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Description 

BACKGROUND  OF  THE  INVENTION 

In  lenticular  type  three-dimensional  (3-D)  pho- 
tography,  a  plurality  of  two-dimensional  (2-D)  views 
of  the  scene  are  taken  from  a  number  of  horizontally 
spaced  vantage  points  and  the  series  of  2-D  images 
is  then  compressed  and  printed  at  the  focal  plane  of 
each  of  the  lenticules  of  the  lenticular  screen  to  form 
a  3-D  composite  image  of  the  field. 

In  the  past,  a  minimum  of  four  2-D  views  were 
used  to  compose  a  3-D  picture  and  each  of  the  plur- 
ality  of  compressed  2-D  lineiform  image  bands  occu- 
pied  an  equal  width  in  the  lenticule.  An  even  number 
of  image  bands  was  also  always  used.  Several  im- 
ages  may  be  printed  within  a  single  band.  This  has 
commonly  been  referred  to  as  W/N,  wherein  "W"  is 
the  width  of  each  lenticule  and  "N"  is  the  number  of 
2-D  image  bands  to  be  used  in  the  total  composition, 
and  the  lineiform  image  bands  of  the  stereo  pairs  are 
arranged  in  a  symmetrical  relationship  to  the  center 
of  the  curvature  of  the  lenticular  screen  of  the  lenti- 
cule. 

When  a  person  in  viewing  a  3-D  photograph,  the 
ideal  situation  is  for  the  eyes  to  see  a  stereo  pair  of 
adjacent2-D  lineiform  image  bands.  Thus  as  illustrat- 
ed  in  Fig.  1,  the  eyes  should  see  image  bands  1  and 
2,  2  and  3  or  3  and  4  so  that  the  proper  parallax  be- 
tween  the  pair  of  2-D  images  can  be  maintained  in  or- 
der  to  construct  a  3-D  image  that  is  in  focus  and  not 
blurred.  Parallax  is  the  apparent  shift  in  position  of  an 
element  of  an  object  field  due  to  the  relative  change 
in  position  of  the  element  and  the  place  from  which 
the  element  is  viewed.  In  viewing  three  dimensional 
photographs  of  the  past,  the  eyes  do  not  always  see 
the  stereo  pair  formed  by  the  adjacent  2-D  image 
bands.  Frequently,  the  eyes  will  see  non-adjacent 
stereo  pairs  formed  by  image  bands  1  and  3,  2  and 
4,  or  1  and  4  as  shown  in  Fig.  1  .  according  to  the  angle 
and  the  distance  of  viewing  the  photograph.  When  the 
eyes  see  a  stereo  pair  where  the  image  bands  are 
non-adjacent,  they  do  not  fuse  the  pair  of  images  to- 
gether  to  form  a  sol  id  image  because  of  the  excessive 
parallax  between  them. 

The  minimum  number  of  2-D  views  used  to  com- 
pose  3-D  photographs  of  the  past  is  four  with  the  nor- 
mal  viewing  angle  of  the  lenticule  of  the  print  material 
being  from  approximately  20  to  30  degrees.  Conse- 
quently,  each  2-D  image  band  covers  an  angle  of  less 
than  71/2  degrees.  At  a  normal  viewing  distance  of  38 
cm  (15  inches),  the  eyes  will  view  through  an  angle 
of  approximately  10  degrees  of  the  lenticule.  Unless 
the  3-D  photograph  is  held  exactly  at  the  center  be- 
tween  the  eyes  and  perpendicular  thereto,  the  eyes 
will  see  a  non-adjacent  stereo  pair  which  will  be 
formed  by  image  bands  1  and  3,  2  and  4,  or  1  and  4 
as  shown  in  Fig.  1  ,  2  and  3. 

PRIOR  ART 

U.S.  Patent  No.  3,895,867  (Lo,  et  al)  discloses  a 
method  of  making  3-D  pictures  where  the  lineiform 

5  image  bands  are  arranged  where  there  are  four  or 
more  lineiform  image  bands  which  are  arranged  in 
symmetrical  order  about  the  perpendicular  line  inter- 
secting  the  center  of  the  curved  screen  of  the  lenti- 
cule.  Okoshi  in  Three-Dimensional  Imaging  Techni- 

10  ques  (1976)  on  pages  71-88  discloses  the  spread  of 
the  image  on  the  emulsion  in  3-D  printing. 

The  following  U.S.  patents  are  also  disclosed  as 
of  interest:  3,953,869  (Lo,  etal),  4,037,950  (Lo,  etal); 
4,063,265  (Lo,  et  al)  and  4,086,585  (Lo,  et  al). 

15 
SUMMARY  OF  THE  INVENTION 

It  is  an  objective  of  this  invention  to  produce  an 
autostereoscopic  3-D  photograph  of  improved  quali- 

20  ty.  In  particular,  it  is  an  object  to  produce  a  photograph 
that  can  be  viewed  within  a  greater  range  of  viewing 
angles  and  distances  in  total  focus  without  blurring 
than  present  3-D  photographs.  It  is  a  further  objective 
to  produce  a  3-D  photograph  of  close-up  objects  in 

25  which  the  parallax  is  increased  between  the  adjacent 
stereo  pairs  in  order  to  give  the  photograph  an  ap- 
pearance  of  greater  depth. 

