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amongst  the  patent  literature.  UK  Patent  No. 
1,528,362  (Dimensional  Development  Cor- 
poration)  describes  a  process  of  taking  a  number 
of  different  two  dimensional  perspectives  of  an 
object  field  and  subsequently  combining  these 
into  one  lenticular  picture,  in  which  the  emulsion 
behind  each  cylindrical  lenticule  is  filled  unambi- 
guously  with  the  appropriate  image  content. 

US  Patents  No  2,562,077  and  No.  3,409,351 
(Winnek)  propose  the  use  of  large  diameter  len- 
ses  in  conjunction  with  a  wide  rectangular  aper- 
ture  in  which  a  range  of  perspectives  may  be 
photographed  in  a  single  operation.  Again 
cylindrical  lenticules  are  shown  and  the  space 
behind  each  lenticule  is  filled  unambiguously  by 
properly  setting  the  width  of  the  aperture  in 
relation  to  the  width  of  lenticules,  the  thickness  of 
the  lenticular  material  and  the  distance  of  the 
aperture  from  the  film. 

The  use  of  spherically  lenticulated  film  for 
recording  autostereoscopic  pictures  with  per- 
spective  changes  in  both  horizontal  and  vertical 
directions  is  described  in  US  Patent  No.  3,683,773 
(Dudley).  Close  packed  hexagonal  or  square  lens- 
lets  could  be  used  in  conjunction  with  an  aperture 
of  similar  shape,  the  dimensions  of  such  aperture 
being  so  chosen  that  the  image  of  this  formed  by 
each  lenticule  on  the  film  emulsion  precisely 
abuts  those  formed  by  its  nearest  neighbours.  In 
effect,  the  width  of  the  image  associated  with 
each  lens  element  is  limited  to  that  of  the  lens 
element  itself. 

According  to  the  present  invention  there  is 
provided  recording  apparatus  for  producing  a 
record  of  an  object  field  in  which  substantially 
perspective  change  in  one  direction  only  is 
recorded,  comprising  optical  means  for  forming 
an  image  of  the  object  field  in  an  image  field, 
elongate  aperture  means  associated  with  said 
optical  means,  a  two  dimensional  array  of  lens 
elements  disposed  in  said  image  field  and 
recording  means  associated  with  said  lens 
elements,  characterized  by  each  lens  element 
having  a  spheroidal  surface  portion  or  optically 
equivalent  means  for  forming  a  real  image  of  said 
elongate  aperture  means  on  said  recording 
means,  said  image  comprising  a  range  of  per- 
spectives  of  the  object  field  along  its  elongate 
dimension  and  a  substantially  smaller  range  of 
perspectives  in  a  direction  orthogonal  to  said 
elongate  dimension,  and  that  means  are  provided 
for  forming  a  plurality  of  images  by  each  of  said 
lens  elements  in  said  orthogonal  direction. 

According  to  the  invention  there  is  also  pro- 
vided  recording  apparatus  for  producing  a  record 
of  an  object  field  in  which  substantially  perspec- 
tive  change  in  one  direction  only  is  recorded, 
comprising  optical  means  for  forming  an  image 
of  the  object  field  in  an  image  field,  elongate 
aperture  means  associated  with  said  optical 
means,  a  two  dimensional  array  of  lens  elements 
disposed  in  said  image  field  and  recording  means 
associated  with  said  lens  elements,  characterized 
by  each  lens  element  having  a  spheroidal  surface 
portion  or  optically  equivalent  means  for  forming 

Description 

This  invention  relates  to  recording  methods 
and  apparatus  for  producing  records  of  object 
fields,  and  also  to  production  methods  and  5 
apparatus  for  producing  autostereoscopic  images 
from  intermediate  records. 

The  use  of  a  lenticular  screen  in  conjunction 
with  film  emulsion  positioned  at  the  focal  plane  of 
the  lens  elements  (lenticules)  of  such  a  screen,  in  10 
order  to  compose  and  subsequently  view  a  three 
dimensional  image,  is  well  known.  In  some 
methods  separate  two  dimensional  views  of 
different  perspectives  of  an  object  field  are  taken 
and  then  subsequently  recombined  through  a  15 
lenticular  screen  to  form  the  composite,  so  called, 
autostereoscopic  image. 

The  fundamental  property  of  an  autostereos- 
copic  image  is  that  each  eye  views  a  different 
perspective  of  the  object  field  by  viewing  the  20 
picture  at  a  slightly  different  angle,  and  that  the 
observer  does  not  require  special  viewing  devices 
to  do  so. 

In  broad  terms  there  are  two  types  of  lenticular 
picture.  25 

A  first  type  of  picture  is  formed  on  cylindrically 
lenticulated  material  having  a  large  number  of 
long  narrow  cylindrical  lens  elements  or  lenticu- 
les  which  are  parallel-arranged.  Each  lens 
element  is  primarily  convergent  in  planes  both  30 
orthogonal  to  a  plane  containing  the  elements 
and  orthogonal  to  the  axis  of  the  element.  The 
element  is  less  convergent  in  all  other  planes  and 
in  particular  has  no  or  substantially  no  converg- 
ence  in  planes  containing  the  axis  of  the  element.  35 
A  portion  of  a  specific  perspective  is  recorded  as  a 
narrow  stripe  viewed  from  a  specific  series  of 
vantage  points  as  filling  the  lenticule.  This  type  of 
lenticular  picture  only  accommodates  changes  of 
perspective  in  one  direction,  allowing  the  viewer  40 
to  change  position  in,  for  instance,  the  vertical 
direction  without  changes  in  perspective  being 
observed. 

The  second  type  of  lenticular  picture  is  formed 
on  lenticulated  material  having  a  two  dimensional  45 
array  of  lens  elements  or  lenticules,  each  of  which 
is  convergent  in  all  planes  orthogonal  to  a  plane 
containing  the  elements.  The  elements  may  be 
formed  as  small  spheroidal  regions  of  the  surface 
of  the  lenticulated  material  or  by  placing  two  50 
cylindrically  lenticulated  surfaces  in  close  proxi- 
mity  with  the  axes  of  one  set  of  cylinders  ortho- 
gonal  to  that  of  the  second  set.  Each  lenticule  or 
lenslet  operates  symmetrically  in  two  dimensions 
allowing  changes  of  perspective  in  both  the  hori-  55 
zontal  and  vertical  to  be  accommodated.  Within 
the  limits  of  the  resolution  of  the  emulsion  at  the 
focal  plane  of  each  lenticule  and  the  latter's 
optical  aberrations,  each  point  of  the  emulsion 
behind  a  specific  lenticule  is  seem  to  fill  this  eo 
lenticule  when  viewed  from  a  particular  vantage 
point. 

For  more  detail  on  various  proposals  which 
might  be  employed  to  produce  lenticular  auto- 
stereoscopic  pictures,  descriptions  may  be  found  65 
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such  that  each  recorded  image  has  substantially 
no  perspective  change  in  the  orthogonal  direc- 
tion. 

According  to  the  present  invention  there  is  also 
provided  a  record  of  an  object  field  in  which 
substantially  perspective  change  in  one  direction 
only  is  recorded,  comprising  a  two  dimensional 
array  of  lens  elements  each  lens  element  having  a 
spheroidal  surface  portion  or  optically  equivalent 
means  having  a  focal  plane  at  an  image  bearing 
surface  and  an  image  of  said  surface  associated 
with  each  lens  element,  characterized  by  each 
image  being  elongate  and  comprising  a  range  of 
perspectives  of  the  object  field  along  said  elon- 
gate  dimension  and  a  substantially  smaller  range 
of  perspectives  in  an  orthogonal  direction. 

