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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  an  automatic  eye  re- 
fractive  power  measuring  apparatus  for  automati- 
cally  measuring  refractive  power  of  an  eye  under 
test,  and  more  particularly  to  an  automatic  eye 
refractive  power  measuring  apparatus  for  detecting 
focussing  state  of  a  measuring  target  image  projec- 
ted  to  a  retina  of  the  eye  under  test  by  an  opto- 
electric  detector,  indicating  the  focussing  state  of 
the  measuring  target  image  by  electrical  signal 
outputted  from  the  opto-electric  detector,  and  mea- 
suring  refractive  power  of  the  eye  under  test. 

BACKGROUND  OF  THE  INVENTION 

There  has  been  known  an  automatic  eye  re- 
fractive  power  measuring  apparatus  for  projecting  a 
measuring  target  image  to  the  retina  of  an  eye 
under  test  by  using  infrared  light  as  invisible  light 
and  automatically  measuring  focussing  state  of  the 
measuring  target  image.  In  this  type  of  automatic 
eye  refractive  power  measuring  apparatus,  the  an- 
terior  portion  of  the  eye  under  test  is  collimated  by 
a  television  monitor,  etc.  in  order  to  position  the 
eye  under  test. 

In  the  conventional  automatic  eye  refractive 
power  measuring  apparatus,  the  measuring  target 
image  is  projected  on  an  opto-electric  element  for 
detecting  only  focussing  state  and  no  means  is 
provided  for  a  tester  himself  to  observe  the  mea- 
suring  target  image  directly. 

Therefore,  in  the  conventional  automatic  eye 
refractive  power  measuring  apparatus,  even  when 
an  adverse  affection  is  exerted  on  the  measuring 
target  image  by  reflection  of  the  cornea  and  crystal 
body,  or  by  reflection  light  reflected  on  the  eye- 
lashes  and  eyelid,  the  tester  himself  cannot  recog- 
nize  it.  Accordingly,  the  test  result  lacks  depend- 
ability.  Also,  even  when  accommodation  is  acted 
on  the  eye  under  test,  it  is  required  to  be  judged 
from  the  result  of  the  measurement.  Therefore,  in 
order  to  increase  dependability,  a  high  eyesight  art 
of  the  tester  himself  is  required. 

EP-A-0  177  005  which  is  an  intermediate  docu- 
ment  (date  of  priority  :  October  2,  1984  ;  date  of 
publication  :  April  9,  1986)  describes  an  eye  exam- 
ining  apparatus  which  is  capable  of  the  accurate 
detection  of  any  abnormality  in  the  optical  system 
of  a  patient's  eye  which  might  exist  at  any  position 
of  the  eye,  and  also  which  is  capable  of  providing 
easy  measurement  of  the  degree  of  refraction  of 
the  patient's  eye.  The  apparatus  comprises  a  target 
projecting  system  for  projecting  onto  a  retina  a 
target  image  to  be  measured  ;  focalizing  means  for 
detecting  the  focus  of  the  target  to  be  measured 

and  for  focalizing  it  on  the  retina  ;  and  an  optical 
transfer  function  measuring  system  for  detecting 
the  contrast  of  the  target  image  to  be  measured, 
which  is  focalized  on  the  retina,  and  thereby  mea- 

5  suring  the  optical  transfer  function  of  the  patient's 
eye. 

OBJECT  OF  THE  INVENTION 

io  It  is  therefore  a  first  object  of  the  present 
invention  to  provide  a  highly  dependable  automatic 
eye  refractive  power  measuring  apparatus,  wherein 
a  measuring  target  image  is  made  as  a  visible 
image  so  that  the  tester  himself  can  observe  it  and 

75  the  tester  can  always  confirm  the  state  of  the 
measuring  target  image  on  the  retina  of  the  eye 
under  test  during  the  automatic  measurement  of 
refractive  power  of  the  eye  under  test. 

A  second  object  of  the  present  invention  is  to 
20  provide  an  automatic  eye  refractive  power  measur- 

ing  apparatus,  wherein  a  measurement  application 
scope  can  be  improved  by  avoiding  inability  of 
measurement  due  to  level  down  of  light  quantity  of 
the  measuring  target  image  on  the  retina  which  is 

25  occurred  in  such  cases  as  when  the  eye  under  test 
is  suffered  from  a  disease  such  as  cataract,  the 
diameter  of  the  pupil  of  the  eye  under  test  is  small 
and  the  like. 

30  SUMMARY  OF  THE  INVENTION 

In  order  to  achieve  the  above  objects,  the 
invention  describes  an  automatic  eye  refractive 
power  measuring  apparatus  for  automatically  mea- 

35  suring  the  refractive  power  of  an  eye  under  test  by 
measuring  objectively  the  focusing  state  of  a  mea- 
surement  target  projected  onto  the  retina  of  the 
eye  under  test,  comprising: 

*  a  target  image  projection  system  for  projec- 
40  ting  with  invisible  tight  the  image  of  a  mea- 

suring  target  onto  the  retina  of  the  eye  under 
test; 

*  an  imaging  optical  system  for  imaging  at  an 
imaging  position  a  reflection  image  of  the 

45  measuring  target  image  reflected  by  the  ret- 
ina; 

*  an  opto-electric  detector  having  a  photosen- 
sitive  surface  disposed  at  said  imaging  posi- 
tion  and  arranged  to  output  an  electrical  sig- 

50  nal  corresponding  to  the  reflection  image  of 
the  measuring  target  image  formed  on  the 
photosensitive  surface; 

*  display  means  for  converting  the  reflection 
image  of  the  measuring  target  image  to  a 

55  visible  image  in  accordance  with  said  elec- 
trical  signal  and  for  displaying  the  converted 
visible  image;  and 
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*  computer  means  for  calculating  the  refractive 
power  of  the  eye  under  test  in  accordance 
with  said  electrical  signal;  wherein 