It  is  a  further  objective  of  this  invention  to  provide 
a  camera  that  has  a  capability  of  taking  pictures  to 

30  produce  3-D  photographs  that  accomplish  these  ob- 
jectives.  It  has  been  discovered  that  these  objectives 
can  be  achieved  by  limiting  the  numer  of  2-D  views 
taken  by  the  camera  to  3,  and  increasing  the  width  of 
each  lineiform  image  band  to  an  angle  of  at  least  8.5°. 

35  When  the  width  of  each  2-D  image  band  is  at  least 
8.5°  of  the  lenticule  it  prevents  the  eyes  from  seeing 
images  1  and  3.  In  the  event  the  eyes  should  see  im- 
age  bands  1  and  3,  the  photograph  will  appear  to  be 
out  of  focus  as  the  eyes  will  not  be  able  to  fuse  those 

40  two  images  together  because  of  the  excessive  paral- 
lax  between  them  in  normal  consumer  photography 
where  the  photograph  of  the  object  is  taken  at  close 
range.  By  increasing  the  width  of  the  image  band  from 
7  1/2  to  at  least  8.5°  to  accommodate  the  viewing  an- 

45  gle  of  the  eyes,  only  image  bands  1  and  2  or  2  and  3 
as  shown  in  Figure  4  will  be  seen  as  stereo  pairs  as 
the  proper  parallax  is  maintained  so  that  the  eyes  can 
fuse  the  pair  of  stereo  image  bands  together  to  recon- 
struct  a  single  sharp  3-D  image.  Limiting  the  number 

so  of  2-D  image  bands  to  three  is  contrary  to  the  teach- 
ings  of  the  past  when  it  was  thought  that  a  greater 
number  of  2-D  views  should  be  used  to  produce  3-D 
pictures  as  it  would  enhance  the  3-D  effect  and  result 
in  smoother  transition  between  the  stereo  pairs.  It 

55  was  also  thought  that  there  should  be  an  even  num- 
ber  of  image  bands  in  the  lenticule  to  accommodate 
the  fact  that  human  beings  have  two  eyes.  A  three 
lens  camera  with  the  lenses  spaced  an  equal  distance 
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apart  is  used  to  accomplish  the  objectives  desired  in 
the  photographs  produced  in  accordance  with  this  in- 
vention. 

Accordingly  there  is  provided  an  autostereoscop- 
ic  three  dimensional  photograph  comprising  lenticular 
print  film  having  a  lenticular  screen  which  comprises 
a  plurality  of  adjacent  lenticules  overlying  a  photosen- 
sitive  surface  of  the  film,  and  an  image  array  formed 
on  the  photosensitive  surface  which  array  comprises 
a  plurality  of  image  bands,  characterised  in  that  be- 
neath  each  lenticule  there  are  only  three  adjacent  im- 
age  bands  which  substantially  fill  the  width  of  the  len- 
ticule  and  each  of  which  comprises  at  least  part  of  the 
information  of  a  correspondent  one  of  three  adjacent 
perspective  views  of  an  object  and  wherein  each 
band  has  a  width  such  that  it  subtends  an  angle  ap- 
proximately  between  8.5°  and  11°  to  the  focal  plane 
of  the  lenticule  such  that  the  viewer  only  sees  adja- 
cent  stereoscopic  image  pairs  when  viewing  the  im- 
age  array  thereby  minimising  blurring  when  viewing  at 
various  distances  or  when  the  image  array  is  tilted  in 
relation  to  the  line  of  sight  of  the  viewer. 

In  a  preferred  form  the  invention  provides  an  au- 
tostereoscopic  three  dimensional  photograph  accord- 
ing  to  claim  1  wherein  each  band  has  a  width  such 
that  it  subtends  an  angle  approximately  between  8.5° 
and  10°  to  the  focal  plane  of  the  lenticule. 

Another  aspect  of  the  invention  provides  a  pho- 
tographic  system  for  producing  an  autostereoscopic 
three-dimensional  photograph  according  to  the  other 
aspect  of  the  invention,  comprising: 

a  three-dimensional  camera  with  three  lenses 
in  which  the  lenses  are  arranged  in  substantially  the 
same  horizontal  plane  with  the  distance  between  ad- 
jacent  lenses  being  equal  and  determined  by  the  focal 
length  of  the  lenses  and  size  of  the  negative  being 
utilized  so  as  to  produce  three  independent  views  of 
a  scene  taken  through  the  lenses  and  exposed  on  the 
negative;  and 

an  enlarger  having  at  least  a  single  enlarging 
lens  to  focus  the  images  captured  on  the  negative 
onto  a  lenticular  print  photosensitive  material  so  as  to 
produce  only  three  adjacent  image  bands  beneath 
any  given  lenticule  which  three  image  bands  substan- 
tially  fill  the  width  of  the  lenticule  and  wherein  each 
image  band  represents  part  of  the  information  of  one 
of  the  three  views  of  the  scene  captured  on  the  neg- 
ative  and  each  image  band  has  a  width  such  that  it 
subtends  an  angle  approximately  between  8.5°  and 
1  1  °  to  the  focal  point  of  the  lenticule.  The  enlarger  can 
comprise  three  lenses,  one  for  projecting  each  of  the 
views  exposed  on  the  negative.  Preferably,  the  en- 
larger  creates  image  bands  which  subtend  an  angle 
approximately  between  8.5°  and  1  0°  to  the  focal  point 
of  a  lenticule. 