According  to  the  present  invention  there  is  also 
provided  reproduction  apparatus  for  the  produc- 
tion  of  an  autostereoscopic  image  of  an  object 
field  from  a  record  of  said  object  field  produced 
according  to  the  invention  said  aparatus  compris- 
ing  means  for  mounting  said  record,  a  light 
source  arranged  to  provide  substantially  uniform 
illumination  of  at  least  a  portion  of  said  record, 
elongate  selection  aperture  means  arranged  to 
transmit  only  rays  from  said  light  source  each  of 
which  has  traversed  a  recorded  image  and  its 
associated  lens  element,  and  imaging  means 
arranged  to  form  an  autostereoscopic  image  from 
said  transmitted  rays  in  which  perspective  change 
substantially  in  one  direction  only  is  reproduced. 

According  to  the  invention  there  is  also  pro- 
vided  a  method  for  producing  a  record  of  an 
object  field  in  which  substantially  perspective 
change  in  one  direction  only  is  recorded,  the 
method  comprising  providing  optical  means  for 
forming  an  image  of  an  object  field  in  an  image 
field,  positioning  elongate  aperture  means  to 
operate  in  conjunction  with  said  optical  means 
and  providing  a  composite  recording  material 
comprising  an  array  of  lens  elements  and  a 
photosensitive  medium  in  the  image  field,  charac- 
terized  by  the  array  being  two  dimensional  and 
each  lens  element  having  a  spheroidal  surface 
portion  or  optically  equivalent  means  and  each 
lens  element  forming  a  real  image  of  said  elon- 
gate  aperture  on  said  medium. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying 
drawings,  in  whih:  — 

Figures  1A  and  1B  illustrate  the  principles  of  an 
autostereoscopic  picture  employing  a  lenticular 
screen. 

Figures  2A  and  2B  show  diagrammatically  how 
various  dimensions  in  a  conventional  camera  for 
use  with  respectively  cylindrical  and  spherical 
lenticular  film  are  related  to  the  parameters  of 
such  film. 

Figure  3  shows  how,  in  principle,  one  lenticular 
picture  may  be  used  to  produce  a  second  auto- 
stereoscopic  picture. 

Figure  4  shows  schematically  certain  limiting 
aberrations  of  lenticular  material  and  how  these 
increase  with  viewing  angle  for  conventional 
lenticular  material. 

a  real  image  of  said  elongate  aperture  means  on 
said  recording  means,  said  image  comprising  a 
range  of  perspectives  of  the  object  field  along  its 
elongate  dimension  and  a  substantially  smaller 
range  of  perspectives  in  a  direction  orthogonal  to  5 
said  elongate  dimension,  the  co-ordinate  axes  of 
the  array  of  lens  elements  being  so  oriented  out 
of  alignment  with  the  direction  of  the  elongate 
dimension  of  the  image  of  the  aperture,  and  the 
relative  dimensions  of  said  aperture  and  the  10 
dimensions  of  said  elements  being  so  selected 
that  the  length  of  each  image  substantially 
exceeds  the  width  of  its  corresponding  lens 
element  without  overlapping  the  images  formed 
by  the  neighbouring  lens  elements.  is 

This  invention  involves  a  departure  from  the 
conventional  practice  of  using  cylindrically  len- 
ticulated  film  for  autostereoscopic  pictures 
accommodating  perspective  changes  in  only  one 
direction  and  spherically  lenticulated  film  for  20 
pictures  which  accommodate  changes  in  both  the 
vertical  and  horizontal.  Embodiments  of  the 
invention  provide  a  number  of  significant  advan- 
tages  over  prior  art  methods. 

For  example,  recording  apparatus  according  to  25 
the  invention  can  provide  an  intermediate 
stereosopic  record  for  subsequent  enlargement 
and  for  reproduction  onto  conventional  cylindri- 
cal  lenticular  material,  in  which  a  substantially 
greater  number  of  perspectives  of  the  object  field  30 
may  be  recorded  unambiguously  than  would 
normally  be  achievable  for  the  chosen  lenticule 
width  and  the  resolving  power  of  the  emulsion 
used  in  the  intermediate  record.  Consequently 
faster  emulsions  (coarser  grain  size)  may  be  used  35 
to  provide  a  shorter  exposure  time  in  the  initial 
picture  taking  process. 

Another  embodiment  of  the  invention  allows  a 
three-dimensional  colour  picture  to  be  recorded 
whilst  employing  black  and  white  emulsion.  Suit-  40 
able  apparatus  will  allow  this  record  to  be  used  to 
produce  a  full  colour  autostereoscopic  picture  on 
cylindrical  lenticular  film. 

In  certain  embodiments,  a  number  of  different 
images  of  different  object  fields,  each  comprising  45 
a  range  of  perspectives  of  the  respective  object 
field  in  one  direction  only,  may  be  unambigu- 
ously  recorded  on  a  single  intermediate  record. 
Each  such  image  is  independent  of  the  other 
images,  the  record  can  act  as  a  "cassette"  from  so 
which  individual  images  may  be  retrieved  by 
subsequent  reproduction.  Instead  of  recording 
images  of  distinct  object  fields,  images  could  be 
recorded  as  a  time  series  of  images  of  the  same 
object  field,  providing  a  degree  of  animation  to  55 
the  subject  matter. 

It  is  possible  to  employ  an  elongate  aperture 
means  which  has  a  ratio  of  length  to  width  (i.e.  an 
aspect  ratio)  as  low  as  5  to  1,  provided  there  is  no 
call  for  recording  a  particularly  large  number  of  60 
perspectives  within  one  image  or  a  large  number 
of  different  images  on  a  single  intermediate 
record.  Suitably,  however,  the  elongate  aperture 
means  has  an  aspect  ratio  which  exceeds  10  to  1, 
and  preferably  the  elongate  aperture  means  is  65 



EP  0  188  424  B1 

W=2L  tan(a/2) Figure  5  is  a  digram  showing  how  the  efficiency 
of  recording  autostereoscopic  pictures 
accommodating  perspective  changes  in  sub- 
stantially  one  direction  only,  may  be  significantly 
improved  by  using  spherical  lenticular  material  in 
apparatus  according  to  a  first  embodiment  of  the 
invention. 

Figures  6A  and  6B  are  a  plan  and  section  side 
elevation  respectively  of  a  small  region  of  spheri- 
cal  lenticular  film  showing  how  such  film  may  be 
utilised  in  accordance  with  a  second  embodiment 
of  the  invention  to  achieve  significant  angles  of 
acceptance  (viewing  angle)  in  one  direction  whilst 
reducing  aberrations  for  skew  rays  and  increasing 
picture  resolution  generally  and  Figure  6C  is  a 
plan  view  of  a  sheet  of  such  film. 

Figure  7  is  a  schematic  diagram  of  an  embodi- 
ment  of  the  invention  in  which  colour  information 
is  recorded  on  lenticular  material  carrying  black 
and  white  emulsion. 

Figure  8  is  a  sectional  view  of  apparatus  accord- 
ing  to  an  embodiment  of  a  second  aspect  of  the 
invention  for  reproducing  an  autostereoscopic 
image  from  a  lenticular  record  produced  using 
embodiments  according  to  the  first  aspect  of  the 
invention. 

Figures  9  and  10  are  sections  of  further  repro- 
duction  apparatus  according  to  the  invention. 

The  principle  of  the  formation  of  an  auto- 
stereoscopic  image  on  both  cylindrical  and 
spherical  lenticular  film  composed  of  a  lenticular 
screen  in  front  of  a  photographic  emulsion  is 
illustrated  with  reference  to  Figures  1A  and  B. 

A  small  part  of  lenticular  picture  1  (Figure  1  B)  is 
shown  enlarged  in  Figure  1A  to  consist  of  a 
regular  array  of  small  lenses  (lenticules)  3  in  front 
of  an  image  surface  4.  Any  point  on  this  surface 
will,  to  a  good  approximation,  fill  the  entire  width 
of  the  associated  lenticule  when  viewed  from  a 
particular  direction.  The  amount  of  image  bearing 
surface  4  associated  with  each  lenticule  is 
typically  equal  in  width  d  to  that  of  the  lenticule 
itself.  The  range  of  angles  over  which  a  lenticule 
may  be  observed  without  viewing  a  portion  of  the 
surface  4  associated  with  its  nearest  neighbour  is 
known  as  the  viewing  angle  of  the  lenticular 
picture.  Points  5  and  6  represent  the  limiting 
points  for  two  adjacent  lenticules  and,  to  a  good 
approximation,  for  a  thickness  t  of  lenticular 
material  of  refractive  index  u,  the  following  rela- 
tionship  will  hold 

sin  (a/2)  d 
=arc  tan  (  ) 

U  2t 

In  a  direction  which  is  orthogonal  to  the  longi- 
tudinal  axis  of  a  cylindrical  lenticule  (or  in  any 
direction  in  the  case  of  spheroidal  lenticules)  the 
lenticular  picture  is  limited  in  detail  to  the  len- 
ticule  pitch,  equal  to  d  in  the  illustration. 

