  52 
in  each  of  the  zoom  lenses  5a  and  5b  is  moved  by  the 
length  represented  by  £  from  the  wide-angle  end  to 
the  telephoto  end.  This  movement  is  achieved  by 
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zoom  lens  5a,  and  Fig.  6B  corresponds  to  the  left 
zoom  lens  5b.  (In  Figs.  6A  and  6B,  A  and  B 
respectively  correspond  to  the  zoom  lenses  5a  and 
5b.)  The  adjusting  stoppers  6  and  7  shown  in  Fig.  4A 

5  are  respectively  provided  in  the  wide-angle  end  and 
the  telephoto  end  of  a  zoom  ring  frame  20  of  each  of 
right  and  left  cameras  (the  adjusting  stoppers  6 
and  7  are  referred  to  as  an  adjusting  mechanism  14 
hereinafter). 

10  Figs.  7A  and  7B  are  typical  diagrams  showing 
another  adjusting  mechanism  using  the  end  image 
adjusting  apparatus  according  to  the  first  embodi- 
ment.  In  Figs.  7A  and  7B,  the  adjusting  stoppers  6 
and  7  shown  in  Fig.  4A  are  respectively  provided  in 

15  the  wide-angle  end  and  the  telephoto  end  of  the 
zoom  ring  frame  20  of  one  of  cameras,  while  the 
adjusting  mechanism  14  is  not  provided  in  the  zoom 
ring  frame  20  of  the  other  camera. 

In  Figs.  8A  and  8B,  the  adjusting  mechanism  14 
20  shown  in  Fig.  4A  is  provided  in  the  wide-angle  end  of 

the  zoom  ring  frame  20  of  one  of  zoom  lenses,  while 
the  adjusting  mechanism  14  shown  in  Fig.  4A  is 
provided  in  the  telephoto  end  of  the  zoom  ring  frame 
20  of  the  other  zoom  lens. 

25  Figs.  10A  and  10B  are  typical  diagrams  showing  a 
mechanism  for  adjusting  the  sizes  of  second 
specific  images,  which  is  a  combination  of  the  first 
and  second  embodiments  of  the  present  invention. 
Referring  to  Figs.  9A  and  9B,  the  adjusting  mechan- 

30  ism  14  shown  in  Fig.  4A  for  making  uniform  the  sizes 
of  right  and  left  images  is  provided  in  the  telephoto 
end  of  the  zoom  ring  frame  20  of  only  one  of 
cameras.  The  wide-angle  end  thereof  is  adjusted  by 
the  mechanism  for  moving  the  camera  body  shown 

35  in  Fig.  5  backward  and  forward  by  X.  Therefore,  the 
sizes  of  the  images  formed  by  the  right  and  left 
cameras  in  each  of  the  wide-angle  end  and  the 
telephoto  end  are  made  uniform.  On  the  contrary,  as 
shown  in  Figs.  10A  and  10B,  the  telephoto  end  may 

40  be  adjusted  by  the  mechanism  for  moving  the 
camera  body  shown  in  Fig.  5  backward  and  forward 
by  Y,  and  the  adjusting  mechanism  14  shown  in 
Fig.  4A  for  making  uniform  the  sizes  of  the  right  and 
left  images  may  be  provided  on  the  wide-angle  end 

45  of.  the  zoom  ring  frame  20,  so  that  the  sizes  of  the 
images  formed  by  the  right  and  left  cameras  in  each 
of  the  wide-angle  end  and  the  telephoto  end  may  be 
made  uniform. 

In  Figs.  11  A  and  11B  and  Figs.  12A  and  12B,  the 
50  adjusting  mechanism  14  shown  in  Fig.  4A  may  be 

provided  on  the  telephoto  end  (or  the  wide-angle 
end)  of  the  zoom  ring  frame  20  of  one  of  the  cameras 
while  a  mechanism  for  moving  the  camera  body 
shown  in  Fig.  5  backward  and  forward  may  be 

55  provided  in  the  other  camera,  so  that  the  sizes  of  the 
images  formed  by  the  right  and  left  cameras  in  each 
of  the  wide-angle  end  and  the  telephoto  end  may  be 
made  uniform. 

Description  is  now  made  on  the  automatic  image 
60  magnification  adjusting  apparatus  according  to  the 

present  invention.  The  automatic  image  magnifica- 
tion  adjusting  apparatus  is  used  for  automatically 
making  uniform  the  sizes  of  the  images  formed  by 
the  right  and  left  zoom  lenses  5a  and  5b  accordingto 

65  the  zoom  ratio.  The  present  invention  includes  two 

sizes  of  the  images  formed  by  the  right  and  left 
cameras  in  each  of  the  telephoto  end  and  the 
wide-angle  end  are  adjusted,  the  images  formed  by 
the  right  and  left  cameras  are  displayed  on  a  display 
screen  (not  shown).  The  positions  of  the  adjusting 
stopper  6  on  the  telephoto  side  and  the  adjusting 
stopper  7  on  the  wide-angle  side  are  adjusted  such 
that  the  sizes  of  the  images  formed  by  the  right  and 
left  cameras  in  each  of  the  telephoto  end  and  the 
wide-angle  end  displayed  on  the  display  screen 
become  equal.  After  adjusting  the  positions  of  the 
adjusting  stopper  6  on  the  telephoto  side  and  the 
adjusting  stopper  7  on  the  wide-angle  side,  the 
adjusting  screws  8  and  9  are  tightened,  thereby  to  fix 
the  positions  of  the  adjusting  stopper  6  on  the 
telephoto  side  and  the  adjusting  stopper  7  on  the 
wide-angle  side. 