Another  aspect  of  the  invention  provides  use  of  a 
camera  to  produce  a  three-dimensional  photograph 
according  to  the  other  aspect  of  the  invention.  Prefer- 

ably,  the  camera  is  a  three  lens  camera  having  lenses 
arranged  in  substantially  the  same  horizontal  plane 
with  the  distance  between  adjacent  lenses  being 
equal  and  determined  by  the  focal  length  of  the  lenses 

5  and  the  size  of  the  negative  being  used. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  diagrammatic  view  showing  the  nor- 
10  mal  way  of  viewing  a  three-dimensional  photograph 

with  four  image  bands  arranged  in  a  symmetrical  or- 
der  on  each  side  of  the  centre  of  the  lenticular  screen. 

Fig.  2  is  a  diagrammatic  view  showing  a  lenticule 
or  Fig.  1  in  which  the  viewing  angle  is  skewed  to  the 

15  right  side  of  the  lenticular  screen. 
Fig.  3  is  a  diagrammatic  view  showing  a  lenticule 

of  Fig.  1  in  which  the  viewing  angle  is  skewed  to  the 
left  side  of  the  lenticular  screen. 

Fig.  4  is  a  diagrammatic  view  viewing  a  3-D  pic- 
20  ture  with  three  image  bands  of  the  lenticule  which 

cover  8.5  to  11  degrees  of  the  viewing  angle. 
Fig.  5  is  a  diagrammatic  view  showing  the  lenti- 

cule  of  Fig.  4  in  which  the  viewing  angle  is  skewed  to 
the  left  of  the  lenticular  screen. 

25  Fig.  6  is  a  diagrammatic  view  of  the  process  of 
taking  a  stereoscopic  picture  with  a  three  lens  cam- 
era. 

Fig.  7  illustrates  a  process  of  composing  stereo- 
scopic  pictures  taken  by  a  3  lens  camera  onto  lentic- 

30  ular  photographic  material. 
Fig.  8  is  a  diagrammatic  view  of  the  streoscopic 

lenticular  photographic  material  showing  several  len- 
ticules  with  three  image  bands  in  each  lenticule. 

Fig.  9  is  a  front  elevation  view  of  a  three  lens  cam- 
35  era  of  this  invention. 

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  illustrates  a  person  viewing  stereo  pairs  2 
40  and  3  in  the  lenticule  1  of  a  3-D  picture.  The  lenticule 

has  four  2-D  lineiform  image  bands  1(1,2,  3,  and  4). 
Image  bands  1  and  2,  2  and  3,  3  and  4  constitute  ster- 
eoscopic  image  pairs.  These  image  bands  I  are 
formed  on  photosensitive  material.  Fig.  1  illustrates 

45  the  human  eyes  2L  and  2R  viewing  the  lenticule  with 
a  perpendicular  line  passing  through  the  center  of  the 
lenticular  screen  4  intersecting  the  center  between 
the  two  eyes  2R  and  2L  of  the  viewing  person.  The 
eyes  are  shown  to  be  6.4  cm  (21/2  inches)  apart  which 

so  is  the  average  distance  between  the  eyes  of  human 
beings.  The  viewing  angle  covers  approximately  10 
degrees  when  the  eyes  are  38  cm  (15  inches)  from 
the  photograph.  When  the  photograph  is  so  held,  the 
observer  will  see  stereoscopic  image  pairs  2  and  3 

55  which  covers  a  15  degree  angle  in  which  the  10  de- 
gree  viewing  angle  falls.  The  eyes  will  focus  at  the  fo- 
cal  plane  3  of  the  lenticule  1. 

Fig.  2  illustrates  the  viewing  of  the  lenticule  when 

3 
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the  photograph  is  held  a  few  degrees  off  the  perpen- 
dicular  line  between  the  center  of  the  lenticule  and  the 
center  between  the  eyes.  In  this  case  the  photograph 
is  held  so  that  it  is  skewed  to  the  right  of  the  lenticular 
screen  4.  As  the  viewing  angle  is  1  0  degrees  and  each 
image  band  is  Th  degrees  wide,  the  eyes  will  see 
non-adjacent  stereo  image  pairs  1  and  3  when  the 
photograph  is  so  held.  Because  of  the  parallax  be- 
tween  those  image  pairs,  the  photograph  will  be  blur- 
red  and  not  in  total  focus. 