It  is  normal  to  arrange  for  the  direction  of  the 
centre  of  the  viewing  angle  a  to  vary  as  a  function 
of  position  so  that,  at  an  optimum  viewing  dis- 
tance  L,  there  is  a  region  of  width 

from  which  the  entire  picture  may  be  unambigu- 
ously  viewed.  The  right  eye  7  and  the  left  eye  8  of 

5  the  observer  see  point  B  in  front  of  the  picture  1 
and  point  A  as  appearing  to  lie  behind  the  surface. 
This  is  because  the  various  rays  which  are  recon- 
structed  by  the  lenticular  picture  to  correspond  to 
point  B  emanate  from  different  lenticules  (depen- 

io  dent  on  ray  direction).  The  same  is  true  for  point  A 
except  that  the  rate  of  change  of  ray  direction  as  a 
function  of  position  on  the  lenticular  picture  is  of 
opposite  sign  to  that  of  B.  The  slower  the  rate  of 
change,  the  nearer  a  point  is  to  the  picture 

15  surface,  and,  the  faster  this  rate  of  change,  the 
further  behind  or  in  front.  It  will  be  clear  that,  the 
more  precisely  a  pencil  of  rays  is  focussed  on  the 
emulsion  behind  a  lenticule  and  the  higher  the 
resolution  of  the  emulsion,  the  more  precisely  the 

20  pencil  of  rays  will  be  reconstructed  when  viewed, 
and  thus  the  greater  the  depth  of  field. 

In  practice,  it  is  a  combination  of  the  optical 
aberrations  of  a  lenticule  and  the  resolving  power 
of  the  emulsion  at  its  optimum  focus  which,  for  a 

25  given  lenticule  width  and  viewing  angle,  limits  the 
precision  of  the  reconstruction  process.  This,  in 
turn,  limits  the  shift  of  origin  at  the  lenticular 
screen  as  a  function  of  the  observer's  position  of 
rays  seen  to  correspond  to  a  particular  point  in 

30  the  image  field  before  the  image  becomes 
degraded. 

In  fact,  for  a  viewing  angel  a  of  25°,  and  a 
refractive  index  of  approximately  1.5,  a  shift  of 
about  forty  lenticule  widths  may  be  accommo- 

35  dated,  given  emulsion  of  sufficient  resolution.  For 
a  viewing  angle  of  40°,  however,  this  shift  is 
reduced  to  twelve  widths  before  a  degraded 
image  is  observed.  Thus,  for  a  large  viewing 
angle,  a  smaller  number  of  different  perspectives 

40  can  be  accommodated  on  a  lenticular  screen  than 
for  a  smaller  viewing  angle. 

Two  types  of  conventional  lenticular  film  and 
the  aperture  dimensions  of  associated  cameras 
are  illustrated  with  reference  to  Figures  2A  and 

45  2B. 
In  Figure  2A,  a  cylindrical  lenticular  film  9  is 

exposed  to  the  image  of  an  object  field  through 
lens  10  and  a  long  narrow  aperture  11  in  plate  12. 
Two  rays  13  and  14,  shown  as  dashed  lines 

so  arriving  from  the  object  field,  represent  respec- 
tively  the  most  left  and  most  right  perspective  of  a 
point  in  the  object  field,  whose  image  lies  in  the 
plane  of  the  lenticular  picture  at  point  15,  which 
can  be  accommodated  by  the  lenticular  film  and 

55  accordingly  are  accepted  by  aperture  11.  The 
range  of  perspectives  accepted  by  aperture  11  is 
imaged  behind  point  15  along  a  strip  16  of 
photosensitive  emulsion,  shown  hatched.  The 
length  of  this  strip  is  limited  to  the  lenticule  width 

60  d,  or  it  would  encroach  on  the  emulsion  asso- 
ciated  with  the  adjacent  lenticule.  It  should  be 
noted  that  the  height  of  strip  16  is  related  to  the 
imaging  quality  of  lens  1  0  in  the  vertical  direction. 
For  points  in  the  object  field  which  are  imaged 

65  outside  the  plane  of  the  film  9,  such  as  points  A 
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and  B  in  Figure  1B,  normal  depth  of  field  argu- 
ments  will  apply  with  respect  to  the  height  H  of 
aperture  11  which  has  a  width  W.  It  follows  that, 
using  the  same  conventions  as  before,  the  angle  a 
of  convergence  of  rays  13  and  14  is  the  same  as 
the  viewing  angle  for  the  lenticular  picture  and 
that 

5  It  will  also  be  apparent  that  the  viewing  angle  p  of 
the  new  image  is  related  to  the  viewing  angle  a  of 
the  master  approximately  as 

M  tan  (3=tan  a 
10 

There  are  a  number  of  limitations  when  making 
reproductions  from  a  conventional  lenticular 
transparency  like  master  28  using  the  apparatus 
of  Figure  3.  The  first  of  these  concerns  the 

15  lenticule  size  of  master  28  and  reproduction  film 
30.  If  these  are  nearly  equal  (i.e.  M=1)  then  Moire 
effects  will  cause  unwanted  patterns  on  film  30.  In 
fact,  in  order  to  avoid  visible  Moire  patterns, 
lenticules  should  have  a  separation  on  screen  28 

20  which  is  equivalent  to  about  60%  or  less  of  that  of 
film  30.  For  a  given  viewing  angle  this  implies  a 
finer  resolution  of  film  emulsion  to  accommodate 
an  equivalent  number  of  distinguishable  perspec- 
tives.  In  practice  the  master  should  accommodate 

25  more  perspectives  than  the  reproduction  requires 
in  order  that  quality  of  the  end  product  should  not 
be  sacrificed. 

The  second  limitation  is  concerned  with  the 
inherent  optical  aberrations  of  a  conventional 

30  lenticular  picture  and  is  particularly  severe  where 
a  magnification  factor  M  greater  than  1  is  desired. 
For  M=2  and  a  viewing  angle  P  of  23°  on  the  final 
picture,  the  equivalent  angle  must  be  greater  than 
40°  on  the  master.  As  previously  indicated,  a 

35  lenticular  screen  with  a  viewing  angle  of  less 
than  25°  can  in  principle  accommodate  in  excess 
of  forty  different  perspectives,  whereas  one  with  a 
viewing  angle  of  40°  can  cope  with  little  more 
than  twelve. 

40  The  typical  aberrations  causing  this  limitation 
are  illustrated  with  reference  to  Figure  4.  Two 
groups  of  four  rays  are  shown  entering  a  single 
lenticule  31.  The  thickness  of  the  lenticular 
material,  which  in  this  example  has  a  refractive 

45  index  of  1.52,  is  t  and  the  lenticule  width  d.  The 
group  of  rays  (double  arrows)  entering  the  len- 
ticular  material  at  normal  incidence  (centre  of 
viewing  angle)  reach  a  focus  with  some  spherical 
aberration  behind  the  back  surface  (emulsion)  32, 

50  whereas  the  group  of  rays  (single  arrows) 
entering  at  skew  incidence  and  at  the  extreme 
edge  of  the  viewing  angle  reach  a  minimum  width 
with  considerable  coma  just  in  front  of  surface  32. 
The  position  of  surface  32  is  a  compromise  which 

55  ensures  that  A,  and  A2,  the  spread  of  the  central 
and  skew  rays  respectively,  on  surface  32,  is 
optimised.  The  net  result  for  a  configuration  in 
which  skew  rays  enter  at  20°  from  centre  is  that 
the  spread  A  is  approximately  d/12. 