(2)  Second  embodiment  of  end  image  adjusting 
apparatus 

Description  is  now  made  on  an  end  image 
adjusting  apparatus  for  making  uniform  the  sizes  of 
images  in  each  of  the  telephoto  end  and  the 
wide-angle  end  according  to  a  second  embodiment 
of  the  present  invention.  Fig.  5  is  a  perspective  view 
showing  a  tripod  head  12  shown  in  Fig.  2.  Right  and 
left  cameras  10a  and  10b  are  not  mounted  onthe 
tripod  head  12  for  easy  understanding.  The  tripod 
head  12  comprises  a  fixing  screw  13a  for  fixing  the 
right  camera  10a,  a  fixing  screw  13b  for  fixing  the  left 
camera  10b,  and  slide  grooves  12a  and  12b  for 
moving  the  right  and  left  cameras  10a  and  10b  in  the 
direction  of  the  optical  axis. 

When  the  sizes  of  images  formed  by  the  right  and 
left  cameras  10a  and  10b  using  the  end  image 
adjusting  apparatus  according  to  the  second  em- 
bodiment  of  the  present  invention,  either  one  of  the 
right  and  left  cameras  10a  and  10b  is  fixed  while  the 
other  camera  is  moved  along  either  one  of  the 
grooves  12a  and  12b.  Consequently,  the  sizes  of  the 
images  formed  by  the  zoom  lenses  5a  and  5b  in 
either  one  of  the  wide-angle  end  and  the  telephoto 
end  can  be  made  uniform.  After  the  sizes  of  the 
images  formed  by  the  right  and  left  cameras  10a  and 
10b  in  either  one  of  the  wide-angle  end  and  the 
telephoto  end  are  made  uniform,  the  right  and  left 
cameras  are  fixed  on  the  tripod  head  12  using  the 
fixing  screws  1  3a  and  1  3b  in  order  to  fix  the  right  and 
left  cameras  10a  and  10b. 

Meanwhile,  the  size  of  the  image  in  the  telephoto 
and  (or  the  wide-angle  end)  on  the  opposite  side  of 
the  wide-angle  end  (or  the  telephoto  end)  where  the 
sizes  of  the  image  are  adjusted  is  adjusted  using  the 
end  image  adjusting  apparatus  according  to  the  first 
embodiment  shown  in  Fig.  4A. 

Referring  now  to  Figs.  6A  and  6B  to  12A  and  12B, 
description  is  made  on  a  manner  of  adjusting 
specific  images  in  each  of  the  telephoto  end  and  the 
wide-angle  end  using  the  end  image  adjusting 
apparatus  according  to  the  above  described  first 
and  second  embodiments.  Figs.  6A  and  6B  are 
typical  diagrams  showing  a  manner  of  adjusting  the 
sizes  of  images  using  the  end  image  adjusting 
apparatus  according  the  first  embodiment  of  the 
present  invention.  Fig.  6A  corresponds  to  the  right 
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embodiments  of  the  automatic  image  magnification 
adjusting  apparatus.  In  the  first  embodiment,  a  pulse 
motor  is  used  as  a  zoom  motor.  In  the  second 
embodiment,  a  motor  other  than  the  pulse  motor, 
such  as  a  DC  motor,  may  be  used  as  the  zoom  5 
motor. 

(3)  First  embodiment  of  automatic  image 
magnification  adjusting  apparatus 

Fig.  13  is  a  block  diagram  showing  the  automatic  10 
image  magnification  adjusting  apparatus  according 
to  a  first  embodiment  of  the  present  invention. 
Referring  to  Fig.  13,  the  automatic  image  magnifica- 
tion  adjusting  apparatus  according  the  first  embodi- 
ment  of  the  present  invention  comprises  right  and  15 
left  zoom  lenses  5a  and  5b  for  sensing  an  image  of 
the  same  object,  right  and  left  motor  drivers  23a  and 
23b  for  respectively  outputting  driving  signals  to  the 
right  and  left  zoom  lenses  5a  and  5b,  a  control 
portion  20  for  outputting  to  the  motor  drivers  23a  20 
and  23b  control  signals  for  respectively  driving  the 
zoom  lenses  5a  and  5b,  a  zoom  switch  27  for 
commanding  the  control  portion  20  to  start  zooming, 
and  a  reset  switch  16  for  resetting  the  operation  of 
the  control  portion  20.  The  zoom  lenses  5a  and  5b  25 
respectively  comprise  zoom  rings  3a  and  3b  for 
changing  the  sizes  of  images  by  changing  the  focal 
length  of  a  groove  of  variator  lenses  and  right  and 
left  zoom  motors  55a  and  55b  for  respectively 
rotating  the  zoom  rings  3a  and  3b,  as  described  in  30 
Fig.  3.  Signals  for  driving  the  zoom  motors  are 
respectively  outputted  to  the  zoom  motors  55a  and 
55b  from  the  motor  drivers  23a  and  23b.  Meanwhile, 
in  the  first  embodiment  of  the  present  invention, 
each  of  the  zoom  motors  55a  and  55b  is  a  pulse  35 
motor.  The  control  portion  20  comprises  a  CPU  17 
for  controlling  an  interlocked  zooming  operation,  a 
ROM  18  and  a  RAM  25  for  storing  predetermined 
data,  and  a  battery  26  for  holding  the  data  stored  in 
the  RAM  25.  The  zoom  switch  27  comprises  three  40 
contacts  a,  b  and  c.  The  focal  length  of  each  of  the 
zoom  lenses  is  moved  to  the  telephoto  end  if  the 
switch  a  is  turned  on  while  being  moved  to  the 
wide-angle  end  if  the  switch  c  is  turned  on,  and  the 
operation  is  stopped  if  the  switch  b  is  turned  on.  45 
Meanwhile,  B  represents  a  power  source. 