Fig.  3  illustrates  the  viewing  of  the  lenticule  when 
the  photograph  is  skewed  to  the  left  of  the  center  line 
between  the  center  of  the  lenticular  screen  4  and  the 
center  between  the  eyes.  As  in  the  case  of  Fig.  2  the 
viewing  angle  is  still  10  degrees  while  each  image 
band  covers  Th  degrees  of  the  lenticule.  This  results 
in  the  eyes  seeing  non-adjacent  stereo  image  pairs  2 
and  4  with  the  photograph  appearing  blurred  and  not 
in  total  focus  due  to  the  excessive  parallax  between 
these  images. 

Fig.  4  illustrates  a  lenticule  in  which  there  are  only 
3  image  bands  I  (1,  2  and  3).  In  this  case  the  viewer 
is  viewing  the  photograph  from  an  angle  with  which 
the  perpendicular  line  intersecting  the  center  be- 
tween  the  lenticular  screen  4  also  intersects  the  cen- 
ter  of  the  eyes.  Under  these  circumstances,  the  view- 
er  will  see  the  stereoscopic  pairs  formed  by  image 
bands  1  and  2  if  the  lenticular  screen  is  skewed  slight- 
ly  to  the  right  and  pairs  2  and  3  if  skewed  slightly  to 
the  left.  Each  of  these  image  band  pairs  occupies  10 
degrees  of  the  lenticule.  Since  the  viewing  angle  is  10 
degrees  the  eyes  will  only  see  an  adjacent  pair  of  im- 
age  bands.  Consequently,  the  photograph  can  be  tilt- 
ed  or  held  off-center  to  the  eyes  as  shown  in  Fig.  5 
where  the  photograph  is  held  so  that  the  perpendicu- 
lar  line  passing  through  the  center  of  the  lenticular 
screen  4  intersects  closer  to  the  right  eye  than  to  the 
left  eye.  Under  these  circumstances,  the  viewer  will 
see  stereoscopic  pairs  2  and  3.  Consequently,  with 
the  use  of  3  image  bands  in  which  the  viewing  angle 
is  at  least  8.5  degrees  the  photograph  can  be  tilted  or 
held  off-center  to  the  eyes  to  a  greater  extent  than  3- 
D  photographs  in  which  the  stereoscopic  pairs  are 
formed  between  pairs  of  4  or  more  image  bands.  Be- 
cause  there  are  only  three  image  bands  in  each  len- 
ticule,  the  image  bands  are  arranged  in  an  offset  for- 
mat  in  relation  to  the  center  of  the  lenticule  so  that  a 
perpendicular  line  from  the  center  of  the  screen  of  the 
lenticule  to  the  photosensitive  material  intersects 
near  the  midpoint  of  the  center  image  band. 

In  order  to  insure  that  the  eyes  only  see  adjacent 
stereoscopic  pairs  it  is  essential  that  the  width  of  each 
image  band  be  between  8.5  and  11  degrees.  If  the 
width  is  less  than  8.5  degrees  it  is  possible  for  the 
eyes  to  see  non-adjacent  pairs  as  the  viewing  angle 
between  the  eyes  is  10  degrees.  If  the  total  viewing 
angle  of  the  lenticule  is  30  degrees  it  is  essential  that 
the  width  of  each  image  band  be  no  greater  than  11 

degrees.  If  itweregreaterthan  11  degrees  itwould  not 
be  possible  to  place  two  stereoscopic  pairs  within  the 
lenticule.  If  there  are  only  two  image  bands  of  1  5  de- 
grees  each  both  eyes  will  see  only  one  image  as  the 

5  viewing  angle  between  the  eyes  is  10  degrees. 
It  should  be  pointed  out  that  it  is  not  practical  to 

have  a  lenticular  screen  of  greater  than  30  degrees 
because  of  the  vignetting  and  distortion  effects.  By 
vignetting  we  mean  that  the  light  reaching  the  image 

10  band  falls  off  towards  the  edge  of  the  lenticular 
screen  resulting  in  a  dark  picture.  This  effect  is  char- 
acteristic  of  all  lenses  as  the  light  falls  off  near  the  out- 
side  of  the  lens.  Itwould  be  possible  to  have  more  im- 
age  bands  of  10  degrees  or  so  in  a  lenticular  screen 

15  40  degrees  or  greater.  This  is  not  practical  because 
of  the  vignetting  and  distortion  effect. 

Consequently,  the  only  practical  solution  to  the 
problem  of  producing  a  high  quality  3-D  photographs 
is  to  utilize  lenticular  screens  of  approximately  30  de- 

20  grees  with  three  image  bands. 
While  the  range  of  the  image  band  can  be  from 

approximately  8V2  to  11  degrees,  it  is  preferred  that 
the  image  band  be  between  8V2  and  10  degrees  in 
width.  This  range  will  permit  production  of  high  quality 

25  pictures  because  the  eyes  will  only  see  adjacent  im- 
ages.  When  non-adjacent  images  are  viewed  by  the 
eyes  distortion  results. 