60  If  we  only  need  to  consider  the  inner  pair  of  rays 
in  each  group,  each  approximately  one  third  out 
from  the  centre  of  the  lenticule  on  passing 
through  its  front  face,  then  the  optimum  position 
of  the  back  surface  is  at  plane  33  when  A3  and  A4 

65  are  approximately  equal  and  less  than  d/36.  The 

where  L  is  the  distance  of  the  aperture  from  the 
lenticular  picture  and  becomes  the  optimum 
viewing  distance. 

In  practice,  the  horizontal  definition  of  a  picture 
using  cylindrical  lenticules  is  limited  to  the  len- 
ticule  width  d,  and  a  vertical  picture  definition 
much  in  excess  of  this  is  of  little  benefit.  The 
resolving  power  of  the  photographic  emulsion 
must,  however,  accommodate  detail  much  finer 
than  this  dimension  in  order  to  distinguish 
between  the  range  of  different  perspectives 
behind  each  picture  "element". 

In  Figure  2B,  a  spherical  lenticular  film  utilises 
the  resolution  of  the  emulsion  behind  each  len- 
ticule  to  the  same  degree  both  horizontally  and 
vertically.  In  prior  art  proposals  for  cameras,  such 
as  that  described  in  US  Patent  No.  3,683,773 
(Dudley),  a  large  aperture  18  of  comparable  hori- 
zontal  and  vertical  dimensions  is  shown  for  cap- 
turing  a  significant  range  of  perspectives  of  the 
object  field  both  horizontally  and  vertically.  In 
effect,  each  lenticule  17  forms  a  small  image  of 
the  aperture  18  (shown  in  Figure  2B  as  a  hatched 
area  19)  which  is  limited  in  width  to  that  of  the 
lenticule  and  abuts  the  images  formed  by  neigh- 
bouring  lenticules.  Points  in  the  object  field  are 
imaged  onto  film  17  through  a  lens  close  to 
aperture  18.  Four  extreme  rays  20,  21,  22  and  23 
are  shown  to  converge  onto  the  film  after  passing 
through  the  lens  (not  shown)  and  aperture  18.  The 
formulae  derived  previously  for  one  dimension 
for  viewing  angle  and  optimum  viewing  distance 
may  be  applied  in  both  dimensions. 

One  arrangement  for  producing  autostereos- 
copic  pictures  from  a  suitable  transparent  lenticu- 
lar  master  is  illustrated  with  reference  to  Figure  3. 

Light  from  a  source  24  passes  through  con- 
denser  lens  assembly  25  and  a  diffusing  screen  26 
so  that  light  from  every  part  of  screen  26  would 
pass  in  a  well  distributed  manner  through  a  wide 
aperture  in  plate  27.  The  lenticular  master  28  is 
placed  immediately  in  front  of  diffuser  26,  the 
width  of  the  aperture  in  plate  27  and  its  distance 
from  the  lenticular  picture  being  arranged  to 
match  the  latter's  viewing  angle.  The  complete 
range  of  perspectives  of  the  object  field  recorded 
on  picture  28  is  now  imaged  through  plate  27  by 
lens  29  onto  a  lenticular  film  (screen  and  emul- 
sion)  30.  The  ratio  of  the  distance  U  from  master 
28  to  lens  29  and  the  distance  V  from  the  lens  29 
to  film  30  determines  the  magnification  M  of  the 
new  image,  where,  to  a  good  approximation. 
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the  same  subject  matter.  It  is  also  possible  to  use 
the  dimension  orthogonal  to  the  strip  image  of 
the  aperture  to  record  the  colour  content  of  an 
image  on  black  and  white  photographic  emulsion, 

5  as  described  below. 
As  shown  above,  efficiency  is  improved  in 

terms  of  exposure  requirements  (time  and/or  light 
level)  for  small  lenticule  width  and  film  grain  size 
by  utilising  spherical  lenticules  in  a  process  for 

w  taking  autostereoscopic  pictures  having  sub- 
stantially  perspective  change  in  one  direction 
only.  Such  an  arrangement  has  been  shown  to 
provide  a  number  of  other  related  advantages.  In 
fact,  preferred  embodiments  of  the  current  inven- 

15  tion  go  considerably  further  by  departing  radi- 
cally  from  one  of  the  conventional  constraints 
placed  on  lenticular  pictures.  These  allow,  by  a 
suitable  rearrangement  of  lenticule  orientation 
with  reference  to  the  camera's  elongate  taking 

20  aperture,  the  length  of  the  aperture's  image 
behind  each  lenticule  to  significantly  exceed  the 
lenticule's  width.  This  is  illustrated  with  reference 
to  Figures  6A  and  6B,  which  show  lenticular  film 
used  in  accordance  with  a  second  embodiment  of 

25  the  invention. 
A  small  region  of  spherically  lenticulated 

material  is  shown  in  plan  elevation  in  Figure  6A 
and  in  sectioned  side  elevation  in  Figure  6B.  The 
boundary  of  broken  line  grid  39  (Figure  6A) 

30  approximates  to  the  dimensions  of  a  normal 
lenticule  of  width  d  which,  tipped  at  an  angle  of 
arc  tan  (1/3)  (approximately  18.4°),  would  form  an 
image  of  the  camera's  taking  aperture  within  the 
rectangular  boundary  40  on  the  back  surface  41  of 

35  the  material  of  thickness  t.  The  broken  line  42 
(Figure  6B)  represents  what  would  be  the  surface 
of  the  lenticule.  In  fact,  the  area  39  is  broken  into 
nine  smaller  areas,  each  of  which  forms  its  own 
image  of  the  elongate  aperture  in  a  tightly  packed 

40  but  unambiguous  record  on  surface  41.  In  this 
configuration,  the  camera  aperture's  aspect  ratio 
(length  to  height)  is  conveniently  greater  than  10 
to  1,  allowing  for  a  small  boundary  of  unexposed 
emulsion  around  each  image  formed  and  thus  no 

45  unwanted  overlap.  In  practice,  a  ratio  of  15  to  1 
might  be  employed,  allowing  also  for  tolerances 
of  a  geometric  nature.  Each  lenticule  is  much 
smaller  than  before  and,  returning  momentarily 
to  Figure  4,  it  will  be  apparent  that  each  lenticule 

50  is  represented  by  the  central  portion  of  lenticule 
31  and  that  a  large  number  of  distinct  perspec- 
tives  may  be  recorded  at  a  position  equivalent  to 
plane  33  (in  fact  on  surface  41).  For  a  given 
viewing  angle,  say  25°  or  more,  in  which  the 

55  emulsion  has  become  the  limiting  factor  on  the 
number  of  distinct  perspectives,  a  smaller  len- 
ticule  size  may  nevertheless  be  employed,  thus 
producing  better  picture  resolution. 

The  "number  of  distinct  perspectives"  is  taken 
so  to  mean  the  number  of  equally  spaced  discrete 

directions  at  which  parallel  light  may  enter  a 
lenticule  within  the  overall  viewing  angle  a  so 
that,  for  any  given  discrete  direction,  the  area  of 
optimum  focus  on  the  rear  surface  of  the  lenticu- 

65  lar  screen  does  not  overlap  the  corresponding 

limiting  factor  in  this  case  is  field  curvature.  This 
observation  is  of  little  practical  value  when  con- 
sidering  the  lenticular  material  conventionally. 
However  it  has  bearing  on  aspects  of  the  inven- 
tion  described  below  and  will  be  referred  to  again. 