*  the  computer  means  are  arranged  to  be  se- 
lectively  operable  in  either  an  automatic  mea- 
surement  mode  or  a  manual  measurement 
mode,  where 
*  in  said  automatic  measurement  mode  the 

focusing  state  of  the  measuring  target  im- 
age  projected  onto  the  retina  is  deter- 
mined  in  accordance  with  said  electrical 
signal  and  the  refractive  power  of  the  eye 
under  test  is  automatically  calculated 
based  on  said  focusing  state,  and  where 

*  in  said  manual  measurement  mode  a  man- 
ual  measurement  means  is  activated  for 
measuring  the  refractive  power  of  the  eye 
under  test  by  an  operator  directly  observ- 
ing  the  focusing  state  of  the  measurement 
target  image  on  said  display  means  and 
manually  activating  said  computer  means 
to  calculate  the  refractive  power  of  the  eye 
under  test  in  accordance  with  said  elec- 
trical  signal  describing  the  observed  focus- 
ing  state  of  the  measurement  target  im- 
age;  and 

*  measurement  mode  switching  means  ,  for 
selectively  activating  said  automatic  measure- 
ment  mode  and  said  manual  measurement 
mode,  are  automatically  selectively  activated 
by  said  computer  means  depending  on  the 
light  intensity  of  the  reflection  image  of  the 
measuring  target  image  detected  by  the 
opto-electric  detector. 

In  one  embodiment  of  the  invention  the  com- 
puter  means  automatically  activate  said  measure- 
ment  mode  switching  means  to  switch  to  the  man- 
ual  measurement  mode  when  the  detected  light 
intensity  of  the  reflection  image  of  the  measuring 
target  image  is  less  than  a  predetermined  value. 

Advantageously  the  invention  apparatus  may 
also  comprises  : 

*  a  measurement  finish  switch  for  storing  the 
measured  focusing  state  at  a  first  predeter- 
mined  meridian  in  the  computer  means  when 
said  switch  is  activated  during  the  manual 
measurement  mode;  and 

*  means  for  rotating  said  measuring  target  rela- 
tive  to  the  eye  under  test  to  measure  the 
focusing  state  of  the  measuring  target  image 
along  a  second  predetermined  meridian 

Since  the  invention  is  such  constituted  as  men- 
tioned  above,  a  measuring  target  image  projected 
to  the  retina  of  the  eye  under  test  is  detected  by 
an  opto-electric  detector,  the  measuring  target  im- 
age  is  indicated  based  on  electrical  signal  output- 
ted  from  the  opto-electric  detector,  and  such  in- 
formation  as  slit  space  of  an  image  showing  its 

focussing  state  is  automatically  measured.  Accord- 
ingly,  the  tester  can  know  whether  the  measuring 
target  image  projected  to  the  retina  of  the  eye 
under  test  is  affected  by  something  and  judge 

5  dependability  of  the  measurement  result. 
That  is,  according  to  this  automatic  eye  refrac- 

tive  power  measuring  apparatus,  a  comparatively 
more  accurate  eyesight  test  can  be  carried  out. 
Further,  according  to  the  constitution  of  the  inven- 

io  tion,  the  slit  space,  etc.  indicating  focussing  state 
of  the  measuring  target  image  projected  to  the 
retina  of  the  eye  under  test  is  measured  by  using 
electrical  signal  outputted  from  the  opto-electric 
detector.  Accordingly,  an  opto-electric  detector  as 

is  a  detecting  portion  for  measurement  and  an  opto- 
electric  detector  for  indicating  an  image  are  not 
required  to  provide  separately.  Thus,  a  simple  con- 
stitution  of  the  apparatus  is  obtainable. 

According  to  the  constitution  of  the  invention, 
20  not  only  auto-measurement  but  also  manual  mea- 

surement  in  which  the  tester  observes  the  mea- 
surement  target  image  of  the  display  means  can 
be  effected.  Accordingly,  even  if  such  an  instance 
should  arise  as  inability  of  measurement  due  to 

25  shortage  of  light  quantity  of  the  measuring  target 
image  projected  on  the  retina  caused  by  disease  or 
the  like  of  the  patient,  manual  measurement  can  be 
easily  carried  out  by  simply  switching  the  measur- 
ing  mode  without  using  additional  measuring  ap- 

30  paratuses.  Accordingly,  the  measurement  applica- 
ble  scope  can  be  enlarged. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

35  Fig.  1  is  a  schematic  constitution  of  an  optical 
system  of  an  automatic  eye  refractive  power 
measuring  apparatus  according  to  the  present 
invention; 
Fig.  2  is  a  perspective  view  of  a  target  plate 

40  constituting  the  optical  system; 
Fig.  3  is  a  plan  view  of  a  chart  plate  constituting 
the  optical  system; 
Figs.  4  through  6  are  schematic  views  showing 
various  types  of  imaging  state  of  a  measuring 

45  target  image  formed  by  the  optical  system; 
Fig.  7  15  a  measurement  circuit  for  actuating  the 
automatic  eye  refractive  power  measuring  ap- 
paratus;  and 
Figs.  8(a)  through  8(c)  are  flow  charts  for  run- 

so  ning  a  program  by  the  measurement  circuit. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

55  Fig.  1  illustrates  an  optical  system  of  an  auto- 
matic  eye  refractive  power  measuring  apparatus 
according  to  the  present  invention. 

3 
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In  Fig.  1,  1  denotes  a  target  image  projection 
system,  2  denotes  an  imaging  optical  system,  3 
denotes  a  common  use  optical  system  commonly 
used  for  both  the  target  image  projection  system  1 
and  the  imaging  optical  system  2,  4  denotes  a 
chart  projection  system,  5  denotes  a  sighting  op- 
tical  system,  6  denotes  an  eye  under  test,  and  7 
denotes  an  anterior  portion. 