The  stereoscopic  pictures  of  this  invention  can  be 
taken  by  a  single  lens  camera.  One  method  of  taking 

30  these  pictures  with  a  single  lens  camera  is  to  move 
the  camera  to  three  different  positions  in  relation  to 
the  object  and  take  a  picture  at  each  position.  Alter- 
natively  the  object  can  be  moved  to  three  different 
positions  in  relation  to  the  camera.  For  convenience 

35  it  is  preferred  that  the  stereoscopic  pictures  of  this  in- 
vention  be  taken  by  a  new  and  novel  three  lens  cam- 
era  as  illustrated  in  Fig.  9. 

As  illustrated  in  Fig.  6,  a  stereoscopic  camera 
with  three  lenses  6a,  6b  and  6c  takes  a  photograph 

40  of  an  object  5  with  each  of  the  lenses  being  positioned 
at  a  different  horizontal  position  in  relation  to  the  sub- 
ject  5.  This  produces  three  negatives  (N1  ,  N2  and  N3) 
with  images  7.  These  negatives  are  then  composed 
as  shown  in  Fig.  7  through  enlarging  lenses  (L1,  L2 

45  and  L3)  or  with  a  single  lens  enlarger  which  focuses 
the  images  7  onto  the  photosensitive  material  9  of  the 
lenticule  1  of  the  photograph  8.  The  images  are  fo- 
cused  through  the  lenticular  screen  4  to  the  focal 
point  3  and  onto  the  photosensitive  material  to  form 

50  the  stereoscopic  image  bands  (N1,  N2  and  N3)  as 
shown  in  Fig.  7.  In  the  enlarging  process  illustrated  in 
Fig.  7,  each  image  (e.g.  N2)  can  be  projected  onto  the 
appropriate  image  band  5  in  a  side-  by-  side  relation- 
ship  several  times  to  fill  the  entire  width  of  the  image 

55  band.  If  this  were  done  in  the  case  of  image  band  1 
in  lenticule  1Aas  shown  in  Fig.  8  each  of  the  images 
in  that  image  band  1  would  be  identical.  It  is  also  pos- 
sible  to  use  the  scanning  technique  of  printing  as  de- 

4 
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scribed  in  prior  art  article,  Okoshi  in  Three- 
Dimensional  Imaging  Techniques  (1976)  on  pages 
7  1-88  to  spread  the  images  across  each  band  1  in  len- 
ticule  1  A  as  shown  in  Fig.  8.  If  it  is  desired  to  have  a 
single  image  on  each  image  band,  the  aperture  of  the 
enlarger  can  be  opened  a  sufficient  width  so  that  a 
single  image  fills  the  entire  image  band. 

Fig.  8  illustrates  a  plurality  of  lenticules  within  a 
photograph  with  each  lenticule  having  3  image  bands 
which  are  filled  in  a  manner  disclosed  above. 

The  camera  1  0  illustrated  in  Fig.  9  has  three  lens- 
es  6A,  6B  and  6C.  The  three  lenses  are  all  arranged 
in  the  same  horizontal  plane  and  the  distance  be- 
tween  the  adjacent  lenses  is  identical.  The  camera 
otherwise  is  of  conventional  construction. 

The  lenticular  structure  of  this  invention  in  which 
only  three  image  bands  are  composed  in  each  lenti- 
cule  offers  a  tremendous  advantage  in  allowing  pho- 
tographs  to  be  viewed  at  much  wider  viewing  angles 
and  distances  than  prior  photographs.  It  is  not  at  all 
necessary  to  view  the  lenticular  screen  of  the  photo- 
graph  from  the  same  distance  and  position  that  the 
two  dimensional  frames  were  projected  during  com- 
posing.  For  example,  in  viewing  lenticule  1Ain  Fig.  8 
when  there  are  a  number  of  images  in  image  band  2 
the  eyes  will  focus  on  a  particular  image  within  this 
wider  image  band  even  though  it  is  viewed  at  a  dif- 
ferent  angle  from  that  at  which  the  picture  is  taken. 
When  there  is  a  single  image  in  image  band  2  of  len- 
ticule  1Aof  Fig.  8  this  image  will  be  seen  even  though 
the  picture  is  being  viewed  from  a  tilted  angle  from 
the  normal  viewing  position.  A  picture  can  be  tilted  or 
held  at  varying  distances  and  not  interfere  with  the 
quality  of  the  picture  which  is  not  the  case  with  past 
3-D  photographs. 