In  embodiments  of  the  invention,  autostereos- 
copic  pictures  can  be  produced  with  variation  of 
perspective  in  one  dimension,  using  smaller  len- 
ticules  and  accordingly  finer  emulsion,  without 
requiring  more  light  in  the  picture  taking  step.  It  is 
generally  true  that  the  sensitivity  of  photographic 
emulsion  decreases  rapidly  with  decreasing  grain 
size.  If  a  cylindrical  lenticular  picture  of  a  given 
size  had  its  lenticule  width  and  grain  size  halved, 
the  exposure  time  would  very  likely  have  to  be 
increased  byfourormore.  It  is  generally  desirable 
for  the  end  product  (lenticular  print  or  trans- 
parency)  to  have  cylindrical  lenticules,  so  that 
vertical  changes  in  the  observer's  position  do  not 
alter  the  perspective  views  seen  by  each  eye.  The 
intermediate  master,  however,  need  not  suffer 
this  constraint. 

One  embodiment  of  the  invention  which  uses 
spherical  lenticular  film  to  capture  one  or  more 
records  of  an  object  field  in  a  very  efficient 
manner  is  illustrated  with  reference  to  Figure  5. 

A  single  spheroidal  lenticule  is  shown  schemata 
ically  as  a  volume  34  of  lenticular  material.  For  the 
sake  of  clarity  it  is  shown  grossly  enlarged  with 
respect  to  an  elongate  aperture  35  as  employed 
when  taking  autostereoscopic  pictures  with 
cylindrical  material.  An  image  36  of  this  aperture 
is  formed  on  the  back  surface  of  the  material.  It 
will  be  apparent  that  neighbouring  lenticules  (not 
shown)  above,  below  or  at  the  sides  of  lenticule 
34  will  form  similar  strip  images.  Parts  of  two 
such  images  are  shown  as  37  and  38  and  it  will  be 
seen  that  their  ends  abut  the  ends  of  image  36. 
For  a  square  lenticule  boundary,  the  aspect  ratio 
of  the  aperture  35,  W/H,  represents  the  increase  in 
efficiency  for  given  aperture  size  with  which  the 
emulsion  is  used,  i.e.  the  proportions  of  the 
emulsion  used  in  forming  an  image  of  the  object 
field.  This  would  typically  be  of  the  order  of  20:1 
as  nineteen  strips  similar  to  strip  36  could  be 
formed  side  by  side  behind  the  lenticule  34.  A 
very  useful  feature  of  this  embodiment  of  the 
invention  is  that  it  allows  for  further  autostereos- 
copic  pictures  to  be  recorded  behind  the  same 
array  of  lenticules,  simply  by  moving  the 
generally  rectangular  aperture  35  relative  to  the 
lenticular  array  to  a  position  such  as  35A  which  is 
parallel  to  the  previous  position  of  the  aperture.  A 
corresponding  image  36A  would  then  be  pro- 
duced  on  the  emulsion  behind  lenticule  34.  Even 
allowing  for  aberrations  as  illustrated  with  ref- 
erence  to  Figure  4,  a  series  of  ten  such  distinct 
images  would  be  comfortably  accommodated 
behind  each  lenticule,  any  one  of  these  being 
selectable  by  a  suitable  reproduction  system  by 
appropriately  placing  a  generally  rectangular 
aperture  to  correspond  to  the  taking  aperture 
position.  The  series  of  images  may  be  of  com- 
pletely  unrelated  subject  matter,  as  in  a  film 
cassette,  or  could  be  a  sequence  or  time  series  of 
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the  length  of  each  recorded  image  can  be  greater 
than  the  width  of  the  corresponding  lenticule  of 
the  array.  As  shown  in  Figure  6A,  with  the 
aperture  tipped  at  18.4°  to  one  of  the  axes,  the 
length  of  each  image  is  greater  than  three  times 
the  width  a  of  the  corresponding  lenticule.  With 
square  lenticules  of  width  a,  if  the  angle  of  the 
aperture  relative  to  an  axis  of  the  array  were 
increased  to  45°,  the  length  of  each  image  could 
be  approximately  1.4  a,  which  would  still  give  a 
useful  improvement  over  the  prior  art  arrange- 
ment  of  Figure  2,  where  the  length  of  the  image 
does  not  exceed  the  lenticule  width. 

In  practice,  embodiments  of  the  invention 
would  employ  non  zero  and  different  values  for 
the  integers  n  and  m,  and  the  orientation  of  the 
long  dimension  of  the  image  formed  beneath  a 
lens  element  would  be  such  that  a  line  drawn 
through  the  optical  axis  of  one  lens  element 
having  this  direction  would  not  pass  within  allow- 
able  tolerances  through  the  optical  axis  of 
another  lens  element  which  is  within  two  lens 
element  widths  of  the  first  lens  element's  axis. 

A  precut  sheet  of  lenticular  film  manufactured 
in  accordance  with  this  invention  is  shown  dia- 
grammatically  in  Figure  6C.  The  edges  of  this 
sheet  film  will  typically  define  the  format  of  the 
picture  (or  intermediate  record)  taken.  The  co- 
ordinate  axes  A  and  B  of  the  lenticular  array  are 
tipped  at  an  angle  of  18.4°  with  respect  to  the 
picture  axes  Y  and  X  respectively  and,  in  use,  with 
respect  to  the  taking  aperture  of  the  camera.  For 
reasons  of  clarity,  the  lenticules  are  not  drawn  to 
scale  and  would,  in  practice,  constitute  a  fine 
mesh. 

It  is  this  precise  geometric  relationship  which, 
for  a  given  aperture  geometry,  ensures  that  the 
film  is  correctly  positioned  with  respect  to  the 
taking  aperture.  In  this  example,  a  single  image 
corresponding  to  the  elongate  aperture,  or  a 
series  of  such  images  spaced  at  a  direction 
normal  to  the  long  dimension  of  each  aperture, 
may  be  formed  with  a  length  more  than  three 
times  that  of  its  corresponding  lenticule,  provid- 
ing  the  width  of  the  image  or  group  of  images 
corresponding  to  this  lenticule  does  not  exceed 
one  tenth  of  its  length. 

In  practice,  there  will  be  tolerance  factors,  and 
an  aspect  ratio  of  15  to  1  may  be  used  for  this 
particular  geometry.  This  would  leave  room  for 
an  allowable  error  of  2.7°  in  the  orientation  of  the 
lenticule  array. 

Certain  components  of  a  camera  in  accordance 
with  the  invention  are  illustrated  with  reference  to 
Figure  7.  Two  representative  rays  from  an  object 
field  are  shown  to  enter  the  camera  through  a 
long  narrow  aperture  43  in  plate  44.  In  order  to 
capture  a  significant  range  of  perspectives  this 
aperture  may  be  150  mms  long  but  have  a  height 
of  only  2  to  5  mms.  In  practice  a  group  of  small 
apertures  substantially  spread  over  an  elongate 
area  may  provide  some  mechanical  advantages 
in  construction  and  fulfil  the  requirements  of  an 
elongate  aperture  means.  The  number  of  such 
apertures  would  ideally  match  the  resolution 

areas  for  the  adjacent  discrete  directions  on  either 
side.  For  a  conventional  lenticular  structure  of 
refractive  index  u  the  number  of  distinct  perspec- 
tives  N  can  be  shown  from  the  prior  art  to  follow 
an  approximate  relationship  in  which 

F=N 
2(11-1) 

10 
where  a  is  given  in  radians,  and  F  is  taken  to  be 
the  lenticular  Figure  of  Merit. 

In  the  example  given,  the  limiting  constant 
exceeds  16,  representing  a  very  significant 
improvement  on  the  prior  art. 