Description  is  now  made  on  the  operation  of  the 
interlocked  zooming  apparatus  according  to  the 
present  invention.  When  the  reset  switch  16  is 
depressed,  an  "L"  level  signal  is  inputted  to  the  CPU  50 
17.  The  CPU  17  controls  motor  drivers  23a  and  23b 
to  move  the  zoom  rings  3a  and  3b  from  the 
wide-angle  end  to  the  telephoto  end  or  from  the 
telephoto  end  to  the  wide-angle  end  at  the  same 
pulse  rate  by  the  pulse  motors  55a  and  55b  in  55 
response  to  an  instruction  from  the  ROM  18.  On  this 
occasion,  the  number  of  pulse  steps  of  each  of  the 
right  and  left  cameras  required  for  the  movement  is 
counted  by  a  counter  contained  in  the  CPU  17. 
Meanwhile,  the  sizes  of  the  right  and  left  images  60 
formed  by  the  right  and  left  zoom  lenses  in  each  of 
the  wide-angle  end  and  the  telephoto  end  have  been 
made  uniform  in  advance  by  using  the  end  image 
adjusting  apparatus  of  the  first  embodiment 
(Figs.  4A-4C).  65 

Fig.  14  shows  curves  showing  the  change  in  zoom 
ratios  of  the  right  and  left  cameras. 

Referring  to  Fig.  14,  n  pulses  and  m  pulses  must 
be  respectively  applied  to  the  zoom  motors  in  the 
right  and  left  cameras  for  the  zoom  lenses  to  reach 
the  telephoto  end  from  the  wide-angle  end. 

The  CPU  17  samples  the  x-axis  shown  in  Fig.  14, 
to  cause  data  in  the  direction  of  the  y-axis  at  the  time 
of  sampling  to  be  stored  in  the  RAM  25.  The  CPU  17 
adjusts  the  rate  of  pulses  applied  to  the  pulse 
motors  in  the  right  and  left  cameras  on  the  basis  of 
the  stored  data.  As  a  result,  the  numbers  of  pulses 
and  the  zoom  ratios  of  both  the  cameras  approxi- 
mately  match,  respectively,  as  shown  in  Fig.  15  (a 
curve  on  the  side  of  the  left  camera)  or  Fig.  16  (a 
curve  on  the  side  of  the  right  camera. 

In  Figs.  15  and  16,  a  curve  5a'  (50b')  is  a  curve 
obtained  by  matching  the  curve  5a  (5b)  and  the 
curve  5b  (5a). 

Description  is  now  made  on  one  example  of  this 
calculation.  In  Fig.  14,  assuming  that  times  required 
for  counting  the  numbers  m  and  n  of  pulses  are 
respectively  Ti  and  T2,  the  following  equation  holds 
because  the  right  and  left  zoom  lenses  are  moved  at 
the  same  pulse  rate  in  Fig.  14: 

m n  

T,  

Additionally,  if  the  right  and  left  zoom  lenses 
respectively  reach  the  telephoto  end  from  the 
wide-angle  end  at  the  time  T1  as  shown  in  Fig.  15,  a 
pulse  rate  X  of  the  right  camera  is  as  follows: 

n  

X 

n 
X  = 

T,  

The  result  of  this  calculation  is  stored  in  the  RAM 
25,  and  the  stored  content  is  backed  up  by  the 
battery  26  even  if  the  power  supply  is  turned  off. 

In  the  above  described  manner,  the  sizes  of  the 
right  and  left  images  formed  by  the  zoom  lenses  are 
automatically  made  uniform  (referred  to  as  auto- 
tracking  hereinafter)  and  the  same,  the  zoom  switch 
27  is  switched  to  the  contact  a  when  it  is  zoomed  in 
from  the  wide-angle  end  to  the  telephoto  end,  an  "L" 
level  signal  is  applied  to  a  terminal  J  of  the  CPU  17.  It 
is  necessary  that  the  zoom  switch  27  is  switched  to 
the  contact  c  when  it  is  zoomed  out  from  the 
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pulse  integrated  by  a  resister  R1  and  a  capacitor  C1 
is  inputted  to  a  one-shot  multivibrator  32.  The  pulse 
is  inputted  from  a  OR  gate  33  to  CPU  17  after  a 
waveform  thereof  is  shaped  and  the  pulse  width 

5  thereof  is  increased.  A  signal  from  a  reset  switch  16 
goes  into  the  other  input  terminal  of  the  OR  gate  33. 
Thus,  at  the  time  of  turning  on  the  power  supply  or 
the  time  of  operating  the  reset  switch  16,  the  same 
operation  as  that  in  the  embodiment  shown  in  Fig.  13 

10  is  performed  by  the  CPU  17.  Meanwhile,  since  the 
above  described  operation  is  performed  at  the  time 
of  turning  on  the  power  supply,  a  battery  for  back  up 
is  not  required  in  a  RAM  25. 

Description  is  now  made  on  an  embodiment 
15  suitable  for  a  case  in  which  there  is  a  possibility  that 

the  mechanically  adjusted  value  is  not  satisfactory 
by  the  exerted  caused  by  the  change  in  temperature 
and  humidity  (for  example,  a  picture  is  taken  in  a  cold 
region  after  a  picture  is  taken  in  a  hot  and  humid 

20  region),  the  effect  exerted  by  the  meteorological 
conditions  such  as  a  strong  wind  and  the  change  of 
a  place  where  a  picture  is  taken  for  changing  a  scene 
to  be  photographed  or  the  like,  after  the  sizes  of  the 
right  and  left  images  formed  by  an  operation  of  the 

25  zoom  button  of  a  two-barrel  type  stereo  scopic 
camera  using  the  above  described  means  every  time 
the  zoom  ratio  is  changed  are  made  uniform  by 
interlocking  cameras  constituting  the  two-barrel 
type  stereo  scopic  camera  with  each  other. 

30  First,  the  sizes  of  the  right  and  left  images  formed 
by  zoom  lenses  in  each  of  the  wide-angle  end  and 
the  telephoto  end  are  adjusted  using  the  mechanism 
adjusting  means  shown  in  Figs.  4A-4C,  the  amount 
of  the  same  change  in  size  of  the  right  and  left 

35  images  is  measured  by  an  operation  button  included 
in  the  automatically  adjusting  means  shown  in 
Fig.  13,  and  the  sizes  of  the  images  can  be 
automatically  adjusted  according  to  the  zoom  ratio. 