The  target  image  projection  system  1  has  such 
a  function  as  to  form  a  target  image  on  a  retina  8 
by  projecting  target  light  to  the  retina  8  of  the  eye 
6  under  test  through  the  common  use  optical  sys- 
tem  3.  The  target  image  projection  system  1  gen- 
erally  comprises  a  luminous  element  9,  a  con- 
denser  lens  10,  a  target  plate  11,  reflection  prisms 
12,  13,  a  relay  lens  14,  a  reflection  prism  15,  and  a 
half  moon  diaphragm  plate  16.  In  this  embodiment, 
the  luminous  element  9  emits  infrared  light  as 
invisible  light.  The  infrared  light  becomes  parallel 
bundle  of  rays  by  the  condenser  lens  10  to  illu- 
minate  the  target  plate  11.  The  target  plate  11,  as 
shown  in  Fig.  2,  is  formed  with  slits  11a  through 
1  1  d  and  attached  with  four  deflection  prisms  11e 
through  1  1  n.  Due  to  the  foregoing,  the  target  plate 
1  1  is  illuminated  by  the  infrared  light  to  form  mea- 
suring  target  light.  At  this  time,  the  deflection 
prisms  11e  through  1  1  h  deflects  the  measuring 
target  light  to  a  direction  perpendicular  to  the  lon- 
gitudinal  direction  of  the  slits. 

The  common  use  optical  system  3  comprises  a 
slit  prism  17,  an  image  rotator  18,  an  objective  lens 
19,  and  a  beam  splitter  20.  The  measuring  target 
light  from  the  target  plate  11  is  reflected  by  the 
reflection  prisms  12,  13,  15,  guided  to  the  half 
moon  diaphragm  plate  16,  passes  through  half 
moon  holes  16a,  16b,  and  reflected  on  a  reflection 
surface  17a  of  the  split  prism  17.  The  measuring 
target  light  reflected  on  the  reflection  surface  17a 
passes  the  pupil  of  the  eye  6  under  test  through 
image  rotator  18,  objective  lens  19  and  beam  split- 
ter  20,  and  is  projected  on  the  retina  8. 

The  half  moon  diaphragm  16  is  disposed  in 
such  a  manner  as  to  be  in  a  conjugate  relation  with 
the  pupil  position  of  the  eye  6  under  test  in  a 
proper  position  with  respect  to  the  objective  lens 
19.  The  half  moon  diaphragm  16  is  adapted  to 
block  harmful  reflection  light  for  measurement  from 
the  anterior  portion  7  of  the  eye  6  under  test  and 
enter  the  target  light  to  the  eye  6  under  test.  The 
image  rotator  18  is  adapted  to  rotates  the  measur- 
ing  target  image  formed  on  the  retina  8  by  angle  0 
in  the  meridian  direction  of  the  eye  6  under  test  by 
rotating  it  about  an  optical  axis  I  of  the  common 
use  optical  system  3  by  angle  of  0/2. 

The  reflection  light  of  the  measuring  target 
image  projected  on  the  retina  8  is  guided  to  the 
imaging  optical  system  2  through  beam  splitter  20, 
objective  lens  19,  slit  hole  17a  of  the  slit  prism  17, 

an  opening  21a  formed  in  the  central  portion  of  an 
opening  diaphragm  plate  21,  relay  lens  22  and 
reflection  prism  23.  The  opening  diaphragm  21  is 
disposed  in  a  conjugate  position  with  the  pupil  of 

5  the  eye  6  under  test  and  adapted  to  guide  the 
reflection  light  passing  through  the  central  portion 
of  the  pupil  to  the  relay  lens  22. 

The  imaging  optical  system  2  generally  com- 
prises  a  reflection  mirror  24,  a  movable  lens  25,  a 

io  reflection  mirror  26,  a  half  mirror  27,  and  an  imag- 
ing  lens  28.  The  imaging  optical  system  2  is  adapt- 
ed  to  guide  the  reflection  light  of  the  measuring 
target  image  formed  on  the  retina  8  to  a  photosen- 
sitive  surface  29a  of  a  photosensitive  apparatus  29 

is  as  an  opto-electric  detector  and  forms  a  measuring 
target  image  thereon.  In  this  embodiment,  if  the 
image  rotator  18  is  rotated  about  the  optical  axis  I 
by  angle  of  0/2  as  mentioned  above,  the  measuring 
target  image  is  rotated  by  angle  of  0  in  its  rotating 

20  direction.  However,  since  the  reflection  light  re- 
flected  on  the  retina  8  passes  through  the  image 
rotator  18  again,  it  causes  the  measuring  target 
image  to  rotate  by  angle  of  0  in  the  opposite 
direction  with  respect  to  the  rotating  direction  of  the 

25  image  rotator  18  and  the  photosensitive  surface 
29a  of  the  image  pick-up  apparatus  29  is  formed 
with  a  measuring  target  image  facing  toward  a 
predetermined  direction  irrespective  of  the  rotation 
of  the  image  rotator  18. 

30  The  chart  projection  system  4  generally  com- 
prises  a  tungsten  lamp  30  as  visible  light  source,  a 
condenser  lens  31,  a  color  correction  filter  32,  a 
chart  plate  33,  a  movable  lens  34,  a  relay  lens  35, 
reflection  mirrors  36,  37,  a  relay  lens  38,  a  reflec- 

35  tion  mirror  39,  and  an  objective  lens  40.  In  this 
embodiment,  the  chart  plate  33  is  illuminated  by 
the  tungsten  lamp  30  through  the  condenser  lens 
31  and  the  color  correction  filter  32.  The 
wavelength  of  the  light  emitted  from  the  tungsten 

40  lamp  30  is  selected  by  the  color  correction  filter  32 
and  only  visible  light  of  the  range  from  400  nm  to 
700  nm  is  permitted  to  pass  through  the  color 
correction  filter  32.  The  chart  plate  33  is  formed 
with  a  chart  33a  shown  in  Fig.  3  and  the  light 

45  passed  through  the  chart  33a  is  guided  to  the 
movable  lens  34  and  the  relay  lens  38.  The  light 
guided  to  the  relay  lens  38  is  shifted  its  optical 
path  by  the  reflection  mirrors  36,  37,  39,  passes 
through  the  relay  lens  38  and  the  objective  lens  40, 

50  guided  to  the  beam  splitter  41  and  projected  to- 
ward  the  eye  6  under  test  through  the  beam  splitter 
20. 