As  described  above  it  is  extremely  important  that 
the  width  of  the  image  band  be  at  least  8.5  degrees 
and  not  more  than  11  degrees  to  achieve  the  3-dimen- 
sional  photographs  meeting  the  objectives  desired.  If 
the  width  of  an  image  band  is  less  than  8.5  degrees, 
the  eyes  may  see  non-adjacent  stereo  pairs  when  the 
photograph  is  tilted.  The  image  band  cannot  be  great- 
erthan  11  degrees  as  both  eyes  will  see  the  same  im- 
age  band  because  it  is  not  possible  to  put  two  stereo- 
scopic  pairs  within  each  lenticule.  It  is  essential  to 
have  at  least  two  stereoscopic  pairs  in  order  to  ach- 
ieve  desired  3-dimensional  effect.  3-D  photographs 
of  the  past  were  not  of  high  quality  because  of  the  fact 
that  the  viewer  frequently  saw  non-adjacent  image 
bands  when  the  photograph  was  tilted.  This  resulted 
in  the  pictures  being  in  poor  focus  or  distorted  when 
held  at  various  positions  by  the  viewer.  This  problem 
has  been  solved  by  reducing  the  number  of  image 
bands  to  three.  It  has  always  been  thought  in  the  past 
that  it  was  necessary  to  have  at  least  four  image 
bands  and  for  there  to  be  an  even  number  of  image 
bands.  It  has  also  been  discovered  that  these  image 
bands  must  be  between  8V2  and  11  degrees  in  width 

and  that  the  lenticule  must  be  approximately  30  de- 
grees  in  width.  All  these  characteristics  are  essential 
to  producing  high  quality  3-D  photographs. 

5 
Claims 

1.  An  autostereoscopic  three  dimensional  photo- 
graph  comprising  a  lenticular  print  film  having  a 

10  lenticular  screen  which  comprises  a  plurality  of 
adjacent  lenticules  overlying  a  photosensitive 
surface  of  the  film,  and  an  image  array  formed  on 
the  photosensitive  surface,  which  array  compris- 
es  a  plurality  of  image  bands  (cf  Figure  8,  num- 

15  bers  1,  2  and  3),  characterised  in  that  beneath 
each  lenticule  there  are  only  three  adjacent  im- 
age  bands  (cf  Figure  4,  number  8)  which  substan- 
tially  fill  the  width  of  the  lenticule  and  each  of 
which  comprises  at  least  part  of  the  information 

20  of  a  correspondent  one  of  three  adjacent  per- 
spective  views  (7)  of  an  object  (5)  and  wherein 
each  band  has  a  width  such  that  it  subtends  an 
angle  approximately  between  8.5°  and  11°  to  the 
focal  point  (3)  of  the  lenticule  such  that  the  viewer 

25  only  sees  a  pair  of  adjacent  image  bands  when 
viewing  the  image  array  thereby  minimising  blur- 
ring  when  viewing  the  image  array  at  various  dis- 
tances  or  when  the  image  array  is  tilted  in  relation 
to  the  line  of  sight  of  the  viewer. 

30 
2.  An  autostereoscopic  three  dimensional  photo- 

graph  according  to  claim  1  wherein  each  band 
has  a  width  such  that  it  subtends  an  angle  ap- 
proximately  between  8.5°  and  10°  to  the  focal 

35  point  (3)  of  the  lenticule. 

3.  A  photographic  system  for  producing  an  autoster- 
eoscopic  three-dimensional  photograph  accord- 
ing  to  claim  1  or  2  comprising: 

40  a  camera  (10)  with  only  three  lenses  in 
which  the  lenses  are  arranged  in  substantially  the 
same  horizontal  plane  with  the  distance  between 
adjacent  lenses  (6)  being  equal  and  determined 
by  the  focal  length  of  the  lenses  and  size  of  the 

45  negative  being  utilized  so  as  to  produce  three  in- 
dependent  views  of  a  scene  taken  through  the 
lenses  and  exposed  on  the  negative;  and 

an  enlarger  having  at  least  a  single  enlarg- 
ing  lens  (L1,L2,L3)  to  focus  the  images  captured 

50  on  the  negative  onto  a  lenticular  print  photosen- 
sitive  material  arranged  to  produce  only  three  ad- 
jacent  image  bands  beneath  any  given  lenticule 
which  three  image  bands  substantially  fill  the 
width  of  the  lenticule  and  wherein  each  image 

55  band  represents  part  of  the  information  of  one  of 
the  three  views  of  the  scene  captured  on  the  neg- 
ative  and  each  image  band  has  a  width  such  that 
it  subtends  an  angle  approximately  between  8.5° 

5 
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and  11°  to  the  focal  point  (3)  of  the  lenticule. 

4.  A  system  according  to  claim  3  wherein  the  enlarg- 
er  comprises  three  lenses  for  projecting  each  of 
the  views  exposed  on  the  negative. 

5.  A  system  according  to  claim  3  or  4  wherein  the 
enlarger  creates  image  bands  which  subtend  an 
angle  approximately  between  8.5°  and  10°  to  the 
focal  point  of  a  lenticule. 

6.  The  use  of  a  camera  to  produce  a  three- 
dimensional  photograph  according  to  claim  1  or 
2. 

7.  The  use  of  a  camera  in  accordance  with  claim  6 
wherein  the  camera  is  a  three  lens  camera  having 
lenses  arranged  in  substantially  the  same  hori- 
zontal  plane  with  the  distance  between  adjacent 
lenses  being  equal  and  determined  by  the  focal 
length  of  the  lenses  and  the  size  of  the  negative 
being  used. 