After  the  above  described  setting  is  terminated 
40  once,  if  the  mechanically  adjusted  value  shown  in 

Figs.  4A-4C  is  not  satisfactory  by,  for  example,  the 
effect  exerted  by  the  change  in  temperature  of  a 
place  where  a  picture  is  taken,  a  strong  wind  or  the 
like  and  movement  of  a  place  where  a  picture  is 

45  taken,  the  zoom  rings  of  the  cameras  must  be 
adjusted  again  in  the  wide-angle  end  and  the 
telephoto  end.  However,  the  range  which  can  be 
adjusted  by  the  movement  of  the  zoom  rings  is 
narrow.  Therefore,  the  present  embodiment  uses 

50  means  for  adjusting  the  position  of  a  camera,  shown 
in  Fig.  5,  capable  of  moving  backward  and  forward 
the  position  or  positions  of  one  of  cameras  or  both 
the  cameras,  in  addition  to  the  mechanism  adjusting 
means  shown  in  Figs.  4A  to  4C. 

55  In  the  above  described  manner,  even  if  the 
mechanically  adjusted  value  adjusted  by  the  mech- 
anism  shown  in  Fig.  1  is  not  satisfactory,  the  error  of 
the  above  described  adjustment  can  be  simply 
corrected  by  adjustment  made  by  moving  backward 

60  and  forward  the  position  or  positions  of  one  of  the 
cameras  or  both  the  cameras  and  data  stored  in  the 
RAM  25  backed  up  by  the  battery  26  shown  in  Fig.  10 

telephoto  end  to  the  wide-angle  end.  Consequently, 
an  "L"  level  signal  is  applied  to  a  terminal  K  of  tfee 
CPU  17,  so  that  the  CPU  17  drives  the,  right  and  left 
pulse  motors  55a  and  55b  (see  Fig.  13)  in  a  period 
during  which  the  "L"  level  signal  is  applied  such  that 
the  sizes  of  the  right  and  left  images  are  made 
uniform  based  on  data  (exponential  function  data) 
stored  in  the  RAM  25. 

Description  is  further  made  on  the  first  embodi- 
ment  shown  in  Fig.  13.  Fig.  17  is  a  diagram  showing  a 
specific  example  of  a  manner  of  detecting  the 
telephoto  end  and  the  wide-angle  end  of  the  zoom 
ring,  Fig.  18  is  a  diagram  showing  the  details  of  the 
first  embodiment  shown  in  Fig.  13,  and  Fig.  19  is  a 
flow  chart  of  Fig.  18. 

Referring  to  Fig.  17,  afixed  index  ring  28  is  painted 
in  black  and  a  white  index  line  29  is  drawn  thereon.  A 
sensor  31  for  sensing  a  white  line  is  attached  to  a 
zoom  ring  30  with  a  bis,  which  together  with  the 
zoom  ring  30,  is  moved.  Thus,  when  the  sensor  31 
senses  the  index  line  29,  it  is  determined  that  the 
zoom  ring  30  reaches  the  telephoto  end  or  the 
wide-angle  end. 

In  the  example  described  in  Fig.  13,  at  the  same 
time  that  the  zoom  ring  30  starts  in  the  wide-angle 
end  of  the  zoom  ring  frame  and  reaches  the 
telephoto  end,  the  sensor  31  senses  the  index  line 
29,  to  inform  the  CPU  that  the  zoom  ring  30  reaches 
the  telephoto  end. 

Referring  now  to  Figs.  18  and  19,  description  is 
made  on  a  specific  operation  of  the  CPU  17. 

When  a  reset  switch  16  is  turned  on  (in  the  step 
#10),  the  CPU  17  applies  pulses  having  the  same 
rate  to  motor  drivers  23a  and  23b  (in  the  steps  #12 
and  #14),  thereby  to  move  zoom  lenses  of  the  right 
and  left  cameras  from  the  wide-angle  end  to  the 
telephoto  end.  When  sensors  31  respectively  at- 
tached  to  zoom  rings  of  the  right  and  left  cameras 
respectively  detect  the  telephoto  end  (in  the  step 
#16),  applications  of  the  pulses  to  the  drivers  23a 
and  23b  are  respectively  stopped.  On  this  occasion, 
the  number  of  pulses  corresponding  to  the  amount 
of  the  same  change  in  size  of  the  right  and  left 
images  is  counted  (in  the  step  #18),  the  result  of 
the  counting  being  stored  in  a  RAM  25  (in  the  step 
#20).  Then,  the  rate  and  the  number  of  pulses 
applied  to  the  zoom  motors  corresponding  to  the 
amount  of  the  same  change  in  size  of  the  right  and 
left  images  are  calculated  (in  the  step  #22),  the 
result  of  the  calculation  being  stored  in  the  RAM  25 
(in  the  step  #24).  When  a  zoom  button  27  is  turned 
on  (in  the  step  #26),  the  pulses  applied  to  the  right 
and  left  zoom  motors  are  applied  to  the  motor 
drivers  23a  and  23b  so  as  to  make  uniform  the  sizes 
of  the  right  and  left  images  based  on  the  result  of  the 
calculation  stored  in  the  RAM  25  every  time  the 
zoom  ratio  is  changed  (in  the  step  #28). 

With  reference  to  the  embodiment  shown  in 
Fig.  13,  Fig.  20  shows  an  example  in  which  the  sizes 
of  the  right  and  left  images  can  be  automatically 
made  uniform  every  time  the  zoom  ratio  is  changed 
at  the  time  of  operating  a  zoom  button  when  the 
power  supply  is  turned  on,  other  than  the  time  of 
operating  a  reset  switch  16. 