The  movable  lens  34  is  disposed  in  such  a 
manner  as  to  be  movable  in  its  optical  axis.  In 

55  objective  measurement,  the  movable  lens  34  is 
disposed  in  a  position  from  where  the  eye  6  under 
test  is  far  sighted  or  foggy  sighted  corresponding 
to  refractive  power  of  the  eye  6  under  test,  so  that 

4 
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the  measurement  can  be  carried  out  in  the  state 
that  the  accommodation  of  the  eye  6  under  test  is 
removed. 

The  anterior  portion  7  of  the  eye  6  under  test  is 
illuminated  by  an  illumination  lump  (not  shown), 
and  the  image  of  the  anterior  portion  7  of  the  eye  6 
under  test  is  formed  on  the  photosensitive  surface 
29a  of  the  image  pick-up  apparatus  29  by  the 
sighting  optical  system  5.  Reflection  bundle  of  ray 
reflected  on  the  anterior  portion  7  of  the  eye  6 
under  test  is  reflected  by  the  beam  splitters  20,  41 
and  a  reflection  mirror  42.  The  reflection  bundle  of 
ray  reflected  by  the  reflection  mirror  42  passes 
through  an  imaging  lens  43,  the  half  mirror  27  and 
the  image  pick-up  lens  28,  guided  onto  the  pho- 
tosensitive  surface  29a  of  the  image  pick-up  ap- 
paratus  29,  and  an  image  of  the  anterior  portion  is 
formed  on  the  photosensitive  surface  29a  of  the 
image  pick-up  apparatus  29. 

The  image  pick-up  apparatus  29  is  connected 
to  a  television  monitor  44,  and  45  denotes  a  dis- 
play  surface.  The  display  surface  45  displays  a 
measuring  target  image  formed  on  the  photosen- 
sitive  surface  29a  as  a  visible  image  based  on 
electrical  signal  from  the  image  pick-up  apparatus 
29.  In  Fig.  1,  46  denotes  a  measuring  target  image 
formed  by  the  imaging  optical  system  2,  and  47 
denotes  an  anterior  portion  image  formed  by  the 
sighting  optical  system  5. 

In  this  embodiment,  when  the  target  image  46 
displayed  on  the  display  surface  45  of  the  televi- 
sion  monitor  44  is  focused  on  the  retina  8,  the 
target  image  46  is  in  agreement  in  the  space  Ii 
between  a  pair  of  target  images  46a  at  its  upper 
portion  and  the  space  I2  between  a  pair  of  target 
images  46b  at  its  lower  portion  as  shown  in  Fig.  4. 
For  example,  when  the  measuring  target  image  is 
focused  at  a  front  portion  of  the  retina  8,  the  space 

is  smaller  than  the  space  I2  as  shown  in  Fig.  5. 
On  the  other  hand,  when  the  measuring  target 
image  is  focused  at  a  rear  portion  of  the  retina  8, 
the  space  is  larger  than  the  space  1  2  as  shown 
in  Fig.  6. 

In  measurement  of  the  refractive  power,  the 
target  plate  11  is  moved  in  such  a  manner  as  to 
bring  both  the  spaces  I1,  I2  of  the  measuring 
target  image  in  alignment  with  respect  to  each 
other.  The  refractive  power  is  obtained  by  moving 
quantity  at  that  time.  In  this  embodiment,  the  mov- 
able  lens  25  is  integrally  actuated  while  maintaining 
the  conjugate  relation  with  the  target  plate  1  1  . 

Next,  a  measurement  circuit  shown  in  Fig.  7 
will  be  described. 

The  electrical  signal  of  the  image  pick-up  ap- 
paratus  29  is  partly  inputted  in  the  television  moni- 
tor  44  to  display  the  image  of  the  anterior  portion. 
The  remaining  part  of  the  electrical  signal  is  input- 
ted  in  an  electrical  signal  take-off  circuit  52,  so  that 

the  electrical  signal  regarding  the  measuring  target 
image  is  taken  off  based  on  take-off  instruction 
signal  of  a  take-off  instruction  circuit  51.  Such 
taken  off  electrical  signal  is  inputted  in  a  rectangu- 

5  lar-shaped  wave  generation  circuit  53,  and  the 
wave  shape  thereof  is  treated  and  converted  to  a 
predetermined  rectangular-shaped  wave.  The  rec- 
tangular-shaped  wave  is  inputted  in  a  level  inter- 
pretation  device  54  and  a  target  image  position 

10  detection  circuit  55.  The  electrical  signal  level  inter- 
pretation  device  54  interprets  luminous  level  of  the 
rectangular-shaped  wave.  Due  to  the  foregoing, 
light  quantity  level  of  the  measuring  target  image 
46  is  detected.  The  target  image  position  detection 

15  circuit  55  is  adapted  to  detect  signal  space  of  the 
rectangular-shaped  wave  signal  corresponding  to 
the  space  between  the  measuring  target  image  46. 

In  this  embodiment,  output  signal  outputted 
from  the  electrical  signal  level  interpretation  device 

20  54  and  the  target  image  position  detection  circuit 
55,  or  respective  signals  as  will  be  described  later 
is  processed  by  CPU  50  as  a  micro  computer. 

CPU  50  controls  a  measurement  mode  switch 
56  for  switching  an  auto-measurement  and  a  man- 

25  ual  measurement,  an  actuation  switch  57  for  mov- 
ing  the  target  plate  1  1  and  the  movable  lens  25,  a 
one  meridian  measurement  finish  switch  58  for 
emitting  the  instruction  signal  every  time  measure- 
ment  of  one  meridian  is  finished,  a  measurement 

30  finish  switch  59  for  emitting  the  instruction  signal 
when  measurement  of  all  meridians  are  finished, 
and  an  auto-measurement  start  switch  60  for  start- 
ing  auto-measurement,  respectively.  In  addition, 
CPU  50  controls  an  actuation  control  portion  61. 