Patentanspruche 

1.  Ein  autostereoskopisches,  dreidimensionales 
Bild,  das  einen  linsenformigen  Druckfilm  mit  ei- 
ner  linsenformigen  Schichtaufweist,  dermehrere 
benachbarten  derlichtempfindlichen  Oberflache 
des  Filmes  ubergeordneten  zylindrischen  Linsen 
aufweist,  und  eine  auf  der  lichtempfindlichen 
Oberflache  gebildete  Bildanordnung,  die  mehre- 
re  Bildbande  (siehe  Abbild  8,  Nr.  1,  2  und  3)  auf- 
weist,  die  so  zu  bezeichnen  sind,  dali  unter  jeder 
zylindrischen  Linse  nur  drei  benachbarten  Bild- 
bande  entstehen  (siehe  Abbild  4,  Nr.  8),  die  im 
wesentlichendie  Breite  jeder  Linse  ausfullen,  wo- 
bei  jeder  Band  mindestensein  Bruchteil  der  Infor- 
mation  aufweist,  die  sich  aus  einer  der  drei  ent- 
sprechenden  benachbarten  Perspektivansichten 
(7)  eines  Gegenstands  (5)  ergibt,  und  wobei  jeder 
Band  eine  Breite  besitzt,  die  sich  mit  einem  Win- 
kel  zwischen  ungefahr  8.5°  und  11°  auf  den 
Brennpunkt  (3)  der  zylindrischen  Linse  bezieht, 
damit  der  Zuschauer  nur  ein  Paar  der  benachbar- 
ten  Bildbande  bei  Besichtigung  der  Bildanord- 
nung  sieht  und  damit  die  Unscharfe  minimalisiert 
wenn  die  Bildanordnung  aus  verschiedenen  Ent- 
fernungen  oder  der  Sichtlinie  geneigt,  ange- 
schaut  wird. 

2.  Ein  autostereoskopisches  dreidimensionales 
Lichtbild  gemali  Anspruch  1,  wobei  jeder  Band 
eine  Breite  besitzt,  die  sich  auf  den  Brennpunkt 
(3)  der  Linse  mit  einem  Winkel  zwischen  ungefahr 
8.5°  und  10°  bezieht. 

3.  Ein  photograph  isches  System  zurProduktion  von 
einer  autostereoskopischen  photograph  ischen 
dreidimensionalen  Aufnahme,  welches  System 
folgendes  aufweist: 

5  eine  Kamera  (10)  mit  nur  drei  im  wesent- 
lichen  auf  der  gleichen  horizontalen  Ebene  ge- 
ordneten  Linsen,  wobei  die  Entfernung  zwischen 
benachbarten  Linsen  (6)  gleich  ist  und  von  der 
Brennweite  der  Linsen  sowie  der  verwendeten 

10  Negativgrolie  bestimmt  wird,  damit  drei  unab- 
hangigen  Szenenansichten  mit  den  Linsen  pro- 
duziert  werden,  die  das  Negativ  belichten;  und 

ein  Vergrolierungsgerat  mit  mindestens 
eine  Vergrolierungslinse  (L1,  L2,  L3),  die  die  auf 

15  dem  Negativ  enthaltenen  Bilder  auf  einem  linsen- 
formigen  lichtempfindlichen  Druckmaterial 
scharfstellen,  wobei  nur  drei  benachbarten  Bild- 
bande  unter  einer  gegebenen  zylindrischen  Linse 
entstehen,  welche  Bildbande  im  wesentlichen 

20  die  Breite  dieser  Linse  ausfullen,  und  jeder  Bild- 
band  stellt  ein  Teil  der  Information  der  drei  auf 
dem  Negativ  gefaliten  Szenenansichten  dar,  wo- 
bei  jeder  Band  eine  solche  Breite  besitzt,  die  sich 
mit  einem  Winkel  von  ungefahr  zwischen  8.5° 

25  und  11°  auf  den  Brennpunkt  (3)  der  zylindrischen 
Linse  bezieht. 

4.  Ein  System  gemali  Anspruch  3,  wobei  das  Ver- 
grolierungsgerat  drei  Linsen  zur  Projezierung  je- 

30  der  der  auf  dem  Negativ  belichteten  Ansichten 
aufweist. 

5.  Ein  System  gemali  Anspruch  3  oder  4,  wobei  das 
Vergrolierungsgerat  Bildbande  produziert,  die 

35  sich  mit  einem  Winkel  von  ungefahr  zwischen 
8.5°  und  10°  auf  den  Brennpunkt  der  zylindri- 
schen  Linse  beziehen. 

6.  Die  Anwendung  einer  Kamera  zwecks  Herstel- 
40  lung  eines  dreidimensionalen  Lichtbilds  gemali 

Anspruch  1  oder  2. 

7.  Die  Anwendung  einer  Kamera  gemali  Anspruch 
6,  wobei  die  Kamera  drei  Linsen  besitzt,  die  im 

45  wesentlichen  auf  der  gleichen  horizontalen  Ebe- 
ne  geordnet  sind,  und  die  Entfernung  zwischen 
benachbarten  Linsen  gleichgestellt  und  von  der 
Brennweite  der  Linsen  sowie  von  der  Negativgro- 
lie  bestimmt  ist. 