In  Fig.  20,  when  the  power  supply  is  turned  on,  a 65 
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along  the  direction  of  the  optical  axis  of  the  groups 
of  variator  lenses  52a  and  52b.  Meanwhile,  in  the 
automatic  image  magnification  adjusting  apparatus 
according  to  the  second  embodiment,  each  of  the 

5  zoom  motors  55a  and  55b  may  be  an  ordinary  DC 
motor  other  than  a  pulse  motor,  unlike  the  case  of 
the  first  embodiment. 

The  control  portion  20  comprises  motor  control 
portions  411a  and  411b  for  respectively  controlling 

10  the  zoom  motors  55a  and  55b  for  respectively 
moving  the  right  and  left  zoom  lenses  5a  and  5b, 
light  reception  detecting  portions  412a  and  412b  for 
respectively  receiving  signals  from  the  photo  sen- 
sors  57a  and  57b  through  input  circuits  22a  and  22b, 

15  a  control  portion  414  for  outputting  signals  for 
moving  the  groups  of  variator  lenses  52a  and  52b  to 
a  position  to  be  a  predetermined  focal  length  in 
response  to  a  signal  indicating  the  zoom  direction  of 
the  zoom  motors  inputted  through  the  input  circuit 

20  31,  and  a  light  emission  control  portion  413  for 
respectively  transmitting  the  control  signal  from  the 
control  portion  414  to  the  diode  arrays  58a  and  58b 
through  the  driving  circuits  24a  and  24b  to  cause  the 
diode  in  a  predetermined  position  to  emit  light.  The 

25  component  of  the  zoom  switch  27  is  the  same  as 
that  in  Fig.  13  and  hence,  the  description  thereof  is 
omitted. 

In  Fig.  22,  the  control  portion  20  enclosed  by  a 
broken  line  is  operated  by  a  software  constituted  by 

30  a  microcomputer  comprising  a  CPU,  a  ROM,  a  RAM 
and  tne  like,  as  shown  in  Fig.  13. 

An  output  of  the  photo  sensor  57  (subscripts  a 
and  b  corresponding  to  the  right  and  left  cameras 
are  omitted  hereinafter)  is  sent  out  to  the  light 

35  reception  detecting  portion  412  through  the  input 
circuit  22,  and  an  output  of  the  light  emission  control 
portion  413  is  lead  to  the  diode  array  58  through  the 
driving  circuit  24.  An  output  of  the  motor  control 
portion  41  1  is  sent  out  to  the  zoom  motor  55  through 

40  the  motor  driver  23. 
An  output  of  the  zoom  switch  27  provided  in  an 

operating  portion  of  the  camera  body  (not  shown)  is 
led  to  the  control  portion  414  through  the  input 
circuit  31  .  An  output  for  control  is  sent  out  to  the 

45  light  emission  control  portion  413  and  the  motor 
control  portion  411  from  this  control  portion  414.  An 
output  from  the  light  reception  detecting  portion  412 
is  applied  to  the  motor  control  portion  411. 

Referring  now  to  Fig.  21  A,  description  is  made  on 
50  the  automatic  image  magnification  adjusting  appara- 

tus  according  to  the  second  embodiment  of  the 
present  invention. 

When  a  zoom  motor  55  is  rotated  and  a  zoom 
ring  3  is  rotated,  the  group  of  variator  lenses  52  is 

55  moved  in  the  direction  of  the  optical  axis  by  a 
helicoid  in  a  lens  barrel  54.  Therefore,  the  focal 
lengths  of  the  first  and  second  zoom  lenses  5a  and 
5b  are  changed,  so  that  the  zoom  ratio  is  varied.  This 
zoom  ratio  is  increased  as  the  group  of  variator 

60  lenses  52  is  moved  to  the  side  of  the  lens  barrel  54  at 
the  back  thereof  while  being  decreased  as  it  is 
moved  to  the  side  of  the  lens  of  front  lenses  51.  In 
addition,  a  light  emitting  diode  62  to  be  lighted  is 
changed  as  the  group  of  variator  lenses  52  is  moved. 

65  The  light  emitted  by  the  assigned  the  light  emitting 

(4)  Second  embodiment  of  automatic  image 
magnification  adjusting  apparatus 

Fig.  21  A  is  a  perspective  view  showing  a  main  part 
of  an  automatic  image  magnification  adjusting 
apparatus  according  to  a  second  embodiment  of  the 
present  invention,  and  Fig.  21  B  is  a  cross-sectional 
view  in  which  the  zoom  lens  shown  in  Fig.  21  A  is  cut 
by  a  surface  including  the  optical  axis.  Fig.  21  A  is 
almost  the  same  as  the  perspective  view  of  the  zoom 
lens  shown  in  Fig.  3  and  the  same  portions  have  the 
same  reference  numerals  and  hence,  the  description 
thereof  is  omitted. 

The  zoom  lens  shown  in  Fig.  21A  comprises  a 
photo  sensor  57  provided  in  a  front  end  of  a  group  of 
variator  lenses  52  and  a  diode  array  58  aligned  in  the 
direction  of  an  optical  axis  of  the  group  of  variator 
lenses  52,  unlike  the  zoom  lens  shown  in  Fig.  3. 

Referring  to  Fig.  21  B,  the  diode  array  58  com- 
prises  a  plurality  of  miniaturized  light  emitting  diodes 
62  successively  aligned  and  partitions  59  provided 
for  respectively  partitioning  the  light  emitting  diodes 
62,  whereby  the  diode  array  58  is  divided  into  a 
plurality  of  small  chambers  61.  Increasing  numbers 
starting  with  0  are  assigned  to  the  plurality  of  light 
emitting  diodes  62  back  from  a  group  of  front  lenses 
51  corresponding  to  the  positions  thereof.  The 
length  of  the  photo  sensor  57  embedded  in  a  lower 
portion  of  a  lens  barrel  60  in  the  direction  of  the 
optical  axis  is  approximately  the  same  as  the  length 
of  the  small  chambers  61  in  the  direction  of  the 
optical  axis.  The  photo  sensor  57  can  receive  only 
light  of  the  light  emitting  diode  62  provided  in  the 
corresponding  small  chamber  61. 