35  The  actuation  control  portion  61  comprises  a  first 
actuation  control  portion  62  for  moving  the  target 
plate  1  1  and  the  movable  lens  25  along  the  optical 
axis,  a  second  actuation  control  portion  63  for 
rotating  the  image  rotator  18  about  the  optical  axis, 

40  and  a  third  actuation  control  portion  64  for  moving 
the  movable  lens  34  of  the  chart  projection  system 
4  along  the  optical  axis.  CPU  50  runs  a  predeter- 
mined  auto-measurement  program  65  or  a  manual 
measurement  program  66  which  are  built  therein 

45  beforehand.  Respective  measurement  results  are 
recorded  by  a  printer  67  in  order. 

Next,  operation  of  the  eye  refractive  power 
measuring  apparatus  of  this  constitution  will  be 
described  with  reference  to  a  flow  chart  of  Fig.  8. 

50  First  of  all,  when  calculative  operation  of  CPU 
50  is  started  upon  charging  of  an  electric  power 
source,  etc.,  a  switch-over  state  of  the  mode  switch 
56  is  interpreted  in  STEP  100.  In  the  case  the 
mode  switch  56  is  switched  over  to  the  auto- 

55  measurement  side,  CPU  50  calls  the  auto-measure- 
ment  program  65,  and  the  following  measurement 
is  carried  out  based  on  the  foregoing. 

5 
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First,  upon  setting  of  an  initial  value  in  STEP 
101,  the  target  plate  11  is  brought  to  "zero  diopter 
position"  by  the  first  actuation  control  portion  62, 
the  image  rotater  18  is  brought  to  "zero  degree" 
position  by  the  second  actuation  control  portion  63, 
and  the  movable  lens  34  is  moved  to  "zero  diop- 
ter"  position  by  the  third  actuation  control  portion 
64. 

Next,  a  light  quantity  level  of  the  measuring 
target  image  46  is  checked  by  the  electrical  signal 
level  interpretation  device  54  based  on  electrical 
signal  of  the  image  pick-up  device  29  in  STEP  102. 
When  the  light  quantity  level  of  the  measuring 
target  image  is  interpreted  that  it  does  not  reach 
the  predetermined  level  yet  here,  the  mode  switch 
56  is  automatically  switched  to  the  manual  mea- 
surement  mode  side  according  to  the  instruction  of 
CPU  50.  On  the  other  hand,  in  the  case  the  light 
quantity  level  exceeds  the  predetermined  level,  the 
spaces  Jli,  1  2  of  the  measuring  target  image  are 
detected  based  on  output  of  the  target  image  posi- 
tion  detection  circuit  55  (STEP  103). 

When  the  spaces  *i,  I2  are  detected,  CPU  50 
calculates  the  difference  of  the  spaces  -  I2  and 
the  target  plate  11  and  the  movable  lens  25  is 
integrally  moved  along  the  optical  path  until  the 
difference  of  the  spaces  -  I2  becomes  "zero", 
that  is,  until  the  measuring  target  image  46  is 
brought  to  the  focussing  position  onto  the  retina  8. 
In  association  with  the  foregoing  movement,  the 
movable  lens  34  of  the  chart  projection  system  4  is 
moved.  (STEPS  103  through  106),  so  that  the 
foggy  state  of  the  eye  6  under  test  is  maintained. 
And,  when  the  difference  of  the  spaces  -  I2 
becomes  "zero",  the  position  moved  of  the  target 
plate  11  is  read  in  (STEP  107),  and  the  refractive 
power  of  the  "zero  degree"  meridian  direction  is 
obtained  based  on  the  moved  position. 

Next,  the  image  rotator  18  is  rotated,  for  exam- 
ple,  15  times  per  every  "six  powers"  in  the  merid- 
ian  direction  to  be  measured  with  the  position  of 
the  target  plate  11  held  stationary,  and  the  differ- 
ences  of  the  spaces  -  I2  corresponding  to  the 
respective  rotating  position  are  read  in  (STEPS  108 
through  110).  The  refractive  power  "D0"  in  the  "0" 
direction  can  be  obtained  by  calculating  the  sum  of 
the  diopter  value  corresponding  to  the  stop  position 
of  the  target  plate  11  and  the  diopter  value  cor- 
responding  to  the  value  of  the  difference  of  the 
spaces  -  12-  And,  there  is  a  relation  as  shown 
by  the  following  formula  (1)  among  spherical  power 
A,  astigmatism  power  B  and  astigmatism  axis  a. 

D0  =  A  +  B  cos  (0  -  a)  (1) 

Accordingly,  based  on  the  refractive  powers 
"D01  through  D0i5"  obtained  in  the  respective  me- 
ridian  directions  (15  meridian  directions),  the 

spherical  power  A,  astigmatism  power  B  and  astig- 
matism  axis  a  are  calculated  respectively  based  on 
the  method  for  least  squares  (STEPS  111,112). 

Next,  such  obtained  calculation  result  is  com- 
5  pared  with  the  measurement  value  and  checking  is 

made  whether  irregularities  of  the  respective  mea- 
surement  values  are  within  a  predetermined  range 
(STEP  113). 

When  the  irregularities  of  the  measurement 
10  values  are  found  to  exceed  the  predetermined 

range  by  the  foregoing  checking,  the  mode  switch 
56  is  automatically  switched  over  to  the  manual 
measurement  mode  according  to  the  instruction  of 
CPU  50. 

15  On  the  contrary,  the  irregularities  are  within  the 
predetermined  range,  the  measurement  values  are 
displayed  on  the  television  monitor  44  and  at  the 
same  time  the  measurement  values  are  printed  by 
the  printer  67  (STEPS  114,  115),  and  the  process- 

20  ing  of  the  auto-measurement  program  is  termi- 
nated. 