50 

Revendications 

1.  Une  photographie  autostereoscopique  en  trois 
55  dimensions  comprenant  un  film  lenticule  pour 

epreuves  ayant  un  ecran  lenticulaire  qui 
comprend  une  pluralite  de  lentilles  contigues 
superposees  sur  une  surface  photosensible  du 

6 
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film,  et  une  rangee  d'images  tiree  sur  la  surface 
photosensible,  cette  rangee  comprenant  une  plu- 
rality  de  bandes  d'images  (voir  Illustration  8,  nu- 
meros  1  ,  2,  et  3),  caracterisees  par  le  fait  que 
sous  chaque  lentille  il  n'y  a  que  trois  bandes 
d'images  contigues  (voir  Illustration  4,  numero  8) 
qui  remplissent  considerablement  la  largeurde  la 
lentille  et  dont  chacune  comprend  au  moins  une 
partie  de  I'information  d'une  des  trois  vues  en 
perspective  contigues  (7)  d'un  objet  (5)  et  ou  cha- 
que  bande  a  une  largeur  telle  qu'elle  sous-tend 
un  angle  d'approximativement  entre  8,5°  et  11° 
au  foyer  (3)  de  la  lentille  de  maniere  a  ce  que  le 
vision  neur  ne  voie  qu'une  paire  de  bandes  d'ima- 
ges  contigues  ainsi  minimisant  une  image  floue 
lors  du  visionnement  de  la  rangee  d'images  a  des 
distances  variees  ou  lorsque  la  rangee  d'images 
est  inclinee  par  rapport  a  la  ligne  de  vision  du  vi- 
sion  neur. 

2.  Une  photographie  autostereoscopique  en  trois 
dimensions  selon  la  revendication  1  dans  laquel- 
le  chaque  bande  a  une  largeur  telle  qu'elle  sous- 
tend  un  angle  d'approximativement  entre  8,5°  et 
10°  au  foyer  (3)  de  la  lentille. 

3.  Un  systeme  photographique  pour  la  production 
d'une  photographie  autostereoscopique  en  trois 
dimensions  selon  la  revendication  1  ou  2  compre- 
nant: 

un  appareil  photographique  (10)  n'ayant 
que  trois  objectifs  dans  lequel  les  objectifs  sont 
disposes  en  grande  partie  dans  le  meme  plan  ho- 
rizontal  avec  la  distance  entre  les  objectifs  conti- 
gus  (6)  etant  egale  et  determinee  par  la  distance 
focale  des  objectifs  et  par  les  dimensions  du  cli- 
che  utilise  afin  de  produire  trois  vues  indepen- 
dantes  d'une  scene  prises  a  travers  les  objectifs 
et  exposees  sur  le  cliche;  et 

un  agrandisseurayantau  moins  un  simple 
objectif  d'agrandissement  (L1  ,  L2,  L3)  afin  de  fo- 
caliser  les  images  captees  sur  le  cliche  sur  un 
materiel  lenticule  et  photosensible  pourepreuves 
disposees  afin  de  ne  produire  que  trois  bandes 
d'images  contigues,  sous  n'importe  laquelle  des 
lentilles  ou  trois  bandes  d'images  remplissent 
considerablement  la  largeur  de  la  lentille  et  dont 
chacune  comprend  au  moins  une  partie  de  I'infor- 
mation  d'une  des  trois  vues  de  la  scene  captee 
sur  le  cliche  et  ou  chaque  bande  a  une  largeur  tel- 
le  qu'elle  sous-tend  un  angle  d'approximative- 
ment  entre  8,5°  et  11°  au  foyer  (3)  de  la  lentille. 

4.  Un  systeme  selon  la  revendication  3  dans  lequel 
I'agrandisseur  comprend  trois  objectifs  pour  la 
projection  de  chacune  des  vues  exposees  sur  le 
cliche. 

5.  Un  systeme  selon  la  revendication  3  ou  4  dans  le- 
quel  I'agrandisseur  cree  des  bandes  d'images  qui 
sous-tendent  un  angle  d'approximativement  en- 
tre  8,5°  et  10°  au  foyer  (3)  de  la  lentille. 

5 
6.  L'emploi  d'un  appareil  photographique  pour  pro- 

duire  une  photographie  en  trois  dimensions  selon 
la  revendication  1  ou  2. 

10  7.  L'emploi  d'un  appareil  photographique  selon  la 
revendication  6  dans  lequel  I'appareil  est  un  ap- 
pareil  photographique  a  trois  objectifs  ayant  les 
objectifs  disposes  en  grande  partie  dans  le 
meme  plan  horizontal  avec  la  distance  entre  les 

15  objectifs  contigus  (6)  etant  egale  et  determinee 
par  la  distance  focale  des  objectifs  et  par  les  di- 
mensions  du  cliche  utilise. 
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