Meanwhile,  the  diode  array  58  can  be  slightly 
moved  in  the  direction  of  the  optical  axis  such  that 
so  that  the  difference  in  zoom  ratio  between  the  right 
and  left  zoom  lenses  caused  by  variation  in  optical 
part  at  the  time  of  the  manufacture  can  be 
compensated  by  the  movement  of  the  diode  array 
58. 

Fig.  22  is  a  block  diagram  showing  an  electrical 
structure  of  a  second  automatic  image  magnification 
adjusting  apparatus  according  to  the  present  inven- 
tion,  which  corresponds  to  the  first  automatic  image 
magnification  adjusting  apparatus  shown  in  the 
block  diagram  of  Fig.  13. 

Referring  to  Fig.  22,  the  second  automatic  image 
magnification  adjusting  apparatus  according  to  the 
present  invention  comprises  right  and  left  zoom 
lenses  5a  and  5b,  motor  drivers  23a  and  23b  for 
respectively  driving  the  right  and  left  zoom  lenses  5a 
and  5b,  a  control  portion  20  for  controlling  oper- 
ations  of  the  right  and  left  zoom  lenses  5a  and  5b,  a 
zoom  switch  27  for  starting  or  stopping  the 
operations  of  the  zoom  lenses  5a  and  5b,  and  an 
input  circuit  31  for  inputting  a  signal  from  the  zoom 
switch  27  to  the  control  portion  20.  The  zoom  lenses 
5a  and  5b  respectively  comprise  groups  of  variator 
lenses  52a  and  52b  for  each  varying  the  magnifica- 
tion  of  an  image  by  changing  the  focal  length,  zoom 
motors  55a  and  55b  for  respectively  driving  the 
groups  of  variator  lenses  52a  and  52b,  photo 
sensors  57a  and  57b  respectively  provided  in  front 
ends  of  the  groups  of  variator  lenses  52a  and  52b, 
and  diode  arrays  58a  and  58b  respectively  provided 
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diode  62  received  by  the  photo  sensor  57  provided  in 
the  front  portion  of  the  lens  barrel  60  and  the  lower 
portion  of  the  group  of  front  lenses  51  ,  thereby  the 
position  of  the  group  of  variator  lenses  52  is  decided. 

Meanwhile,  in  the  second  embodiment,  it  is 
assumed  that  the  relation  between  the  zoom  ratio 
and  the  distance  of  movement  between  the  two 
zoom  lenses  has  been  adjusted  in  advance  as 
shown  in  Figs.  15  and  16. 

Fig.  23  is  a  flow  chart  showing  an  operation  of  the 
control  portion  20. 

When  the  necessity  of  the  change  in  zoom  ratio 
arises,  the  zoom  switch  27  provided  in  the  operating 
portion  is  operated.  Description  is  now  made,  by  way 
of  example,  on  an  operation  to  occur  when  a  switch 
a  for  indicating  the  increase  in  the  zoom  ratio  is 
depressed. 

It  is  determined  by  the  control  portion  414  through 
the  input  circuit  31  that  the  zoom  switch  27  is 
depressed  (in  the  step  #40).  Then,  it  is  determined 
which  of  switches  a  and  b  in  the  zoom  switch  27  is 
depressed  (in  the  step  #42).  Since  the  switch  a  for 
indicating  the  increase  in  zoom  ratio  is  now 
depressed,  the  program  proceeds  to  the  step  #44 
subsequently  to  the  step  #42. 

The  control  portion  414  instructs  the  light 
emission  control  portion  413  to  change  a  light 
emitting  diode  62  to  be  lighted.  Therefore,  when  the 
group  of  variator  lenses  52  is  in  the  position  shown 
in,  for  example,  Fig.  21  B,  the  stop  of  light  emission  of 
the  light  emitting  diode  62a  (a  numerical  value  4  is 
assigned  as  a  number  indicating  the  position  of  the 
light  emitting  diode  62  and  the  start  of  light  emission 
of  the  light  emitting  diode  62b  (a  numerical  value  5  is 
assigned  as  a  number  indicating  the  position)  are 
controlled  by  the  light  emission  control  portion  413 
(in  the  step  #44). 

An  instruction  to  move  the  group  of  variator 
lenses  52  backward  is  given  to  the  motor  control 
portion  41  1  .  The  motor  control  portion  41  1  rotates 
the  zoom  motor  55  in  accordance  with  this  instruc- 
tion,  moves  the  groups  of  variator  lenses  52 
backward  and  waits  until  a  detection  signal  is  sent 
out  from  the  light  reception  detecting  portion  412  (in 
the  steps  #46  and  #48). 

When  the  group  of  variator  lenses  52  is  moved 
backward  and  the  photo  sensor  57  reaches  the 
position  corresponding  to  the  light  emitting  diode 
62b  to  which  the  numerical  value  5  is  assigned,  light 
from  the  light  emitting  diode  62b  is  received  by  the 
photo  sensor  57.  Light  reception  is  detected  by  the 
light  reception  detecting  portion  412  through  the 
input  circuit  22,  the  result  of  the  detection  being  sent 
out  to  the  motor  control  portion  411.  The  motor 
control  portion  411  informed  of  this  detection  of  light 
reception  stops  driving  the  zoom  motor  55  (in  the 
step  #50). 

The  foregoing  operation  is  performed  to  move 
both  the  groups  of  variator  lenses  52a  and  52b 
(although  in  the  flow  chart  of  Fig.  23,  description  is 
made  on  movement  of  one  group  of  variator  lenses 
52,  the  groups  of  variator  lenses  52a  and  52b  are 
actually  simultaneously  moved  by  time  sharing). 
Therefore,  when  driving  by  the  zoom  motor  55  is 
stopped,  the  zoom  ratios  of  the  two  zoom  lenses 

(first  and  second  lenses)  becomes  the  same. 
The  control  portion  414  examines  whether  the 

zoom  switch  27  continues  to  be  depressed  (in  the 
step  #40).  When  the  zoom  switch  27  continues  to 

5  be  depressed,  the  same  instruction  as  described 
above  is  given  to  the  light  emission  control  portion 
413  and  the  motor  control  portion  411,  to  further 
increase  the  zoom  ratio  (in  the  steps  #42  to  #50). 
In  the  above  described  manner,  the  zoom  ratio 

10  continues  to  be  increased  while  the  zoom  switch  27 
is  being  depressed.  When  the  zoom  switch  27  is  not 
depressed,  the  program  is  returned  to  the  step  #40. 