According  to  this  apparatus,  since  the  display 
surface  45  of  the  television  monitor  44  is  displayed 
both  the  anterior  portion  image  47  and  the  measur- 

25  ing  target  image  46,  the  tester  can  observe  the 
state  in  Which  the  measurement  is  being  carried 
out. 

Next,  there  will  be  described  on  a  case  where 
the  mode  switch  56  was  switched  over  to  the 

30  manual  measurement  mode  side  either  manually  or 
automatically.  In  this  case,  CPU  50  runs  the  man- 
ual  measurement  program. 

First,  in  STEP  116,  an  initial  setting  like  STEP 
101  of  the  aforementioned  auto-measurement 

35  mode  is  effected.  Next,  the  tester  turns  on  the 
actuation  switch  57  until  both  the  spaces  I1,  I2  of 
the  measuring  target  image  as  shown  in  Fig.  4  and 
integrally  moves  the  target  plate  11  and  the  mov- 
able  lens  25  along  the  optical  axis  while  observing 

40  the  measuring  target  image  on  the  display  surface 
45  of  the  television  monitor  44  (STEP  117).  Upon 
finish  of  this  movement,  the  tester  turns  on  the  1 
meridian  measurement  finish  switch  58  to  cause 
CPU  50  to  read  in  the  moving  position  of  the  target 

45  plate  11.  The  moving  position  corresponds  to  the 
refractive  power  in  the  "zero  degree"  meridian 
direction  same  as  in  the  case  of  the  auto-measure- 
ment. 

In  this  case,  when  the  1  meridian  finish  switch 
50  58  is  turned  on  (STEP  118),  a  piece  of  *  mark,  for 

example,  indicating  the  number  of  measurement  is 
displayed  on  the  television  monitor  44  (STEP  119), 
the  position  of  the  target  plate  1  1  is  read  in  (STEP 
120),  and  at  the  same  time,  the  image  rotator  18  is 

55  rotated  by  a  predetermined  angle  (STEP  121). 
Next,  the  tester  turns  on  the  actuation  switch  57  to 
move  the  target  plate  1  1  while  observing  the  mea- 
suring  target  image  displayed  on  the  television 

6 
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monitor  44  and  operation  such  as  reading-in  of  the 
moving  position  is  repeated  as  in  the  same  manner 
as  the  above  mentioned  STEP.  At  this  time,  every 
time  one  measuring  operation  is  finished,  one 
piece  of  *  mark  is  displayed  on  the  television 
monitor  44.  And,  when  at  least  three  measuring 
operations  are  effected,  the  measurement  finish 
switch  59  is  turned  on  to  finish  the  measuring 
operation  (STEP  122).  The  number  of  measure- 
ment  is  decided  in  advance  without  providing  the 
measurement  finish  switch  59,  so  that  the  measure- 
ment  will  be  automatically  finished  after  the  pre- 
determined  number  of  measurement  is  finished. 

According  to  the  three  times  measuring  opera- 
tion,  the  refractive  power  in  the  3  meridian  direc- 
tions  can  be  obtained  (STEP  123),  the  spherical 
power  A,  astigmatism  power  B  and  astigmatism  a 
are  obtained  respectively  based  on  the  aforemen- 
tioned  formular  (1)  according  to  the  method  for 
least  squares  (STEP  124).  And,  the  measuring  re- 
sults  of  the  spherical  power  A,  astigmatism  power 
B  and  astigmatism  axis  a  are  displayed  on  the 
television  monitor  and  at  the  same  time,  they  are 
printed  out  by  the  printer  67  (STEPS  125,  126). 

Claims 

1.  An  automatic  eye  refractive  power  measuring 
apparatus  for  automatically  measuring  the  re- 
fractive  power  of  an  eye  under  test  by  measur- 
ing  objectively  the  focusing  state  of  a  mea- 
surement  target  projected  onto  the  retina  of  the 
eye  under  test,  comprising: 

*  a  target  image  projection  system  (1)  for 
projecting  with  invisible  light  the  image  of 
a  measuring  target  (11)  onto  the  retina  of 
the  eye  under  test; 

*  an  imaging  optical  system  (2)  for  imag- 
ing  at  an  imaging  position  a  reflection 
image  of  the  measuring  target  image  re- 
flected  by  the  retina; 

*  an  opto-electric  detector  (29)  having  a 
photosensitive  surface  (29a)  disposed  at 
said  imaging  position  and  arranged  to 
output  an  electrical  signal  corresponding 
to  the  reflection  image  of  the  measuring 
target  image  formed  on  the  photosen- 
sitive  surface; 

*  display  means  (44)  for  converting  the 
reflection  image  of  the  measuring  target 
image  to  a  visible  image  (46)  in  accor- 
dance  with  said  electrical  signal  and  for 
displaying  the  converted  visible  image; 
and 

*  computer  means  (50)  for  calculating  the 
refractive  power  of  the  eye  under  test  in 
accordance  with  said  electrical  signal; 
characterised  by 

*  the  computer  means  being  arranged  to 
be  selectively  operable  in  either  an  auto- 
matic  measurement  mode  or  a  manual 
measurement  mode,  where 

5  *  in  said  automatic  measurement  mode 
the  focusing  state  of  the  measuring 
target  image  projected  onto  the  retina 
is  determined  in  accordance  with  said 
electrical  signal  and  the  refractive 

io  power  of  the  eye  under  test  is  auto- 
matically  calculated  based  on  said  fo- 
cusing  state,  and  where 

*  in  said  manual  measurement  mode  a 
manual  measurement  means  (66)  is 

is  activated  for  measuring  the  refractive 
power  of  the  eye  under  test  by  an 
operator  directly  observing  the  focus- 
ing  state  of  the  measurement  target 
image  on  said  display  means  and 

20  manually  activating  said  computer 
means  to  calculate  the  refractive  pow- 
er  of  the  eye  under  test  in  accordance 
with  said  electrical  signal  describing 
the  observed  focusing  state  of  the 

25  measurement  target  image;  and  by 
*  measurement  mode  switching  means 

(56),  for  selectively  activating  said  auto- 
matic  measurement  mode  and  said  man- 
ual  measurement  mode,  the  switching 

30  means  being  automatically  selectively 
activated  by  said  computer  means  de- 
pending  on  the  light  intensity  of  the  re- 
flection  image  of  the  measuring  target 
image  detected  by  the  opto-electric  de- 

35  tector. 