Returning  to  Figure  6A,  in  the  general  case, 
where  the  small  lenticules  are  arranged  on  a 
lattice  having  a  repetition  length  a  along  one  axis, 
b  along  the  second  axis  and  in  which  the  axes  are 
at  an  angle  of  9  to  one  another,  the  length  of  the 
strip  image  behind  each  lenticule  is  given  by  the 
expression, 

l2=n2a2+m2b2-2  nm  ab  cos  6 

where  n  and  m  are  integers  with  no  common 
prime  factors.  The  available  height  of  the  area  in 
which  one  or  more  strip  images  of  the  taking 
aperture  must  be  recorded  is  given  by 

15 

20 

25 

30 
ab  sin  6 

h=- 

In  practice,  u  may  be  taken  as  an  effective 
refractive  index  where  lenticular  structures  more 
complex  than  a  single  homogeneous  lenticulated 
sheet  are  employed.  Examples  of  such  structures 
include  the  above-mentioned  crossed-cylindrical 
form  and  a  sheet  having  regions  of  different 
refractive  index.  In  the  example  a  square  lattice 
has  been  chosen  (a=b  and  9=90°),  with  n=3  and 
m=1.  In  summary,  for  a  particular  viewing  angle 
a,  approximately  40°C,  the  present  embodiment 
of  the  invention  has  allowed  a  linear  increase  in 
picture  resolution  (reduction  in  lenticule  width)  of 
a  factor  of  3  at  the  same  time  as  increasing  the 
number  of  distinct  perspectives  recorded  beneath 
each  lenticule  by  a  similar  factor,  when  compared 
to  the  spatial  and  angle  resolution  expected  in  the 
prior  art. 

Even  allowing  for  some  tolerance,  a  lenticular 
Figure  of  Merit  comfortably  in  excess  of  14  is 
achieved  in  the  illustrated  example.  Other  con- 
figurations  will  typically  lead  to  different  levels  of 
improvement.  Thus,  where  n=m=1,  a  Figure  of 
Merit  comfortably  in  excess  of  8,  a  worthwhile 
improvement  over  the  prior  art,  may  be  expected. 
It  is  assumed,  throughout,  that  the  physical 
dimensions  of  the  lenticules  exceed  those  at 
which  diffraction  effects  become  significant. 

Thus,  it  will  be  seen  that  by  tipping  the  elongate 
aperture  relative  to  the  array  of  lenticules,  so  that 
the  longitudinal  axis  of  the  aperture  is  out  of 
alignment  with  the  co-ordinate  axes  of  the  array, 
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thickness  of  component  46  may  be  used  to 
achieve  similar  results. 

Thus,  whilst  the  vertical  focussing  action  of 
reflecting  component  46  generally  images  light 

5  passing  through  slot  43  onto  slot  47,  the  disper- 
sive  action  of  grating  54  breaks  this  image  ver- 
tically  into  its  various  colour  components,  blue 
being  near  the  top  of  slot  47,  green  in  the  middle 
and  red  near  the  lower  edge,  the  action  of  lens 

10  assembly  45  being  to  make  these  components 
approximately  parallel.  Internal  reflection  by 
prism  56  separates  the  light  from  the  input  of  the 
camera  and  directs  it  through  an  imaging  lens  49. 
This  lens  reimages  the  various  colour  com- 

w  ponents  of  a  particular  image  point  onto  film  48, 
there  being  a  spread  of  angle  of  incidence  which 
depends  on  colour,  in  a  direction  orthogonal  to 
the  long  axis  of  the  camera's  aperture  43.  A  small 
region  57  of  film  48  including  such  an  image  point 

20  is  shown  enlarged  in  detail  58.  The  red,  green  and 
blue  components  (R,  G  and  B)  are  imaged  onto 
different  narrow  bands  within  a  strip  image  of 
height  h  underneath  spherical  lenticule  59.  It  is 
clear  that  the  photosensitive  layer  60  may  be 

25  monochromatic,  typically  but  not  necessarily 
black  and  white  photographic  emulsion,  since  a 
colour  image  can  be  reconstituted  from  the  infor- 
mation  recorded  beneath  each  lenticule  by  suit- 
able  positioning  of  colour  filters  in  the  rectangular 

30  aperture  of  a  reproduction  system. 
The  embodiment  of  Figure  7  employs  a  colour 

dispersive  component  46  to  spatially  separate  the 
colour  components  of  each  image  point  under- 
neath  each  lenticule.  Other  embodiments  are 

35  possible  in  which  the  spatial  separation  of  colour 
is  achieved  more  simply  by  using  a  taking  aper- 
ture  of  some  height  (typically  one  tenth  of  its 
width)  which  is  provided  with  blue,  green  and  red 
filters,  each  of  full  aperture  width  and  one  third  or 

40  less  of  aperture  height.  There  will  be  a  small  loss 
of  precision  in  this  method  due  to  the  vertical 
change  in  perspective  between  colours.  This  will 
be  particularly  noticeable  for  subjects  which  are 
imaged  some  distance  away  from  the  plane  of  the 

45  lenticular  picture.  To  overcome  this  problem,  for 
subject  matter  of  substantial  depth,  a  narrow 
stationary  aperture  may  be  used,  providing  the 
film  is  tipped  about  a  horizontal  axis  during  the 
exposure  period.  The  colour  filters  are  effectively 

50  fixed  in  relation  to  the  film  and  move  past  the 
aperture  sequentially.  In  effect,  the  relative  posi- 
tion  of  the  narrow  aperture  with  respect  to  the 
film  covers  the  entire  area  of  the  full  aperture 
required  to  fully  expose  the  area  of  emulsion 

55  assigned  to  each  lenticule. 
Film  48  in  Figure  7  is  spherical  lenticular  film 

and  records  an  array  of  strip  images  of  the 
aperture  on  emulsion  behind  the  lenticules,  each 
image  comprising  a  range  of  perspectives  of  the 

eo  object  field  in  one  direction  and  substantially  no 
perspective  change  in  the  orthogonal  direction. 
After  processing  the  picture  could  be  viewed 
directly,  but  the  observer  would  need  to  do  so 
from  a  precisely  defined  vertical  position  corre- 

65  sponding  to  the  relative  position  of  the  aperture  in 

capability  of  the  recording  medium.  Elongate 
aperture  means  may,  in  practice  be  constructed 
by  creating  the  long  dimension  of  this  means  as 
the  composite  result  of  scanning  one  or  more 
smaller  apertures  through  the  required  length. 

Spherically  lenticulated  film,  configured  as 
shown  in  Figure  6A,  allows  the  strip  image 
recorded  through  each  lenticule  to  have  an  aspect 
ratio  of,  say,  10:1,  which  corresponds  to  at  least 
three  times  the  height  of  the  image  aperture  43, 
assuming  its  length  and  distance  from  the  lenticu- 
les  correctly  match  the  viewing  (acceptance) 
angle.  The  embodiment  here  described  uses  this 
additional  available  height  to  record  colour  infor- 
mation  without  requiring  colour  emulsion. 

Lens  assembly  45  is  long  enough  to  accommo- 
date  rays  from  the  entire  length  of  elongate 
aperture  43.  If  lens  45  is  a  simple  convex  lens  it 
forms  one  image  of  the  object  field  at  a  specially 
constructed  reflecting  component  46.  Alterna- 
tively,  lens  assembly  45  may  have  a  number  of 
generally  spheroidal  portions  side  by  side,  the 
front  portion  being  visible  in  Figure  7  and  each 
portion  facing  a  section  of  aperture  43  and  a 
horizontal  slot  47,  hereinafter  described.  In  prac- 
tice,  the  side  by  side  portions  of  assembly  45  may 
be  generally  cylindrical  providing  the  combined 
optical  powers  of  front  and  rear  surfaces  results  in 
a  number  of  adjacent  images  of  the  object  field  at 
component  46.  The  general  curvature  of  this 
component  in  the  vertical  plane  is  centred  on  a 
line  slightly  beyond  lens  assembly  45  so  that,  to  a 
first  approximation,  aperture  43  is  imaged  onto 
the  centre  line  of  a  second  slot  47̂   in  plate  44.  This 
slot  is  considerably  higher  than  43,  its  height 
typically  being  somewhat  less  than  0.1  of  its 
length  and  matching  the  configured  lenticular 
film  48  on  which  lens  49  forms  the  recorded 
image.  A  small  region  50  of  component  46  is 
shown  enlarged  both  in  horizontal  and  vertical 
section. 