When  the  switch  b  in  the  zoom  switch  27  is 
depressed,  almost  the  same  operation  as  described 

15  above  is  performed.  In  the  step  #52  subsequently 
to  the  step  #42,  the  light  emission  control  portion 
413  gives  an  instruction  to  move  the  position  of  the 
light  emitting  diode  62  to  be  lighted  by  one  in  the 
direction  of  the  group  of  front  lenses  51  as  well  as 

20  gives  the  motor  control  portion  411  an  instruction  to 
move  the  group  of  variator  lenses  52  to  the  side  of 
the  group  of  front  lenses  51  (in  the  step  #54).  - 

The  motor  control  portion  411  rotates  the  zoom 
motor  55  until  it  is  informed  of  detection  of  light 

25  reception  by  the  light  reception  detecting  portion 
412.  When  the  motor  control  portion  411  moves  the 
group  of  variator  lenses  52  to  the  side  of  the  group  of 
front  lenses  51  and  it  is  informed  of  detection  of  light 
reception,  rotation  of  the  zoom  motor  55  is  stopped 

30  (in  the  steps  #56  and  #58). 
The  foregoing  operation  is  repeated.  When  the 

switch  b  is  not  depressed,  the  program  is  returned 
to  the  step  #40. 

The  group  of  variator  lenses  52  is  moved  in 
35  accordance  with  the  foregoing  description.  When 

the  zoom  switch  27  is  turned  on  and  then,  turned  off, 
the  zoom  ratios  of  one  zoom  lens  including  the 
groove  52a  of  variator  lenses  and  the  other  zoom 
lens  including  the  groove  52b  of  variator  lenses  are 

40  equal. 
It  should  be  noted  that  the  present  invention  is  not 

limited  to  the  above  described  embodiments.  In  the 
above  described  embodiments,  the  zoom  ratio  is 
detected  based  on  the  position  of  the  group  of 

45  variator  lenses  52  in  the  direction  of  the  optical  axis. 
However,  the  zoom  ratio  may  be  detected  by 
detecting  the  position  of  the  zoom  ring  3  in  the 
direction  of  rotation. 

In  the  above  described  embodiments,  the  diode 
50  array  58  is  used  to  detect  the  position  of  the  group  of 

variator  lenses  52  in  the  direction  of  the  optical  axis. 
Description  was  made  on  a  feed  back  type  control 
system  in  which  it  is  determined  that  the  group  of 
variator  lenses  52  is  in  a  predetermined  position 

55  when  the  position  of  the  light  emitting  diode  62  to  be 
lighted  in  the  diode  array  58  is  changed  and  light 
from  this  light  emitting  diode  62  the  position  of  which 
is  changed  is  received  by  the  photo  sensor  57. 
However,  the  present  invention  is  not  limited  to  the 

60  same.  For  example,  a  position  detecting  plate  having 
a  very  small  slit  along  the  direction  of  the  optical  axis 
may  be  provided  and  a  photo  sensor,  a  light  emitting 
diode  and  the  like  for  detecting  this  slit  may  be 
provided  on  the  side  of  the  lens  barrel  60.  When  a  slit 

65  adjacent  to  the  slit  detected  before  movement  of  the 
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lens  barrel  60  is  detected  by  the  photo  sensor,  it  may 
be  determined  that  the  group  of  variator  lenses  52  is 
moved  to  a  predetermined  position. 

As  described  in  the  foregoing,  according  to  the 
present  invention,  since  the  interlocked  zooming 
apparatus  used  in  the  two-barrel  type  stereo  scopic 
camera  comprises  an  end  image  adjusting  appara- 
tus  and  an  automatic  image  magnification  adjusting 
apparatus,  adjustment  is  made  such  that  the  sizes  of 
images  formed  by  both  cameras  in  each  of  the 
wide-angle  end  and  the  telephoto  end  are  the  same. 
Thus,  the  sizes  of  the  right  and  left  images  formed 
when  the  zoom  ratio  is  varied  is  easily  made. 

In  accordance  with  a  preferred  embodiment,  the 
zoom  lenses  are  moved  by  the  pulse  motors,  so  that 
adjustment  is  more  easily  made. 

In  accordance  with  another  preferred  embodi- 
ment,  an  amount  of  movement  of  each  of  the  zoom 
lenses  is  calculated  in  advance,  and  feed  back 
control  is  performed  such  that  the  zoom  lens  is 
moved  by  the  amount  of  movement.  As  a  result,  the 
zoom  ratio  is  surely  adjusted  by  DC  motors  other 
than  the  pulse  motors. 

Although  the  present  invention  has  been  de- 
scribed  and  illustrated  in  detail,  it  is  clearly  under- 
stood  that  the  same  is  by  way  of  illustration  and 
example  only  and  is  not  to  be  taken  by  way  of 
limitation,  the  spirit  and,  scope  of  the  present 
invention  being  limited  only  by  the  terms  of  the 
appended  claims. 

There  are  described  above  novel  features  which 
the  skilled  man  will  appreciate  give  rise  to  advant- 
ages.  These  are  each  independent  aspects  of  the 
invention  to  be  covered  by  the  present  application, 
irrespective  of  whether  or  not  they  are  included 
within  the  scope  of  the  following  claims. 

first  size  the  size  of  an  image  in  said  first 
position  of  each  of  said  first  zoom  means  and 
said  second  zoom  means  and  adjusting  to  a 
second  size  the  size  of  an  image  in  said  second 

5  position  of  each  of  said  first  zoom  means  and 
said  second  zoom  means. 