2.  An  automatic  eye  refractive  power  measuring 
apparatus  according  to  claim  1,  characterised 
by  the  computer  means  automatically  activat- 

40  ing  said  measurement  mode  switching  means 
to  switch  to  the  manual  measurement  mode 
when  the  detected  light  intensity  of  the  reflec- 
tion  image  of  the  measuring  target  image  is 
less  than  a  predetermined  value. 

45 
3.  An  automatic  eye  refractive  power  measuring 

apparatus  according  to  claim  1  or  2,  charac- 
terised  by 

*  a  measurement  finish  switch  (58,  59)  for 
50  storing  the  measured  focusing  state  at  a 

first  predetermined  meridian  in  the  com- 
puter  means  when  said  switch  is  ac- 
tivated  during  the  manual  measurement 
mode;  and 

55  *  means  (62,  63)  for  rotating  said  measur- 
ing  target  (11)  relative  to  the  eye  under 
test  to  measure  the  focusing  state  of  the 
measuring  target  image  along  a  second 

7 
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predetermined  meridian. 

Patentanspruche 

1.  Gerat  zur  automatischen  Messung  der  Brech- 
kraft  eines  untersuchten  Auges  durch  objektive 
Messung  des  Fokussierungszustands  eines  auf 
die  Netzhaut  des  untersuchten  Auges  projizier- 
ten  MeBziels,  welches  aufweist: 

*  ein  Zielbild-Projektionssystem  (1)  zum 
Projizieren  des  Bildes  eines  MeBziels 
(11)  mit  unsichtbarem  Licht  auf  die  Netz- 
haut  des  untersuchten  Auges; 

*  ein  optisches  Abbildungssystem  (2)  zum 
Abbilden  eines  Reflexionsbildes  des  von 
der  Netzhaut  reflektierten  MeBziels  an  ei- 
ner  Abbildungsposition; 

*  einen  opto-elektrischen  Detektor  (29)  mit 
einer  fotoempfindlichen  Oberflache  (29a), 
der  sich  an  der  Abbildungsposition  befin- 
det  und  so  angeordnet  ist,  dal3  er  ein 
elektrisches  Signal  entsprechend  dem 
auf  der  fotoempfindlichen  Oberflache  ge- 
bildeten  Reflexionsbild  des  MeBzielbildes 
ausgibt; 

*  eine  Anzeigevorrichtung  (44)  zur  Urn- 
wandlung  des  Reflexionsbildes  des  Mel3- 
zielbildes  in  ein  sichtbares  Bild  (46)  ge- 
mal3  dem  elektrischen  Signal  und  zur 
Anzeige  des  umgewandelten  sichtbaren 
Bildes;  und 

*  eine  Rechnereinrichtung  (50)  zum  Be- 
rechnen  der  Brechkraft  des  untersuchten 
Auges  gemaB  dem  elektrischen  Signal; 

gekennzeichnet  durch 
*  eine  solche  Anordnung  der  Rechnerein- 

richtung,  dal3  sie  wahlweise  entweder  in 
einem  automatischen  MeBbetrieb  oder 
einem  manuellen  MeBbetrieb  arbeitet, 
wobei 
*  im  automatischen  MeBbetrieb  der  Fo- 

kussierungszustand  des  auf  die  Netz- 
haut  projizierten  MeBzielbildes  ent- 
sprechend  dem  elektrischen  Signal 
bestimmt  und  die  Brechkraft  des  un- 
tersuchten  Auges  automatisch  auf  der 
Grundlage  des  Fokussierungszustands 
berechnet  werden,  und  wobei 

*  im  manuellen  MeBbetrieb  eine  Einrich- 
tung  (66)  fur  manuelles  Messen  akti- 
viert  wird  zum  Messen  der  Brechkraft 
des  untersuchten  Auges  durch  eine 
Bedienungsperson,  die  den  Fokussie- 
rungszustand  des  MeBzielbildes  direkt 
auf  der  Anzeigevorrichtung  beobachtet 
und  manuell  die  Rechpereinrichtung 
aktiviert,  urn  die  Brechkraft  des  unter- 
suchten  Auges  entsprechend  dem 

10 

15 

den  beobachteten  Fokussierungszu- 
stand  des  MeBzielbildes  beschreiben- 
den  elektrischen  Signal  zu  berechnen; 
und  durch 

eine  MeBbetriebs-Umschalteinrichtung 
(56)  zum  wahlweisen  Aktivieren  des  auto- 
matischen  MeBbetriebs  und  des  manuel- 
len  MeBbetriebs,  wobei  die  Umschaltein- 
richtung  (56)  automatisch  selektiv  durch 
die  Rechnereinrichtung  in  Abhangigkeit 
von  der  Lichtintensitat  des  vom  opto- 
elektrischen  Detektor  erfaBten  Refle- 
xionsbildes  des  MeBzielbildes  betatigt 
wird. 

2.  Gerat  zur  automatischen  Messung  der  Brech- 
kraft  eines  Auges  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dal3  die  Rechnereinrichtung 
automatisch  die  MeBbetriebs-Umschalteinrich- 

20  tung  aktiviert,  urn  in  den  manuellen  MeBbetrieb 
zu  schalten,  wenn  die  erfaBte  Lichtintensitat 
des  Reflexionsbildes  des  MeBzielbildes  gerin- 
ger  als  ein  vorbestimmter  Wert  ist. 