Detail  51  shows  that  the  rear  side  of  reflecting 
component  46  is  provided  with  vertically  extend- 
ing  reflecting  90°  V-grooves  52.  These  grooves 
have  the  property  of  returning  incident  rays  in  the 
same  horizontal  direction  from  which  they  came. 
In  addition  to  nulling  out  to  a  good  approximation 
horizontal  aberrations  introduced  in  the  image 
formed  by  lens  assembly  45,  this  ensures  that  the 
recorded  image  is  an  orthoscopic  record  of  the 
object  field;  that  is  to  say,  distant  objects  are  seen 
to  lie  behind  the  film  surface  whilst  near  objects 
appear  in  front. 

Detail  53  shows  the  same  region  50  of  com- 
ponent  46  in  vertical  section.  The  front  surface  54 
at  which  light  first  enters  as  ray  55  has  colour 
dispersive  properties  and  causes  the  ray  to  be 
split  into  its  various  colour  components.  A  diffrac- 
tion  grating  is  a  typical  example  of  such  a  disper- 
sive  structure,  the  red  component  being  deflected 
more  than  the  blue.  Red,  green  and  blue  com- 
ponents  are  shown  diagrammatically  as  the  three 
rays  in  the  figure  and  labelled  R,  G  and  B, 
respectively.  Other  dispersive  structures  employ- 
ing  surface  relief  or  bulk  diffraction  within  the 
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approximation,  be  considered  equivalent.  (t'=t/u, 
where  t  is  the  thickness  of  lenticular  material  and 
u  is  its.  refractive  index). 

For  square  lenticules  of  width  d,  and  strip 
image  dimensions  of  I  (length)  and  h  (height),  it 
follows  that,  for  the  left-hand  edge  of  strip  70  to 
pass  light  through  the  most  right  edge  of  lenticule 
69  and  vice  versa,  the  horizonal  angle  a'  sub- 
tended  by  screen  62  at  the  film  is  given  by  the 
relationship, 

a'  (d+l) 

2  2t' 

Likewise  the  vertical  angle  P'  subtended  by 
screen  62  at  the  film  is  given  by, 

the  picture  taking  process,  in  order  to  receive  rays 
from  the  array  of  strip  images,  each  of  the  latter 
being  seen  through  its  corresponding  spherical 
lenticule.  In  practice,  this  is  unsatisfactory  as 
small  movements  would  be  likely  to  occur  and  the 
picture  would  be  lost  from  view.  This  practical 
difficulty  in  viewing  can  be  overcome  by  treating 
the  film  48  as  an  intermediate  record.  By  transfer- 
ring  the  recorded  images  onto,  for  example, 
cyindrical  lenticular  film,  an  autostereoscopic 
image  of  the  object  field  may  be  provided  which 
can  be  viewed  directly  without  the  need  for 
careful  positioning.  For  cylindrical  lenticules  run- 
ning  vertically,  slight  side-to-side  movement  of 
the  viewer's  head  enables  the  range  of  perspec- 
tives  of  the  object  field  to  be  seen,  whilst  on 
vertical  movement  there  is  no  perspective  change 
but  the  cylindrical  lenticules  permit  viewing  from 
a  range  of  angles  relative  to  the  horizontal. 

An  apparatus  in  accordance  with  the  invention 
for  viewing  and/or  producing  an  autostereoscopic 
picture  from  an  intermediate  lenticular  record 
such  as  one  produced  by  the  apparatus  of  Figure 
7,  will  now  be  described  with  reference  to  Figure 
8.  For  the  sake  of  compactness,  certain  com- 
ponents  and  paths  of  light  in  planes  perpendicu- 
lar  to  the  paper  and  along  axes  of  symmetry  of 
the  system  have  been  drawn  in  broken  line  form 
in  the  plane  of  the  paper.  The  main  drawing  (solid 
line)  represents  a  vertical  section  (plane  of  sym- 
metry)  of  the  apparatus. 

A  horizontally  extending  light  source  61  acts  in 
conjunction  with  a  rectangular  diffusing  screen  62 
to  provide  substantially  uniform  illumination 
from  every  point  of  scceen  62  for  a  pair  of  fresnel 
condenser  lenses  63  which  cover  the  entire  area 
of  the  transparent  lenticular  film  record.  (Alterna- 
tively  a  scanning  point  source  could  be  used). 
Light  enters  record  64  from  the  picture  bearing 
(rear)  surface.  The  prime  function  of  the  lens 
assembly  63  is  to  direct  light  from  the  source 
through  every  part  of  lenticular  film  64  generally 
towards  an  elongate  aperture  65  of  width  W  and 
height  H  in  plate  66.  The  distance  L  of  aperture  65 
from  lenticular  film  64,  its  horizontal  and  vertical 
dimensions  W  and  H,  and  its  orientation  relative 
to  the  lenticular  array  correspond  to  the  distance, 
size  and  orientation  of  the  taking  aperture  relative 
to  the  lenticular  array  during  its  original  exposure. 
This  ensures  that  each  strip  image  recorded 
beneath  its  respective  lenticule  is  reimaged 
through  aperture  65  provided  that  the  strip 
receives  appropriate  illumination  from  behind. 
This  is  accomplished  by  properly  selecting  the 
height  and  width  of  diffusion  screen  62  and 
correctly  positioning  the  screen.  The  necessary 
angles  subtended  both  vertically  and  horizontally 
by  screen  62  at  the  surface  of  film  64  are  calcu- 
lated  with  reference  to  a  schematic  enlargement 
of  a  small  region  67  of  the  film.  Detail  68  shows  a 
single  lenticule  69  at  a  distance  t'  in  front  of  its 
associated  strip  image  70.  For  the  sake  of  con- 
venience  t'  is  the  equivalent  air  separation 
between  lenslet  and  back  surface  so  that  internal 
and  external  light  ray  directions  may,  to  a  first 

10 

15 

(d+h) 

2t' 

P' 
tan  (  —  )  = 

2 
20 

These  two  angles  should  not  be  confused  with 
the  viewing  angle  of  the  lenticular  film  as  pre- 
viously  defined,  which  is  the  angle  subtended  by 
the  strip  image  when  viewed  through  the  len- 
ticule  itself.  To  a  good  approximation  this  is  a 
horizontally  and  p  vertically  in  which, 

25 

30 
tan 

and 

35 

Detail  68  also  shows  that,  in  order  to  achieve  the 
efficiencies  provided  by  the  invention,  the  edge  of 
the  lenticule  is  tipped  by  an  angle  <J>  with  respect 
to  the  direction  of  strip  image  70.  In  the  example 
illustrated,  <p  is  approximately  18.4°  corre- 
sponding  to  tan  cp=1/3  (as  for  the  film  shown  in 
Figure  6).  The  horizontal  viewing  angle  of  the  film 
a  is  about  40°,  t=0.43  mm,  d=0.1  mm,  1=0.32  mm 
and  h=0.03  mm. 

It  now  follows  that  a'=51°  and  P'=17°,  set 
against  values  of  40°  for  a  and  4°  for  p  which  are 
the  angles  subtended  by  aperture  65  at  film  64.  To 
a  first  approximation,  the  fraction  of  light  f  pass- 
ing  through  any  specific  point  of  the  emulsion, 
which  is  collected  and  reimaged  by  the  particular 
lenticule  associated  with  this  point  is  given  by  the 
expression 

40 

45 

50 

55 

f=- 
(l+d)  (h+d) 

Consequently,  aperture  65  will  pass  no  more 
than  18%  of  light  transmitted  through  lens 
assembly  63  and  film  64.  Some  loss  of  light 
occurs,  but  this  is  not  critical  in  practice,  and  the 
arrangement  ensures  that  the  lenticular  record  is 
precisely  reimaged  through  an  aperture  65  which 

60 

65 
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viewing  purposes  we  may  extrapolate  rays  79  and 
81  backwards  to  point  A  at  which  they  meet.  To  a 
first  approximation,  extreme  left  perspectives  of 
all  image  points  may  be  viewed  from  this  point. 