3.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  2,  wherein  said  magnification 
adjusting  means  comprises 

10  first  position  adjusting  means  for  adjusting  said 
first  position  of  said  first  zoom  means,  and 
second  position  adjusting  means  for  adjusting 
said  second  position  of  said  first  zoom  means. 

4.  The  interlocked  zooming  apparatus  ac- 
15  cording  to  claim  3,  wherein  said  magnification 

adjusting  means  further  comprises 
third  position  adjusting  means  for  adjusting 
said  first  position  of  said  second  zoom  means, 
and 

20  fourth  position  adjusting  means  for  adjusting 
said  second  position  of  said  second  zoom 
means. 

5.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  1  ,  wherein 

25  said  object  is  arranged  on  the  optical  axis  of 
each  of  said  video  cameras,  and 
said  magnification  adjusting  means  comprises 
video  camera  moving  means  for  independently 
moving  at  least  one  of  said  video  cameras  to  the 

30  direction  of  said  optical  axis. 
6.  The  interlocked  zooming  apparatus  ac- 

cording  to  claim  5,  wherein 
said  pair  of  video  cameras  is  held  in  single 
holding  means,  a  groove  along  said  optical  axis 

35  of  at  least  one  of  said  video  cameras  being 
provided  in  said  holding  means,  and 
at  least  one  of  said  video  cameras  comprises  a 
projection  extending  into  said  groove, 
whereby  said  video  camera  moving  means 

40  moves  said  at  least  one  of  video  cameras  along 
said  groove,  thereby  to  move  said  video 
camera. 

7.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  2,  wherein 

45  said  first  focal  length  changing  means  and  said 
second  focal  length  changing  means  respec- 
tively  comprise  first  driving  means  and  second 
driving  means  for  respectively  moving  said  first 
zoom  means  and  said  second  zoom  means 

50  between  said  first  position  and  said  second 
position  by  electric  power. 

8.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  7,  wherein  said  first  zoom 
means  is  moved  by  a  first  distance,  thereby  to 

55  be  moved  from  said  first  position  to  said  second 
position,  said  second  zoom  means  is  moved  by 
a  second  distance,  thereby  to  be  moved  from 
said  first  position  to  said  second  position,  and 
there  exist  a  constant  relation  between  the 

60  zoom  ratio  represented  by  the  ratio  of  said 
second  size  to  said  first  size  and  said  first 
distance  or  said  second  distance,  and  which 
further  comprises 
driving  speed  control  means  for  controlling  said 

65  first  driving  means  and  said  second  driving 

Claims 

1.  An  interlocked  zooming  apparatus  for 
operating  a  pair  of  video  cameras  in  a  syn- 
chronized  manner  provided  spaced  apart  from 
each  other  for  sensing  an  image  of  the  same 
object,  one  video  camera  of  said  pair  of  video 
cameras  comprising  first  zoom  means  and  the 
other  video  camera  comprising  second  zoom 
means,  which  comprises: 
first  focal  length  changing  means  for  changing 
the  focal  length  of  said  first  zoom  means, 
second  focal  length  changing  means  for  chang- 
ing  the  focal  length  of  said  second  zoom 
means,  and 
zoom  means  driving  means  for  driving  said  first 
focal  length  changing  means  and  said  second 
focal  length  changing  means  in  a  synchronized 
manner  by  electric  power. 

2.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  1  ,  wherein  each  of  said  first  and 
second  zoom  means  being  moved  between  a 
first  position  corresponding  to  a  first  focal 
length  and  a  second  position  corresponding  to 
a  second  focal  length,  and  which  further 
comprises 
magnification  adjusting  means  for  adjusting  to  a 

10 
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first  position  indicating  means  and  second 
position  indicating  means  respectively  extend- 
ing  from  said  first  position  to  said  second 
position  along  said  first  and  second  zoom 
means,  and 
first  indicated  position  detecting  means  and 
second  indicated  position  detecting  means  for 
respectively  detecting  the  positions  indicated 
by  said  first  and  second  position  indicating 
means. 

13.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  12,  Wherein 
said  first  position  indicating  means  and  said 
second  position  indicating  means  respectively 
comprise  a  first  plurality  of  light  emitting  means 
and  a  second  plurality  of  light  emitting  means 
respectively  arranged  from  said  first  position  to 
said  second  position,  and 
said  first  indicated  position  detecting  means 
and  said  indicated  position  detecting  means 
respectively  comprise  photo  sensors. 

14.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  13,  wherein 
said  first  and  second  plurality  of  light  emitting 
means  sequentially  emit  light,  respectively,  in 
said  extending  direction  at  speeds  correspond- 
ing  to  said  first  and  second  rates. 

means  such  that  said  first  and  second  zoom 
means  are  respectively  moved  by  said  fifst 
distance  and  said  second  distance  in  the  same 
first  time  period. 

9.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  8,  which  further  comprises 
calculating  means  for  calculating  a  first  rate 
from  said  first  distance  and  said  first  time  period 
and  calculating  a  second  rate  from  said  second 
distance  and  first  time  period. 

10.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  9,  wherein 
said  first  driving  means  and  said  second  driving 
means  respectively  comprise  pulse  motors,  and 
said  driving  speed  control  means  sends  pulses 
to  said  first  driving  means  at  said  first  rate  while 
sending  pulses  to  said  second  driving  means  at 
said  second  rate. 

11.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  9,  which  further  comprises 
first  positioning  means  and  second  positioning 
means  for  respectively  positioning  said  first 
zoom  means  and  said  second  zoom  means 
corresponding  to  said  first  rate  and  said  second 
rate. 

12.  The  interlocked  zooming  apparatus  ac- 
cording  to  claim  1  1  ,  wherein  said  first  position- 
ing  means  and  said  second  positioning  means 
respectively  comprise 
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