25  3.  Gerat  zur  automatischen  Messung  der  Brech- 
kraft  eines  Auges  nach  Anspruch  1  oder  2, 
gekennzeichnet  durch 

*  einen  MeBbeendigungsschalter  (58,59) 
zum  Speichern  des  gemessenen  Fokus- 

30  sierungszustands  bei  einem  ersten  vor- 
bestimmten  Meridian  in  der  Rechnerein- 
richtung,  wenn  dieser  Schalter  wahrend 
des  manuellen  MeBbetriebs  aktiviert  wird; 
und 

35  *  eine  Vorrichtung  (62,63)  zum  Drehen  des 
MeBziels  (11)  relativ  zum  untersuchten 
Auge,  urn  den  Fokussierungszustand  des 
MeBzielbildes  entlang  eines  zweiten  vor- 
bestimmten  Meridians  zu  messen. 

40 
Revendicatlons 

1.  Appareil  de  mesure  automatique  du  pouvoir 
refringent  d'un  oeil  pour  mesurer  automatique- 

45  ment  le  pouvoir  refringent  d'un  oeil  a  controler 
en  mesurant  objectivement  I'etat  de  focalisa- 
tion  d'une  cible  de  mesure  projetee  sur  la 
retine  de  I'oeil  a  controler,  comprenant  : 

*  un  systeme  de  projection  d'image  cible 
50  (1)  pour  projeter  avec  une  lumiere  invisi- 

ble  I'image  d'une  cible  de  mesure  (11) 
sur  la  retine  de  I'oeil  a  controler  ; 

*  un  systeme  optique  de  formation  d'ima- 
ge  pour  faire  I'image,  en  une  position 

55  d'image,  d'une  image  par  reflexion  de 
I'image  de  la  cible  de  mesure  reflechie 
par  la  retine  ; 

8 
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un  detecteur  opto-electrique  (29)  com- 
portant  une  surface  photosensible  (29a) 
disposee  en  ladite  position  d'image  et 
agencee  pour  delivrer  un  signal  electri- 
que  correspondant  a  I'image  par  re- 
flexion  de  I'image  de  la  cible  de  mesure 
formee  sur  la  surface  photosensible  ; 

5 

caracterise  par  le  moyen  de  calculateur  acti- 
vant  automatiquement  ledit  moyen  de  commu- 
tation  de  mode  de  mesure  pour  commuter 
vers  le  mode  de  mesure  manuel  lorsque  I'in- 
tensite  lumineuse  detectee  de  I'image  par  re- 
flexion  de  I'image  de  la  cible  de  mesure  est 
inferieure  a  une  valeur  predetermined. 

un  moyen  de  visualisation  (44)  pour 
convertir  I'image  par  reflexion  de  I'image 
de  la  cible  de  mesure  en  une  image 
visible  (46)  en  conformite  avec  ledit  si- 
gnal  electrique  et  pour  visualiser  I'image 
visible  convertie  ;  et 

w 
3.  Appareil  de  mesure  automatique  du  pouvoir 

refringent  de  I'oeil  selon  la  revendication  1  ou 
2,  caracterise  par 

un  commutateur  de  fin  de  mesure 
(58,59)  pour  enregistrer  I'etat  de  focalisa- 
tion,  mesure  au  niveau  d'un  premier  me- 
ridien  predetermine,  dans  le  moyen  de 
calculateur  lorsque  ledit  commutateur  est 
active  pendant  le  mode  de  mesure  ma- 
nuel  ;  et 

un  moyen  de  calculateur  (50)  pour  cal- 
culer  le  pouvoir  refringent  de  I'oeil  a 
controler  en  conformite  avec  ledit  signal 
electrique  ; 

15 

caracterise  par 
le  moyen  de  calculateur  dispose  pour 
etre  selectivement  operationnel  soit  dans 
un  mode  de  mesure  automatique,  soit 
dans  un  mode  de  mesure  manuel, 

20 
un  moyen  (62,63)  pour  faire  tourner  ladi- 
te  cible  de  mesure  (11)  par  rapport  a 
I'oeil  a  controler  pour  mesurer  I'etat  de 
focalisation  de  I'image  de  la  cible  de 
mesure  le  long  d'un  second  meridien 
predetermine. 

ou 
dans  ledit  mode  de  mesure  automati- 
que,  I'etat  de  focalisation  de  I'image  25 
de  la  cible  de  mesure  projetee  sur  la 
retine  est  determinee  selon  ledit  si- 
gnal  electrique  et  le  pouvoir  refringent 
de  I'oeil  a  controler  est  automatique- 
ment  calcule  sur  la  base  dudit  etat  de  30 
focalisation,  et  ou 

*  dans  ledit  mode  de  mesure  manuel, 
un  moyen  de  mesure  manuel  (66)  est 
active  pour  mesurer  le  pouvoir  refrin- 
gent  de  I'oeil  a  controler  par  un  ope-  35 
rateur  observant  directement  I'etat  de 
focalisation  de  I'image  de  la  cible  de 
mesure  sur  ledit  moyen  de  visualisa- 
tion  et  activant  manuellement  ledit 
moyen  de  calculateur  pour  calculer  le  40 
pouvoir  refringent  de  I'oeil  a  controler 
en  conformite  avec  ledit  signal  electri- 
que  decrivant  I'etat  de  focalisation  ob- 
serve  de  I'image  de  la  cible  de  mesu- 
re  ;  et  par  45 

*  un  moyen  de  commutation  de  mode  de 
mesure  (56)  pour  activer  selectivement 
ledit  mode  de  mesure  automatique  et 
ledit  mode  de  mesure  manuel,  le  moyen 
de  commutation  etant  automatiquement  50 
active  selectivement  par  ledit  moyen  de 
calculateur  en  fonction  de  I'intensite  lu- 
mineuse  de  I'image  par  reflexion  de 
I'image  de  la  cible  de  mesure  detectee 
par  le  detecteur  opto-electrique.  55 

2.  Appareil  de  mesure  automatique  du  pouvoir 
refringent  de  I'oeil  selon  la  revendication  1, 

9 
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