5  Conversely  all  extreme  right  hand  perspectives 
may  be  viewed  from  the  point  B.  The  line  AB 
represents  a  base  line  from  which  picture  76  may 
optimally  be  viewed.  Its  distance  V  from  the  film 
is  four  times  the  distance  L,  corresponding  to  the 

10  taking  distance  for  record  64,  and  its  length  may 
be  more  than  twice  the  width  of  the  taking 
aperture.  This  can  be  a  very  big  advantage  in  a 
practical  system,  where  taking  distance  should  be 
short  to  ensure  a  compact  camera,  whereas  view- 

15  ing  distance  for  the  same  size  picture  may  ideally 
be  considerably  greater.  (Reading  distance  for  a 
small  picture  and  up  to  one  metre  for  a  25  cmx20 
cm  enlargement). 

The  uncoupling  of  viewing  distance  from  scal- 
20  ing  factor  is  achieved  by  varying  the  distance 

between  the  aperture  65  and  lens  74,  indepen- 
dently  of  the  aperture's  distance  from  record  64. 
Having  fixed  the  position  of  the  lens  and  thus  its 
distance  from  the  film,  its  focal  length  may  be 

25  selected  to  provide  the  appropriate  magnification 
factor.  It  will  be  clear  that  as  lens  74  is  moved 
further  from  the  aperture  65  its  size  requirements 
increase  and  there  is  a  practical  limit  to  this. 

A  different  mechanism  which  allows  viewing 
30  distance  to  be  altered  almost  independently  of 

scaling  factor  is  illustrated  in  the  vertical  optical 
arm  of  the  arrangement.  This  part  of  the  system 
has  another  important  function.  It  is  adapted  to 
make  reproductions  of  orthoscopic  records, 

35  retaining  the  orthoscopic  properties  in  the  repro- 
duction.  Conversely  the  horizontal  arm  of  the 
arrangement  converts  a  pseudoscopic  record 
(background  objects  appear  nearer  than  fore- 
ground  objects)  into  an  orthoscopic  record 

40  (natural  perspective).  Where  the  taking  camera 
produces  a  pseudoscopic  record  that  is  approp- 
riate.  However,  where  an  orthoscopic  record  has 
been  taken,  image  inversion  is  not  desirable. 

Semi-reflecting  mirror  73  reflects  light  passing 
45  through  aperture  65  upwards  through  lens 

assembly  82.  Typically,  this  may  consist  of  one  or 
more  imaging  components  placed  side  by  side 
along  the  length  of  aperture  65.  Assembly  82 
forms  one  or  more  images  of  lenticular  record  64 

so  at  or  near  a  retro-reflecting  screen  83.  This  may 
consist  of  an  array  of  small  spherical  elements  or 
a  series  of  corner  cube  reflectors.  The  property  of 
screen  83  is  that  any  ray  reflected  by  it  is  to  a  good 
approximation  returned  down  its  incident  path. 

55  By  ensuring  that  it  is  near  the  focus  of  the  image 
of  record  64,  a  minimum  degree  of  blurring  is 
introduced  due  to  deviations  from  this  behaviour. 
A  further  improvement  in  image  quality  may  be 
obtained  by  moving  screen  83  in  its  own  plane 

60  during  the  exposure  of  the  reproduction  84,  which 
receives  light  through  semi-transparent  mirror  73, 
aperture  85,  equivalent  to  65,  and  two  lenses  86 
and  87.  If  it  were  not  for  the  function  of  lenses  86 
and  87,  and  if  lenticular  film  84  were  placed  at  a 

65  distance  L  from  aperture  85  (equal  to  the  distance 

is  equivalent  to  the  taking  aperture  of  the  camera 
employed  to  expose  the  original  lenticular  image. 
Where  the  intermediate  record  has  captured  a 
range  of  perspectives  vertically  by  being  exposed 
through  a  taking  aperture  of  significant  height, 
then  since  the  lenticular  reproduction  can 
typically  only  accommodate  perspective  change 
horizontally,  its  depth  of  field  can  in  fact  often  be 
improved  by  stopping  down  aperture  65  in  the 
vertical  dimension. 

In  this  embodiment,  plate  71  in  front  of  aperture 
65  forms  part  of  a  shutter  and  carries  three 
optional  colour  filters,  each  occupying  one  third 
of  the  height  of  the  aperture  65.  These  are  used  to 
reconstruct  a  colour  image  from  a  record  in  which 
colour  information  has  been  spatially  separated 
on  black  and  white  emulsion  beneath  each  len- 
ticule. 

A  narrow  pencil  of  three  rays  72  in  the  vertical 
plane  passes  through  aperture  65  from  a  point  in 
the  middle  of  film  64.  The  apparatus  of  Figure  8  is 
adapted  to  receive  both  orthoscopic  and  pseudos- 
copic  lenticular  records,  and  a  semi-reflecting 
mirror  73  is  provided  to  deflect  light  into  the 
vertical  optical  path  of  the  system.  In  fact, 
although  the  apparatus  would  normally  be  sup- 
plied  with  two  stations  (76,  84),  only  one  would  be 
set  up  for  use  at  any  one  time,  depending  on  the 
nature  of  image  required.  It  may  in  some  circum- 
stances  be  desirable  to  use  the  apparatus  as  a 
viewer  —  printer  where  one  station  is  used  for  _ 
viewing  and  the  other  for  printing.  With  screen  76 
only  set  up,  mirror  73  is  unnecessary.  The  pencil 
of  rays  72  is  focussed  by  lens  74  to  a  point  75  on  a 
conventional  cylindrical  lenticular  screen  and 
emulsion  76.  Two  skew  rays  77  and  78  are  shown 
to  correspond  to  image  points  at  the  top  and 
bottom  of  what  is  an  enlarged  image  of  the 
original  lenticular  record.  The  lenticules  run  ver- 
tically  on  the  cylindrical  lenticular  reproduction. 

Remembering  that  the  broken  lines  represent 
rays  in  the  horizontal  plane,  rays  79  and  80  which 
are  the  most  extreme  rays  passed  by  aperture  65 
in  the  horizontal  plane,  coverge  onto  an  image 
point  at  the  extreme  right-hand  edge  of  the 
picture  and  at  an  angle  corresponding  to  the 
viewing  angle  of  the  cylindrical  lenticular  screen. 
The  width  W  of  this  aperture  65  may  be  adjusted 
in  order  to  match  the  viewing  angle  of  lenticular 
film  76  with  its  distance  from  aperture  65  as  seen 
through  lens  74.  The  only  limitation  on  this 
adjustment  is  that  W  should  not  exceed  the  full 
width  accommodated  by  the  strip  images  (such 
as  70)  as  imaged  by  the  lenticules  (such  as  69)  of 
the  film  64. 

An  extremely  useful  feature  of  the  arrangement 
as  illustrated  is  that  the  scaling  factor  (2x  in  the 
example)  of  the  image  and  the  optimum  viewing 
distance  may  be  independently  adjusted.  Ray  81 
corresponds  to  the  most  left  perspective  of  a 
point  on  the  extreme  left  hand  edge  of  the  picture, 
whereas  ray  79  corresponds  to  the  most  left 
perspective  of  a  point  on  the  extreme  right  hand 
edge  of  the  picture.  (Ray  80  corresponds  to  the 
most  right  perspective  of  this  same  point).  For 

10 
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source  of  light  such  as  would  typically  be  used  in 
forming  holograms. 

It  is  therefore  practical  using  the  invention  to 
create  a  real  orthoscopic  image  composed  of 

5  coherent  light  and  by  mixing  this  with  a  reference 
beam,  in  a  manner  well  known  in  the  prior  art,  to 
construct  a  hologram  on  a  photosensitive 
medium  at  a  position  equivalent  to  that  of  com- 
ponent  76.  This  may  be  an  image  plane  hologram 

10  of  a  subject  on  a  scale  to  be  selected  and,  given 
apparatus  with  a  narrow  horizontal  aperture,  will 
only  display  perspective  changes  horizontally.  It 
should  further  be  noted  that  full  colour  infor- 
mation  may  be  recorded  with  respect  to  any 

15  object  field.  This  may  be  captured  on  colour 
emulsion  or  alternatively  spatially  separated  on 
black  and  white  emulsion.  Using  the  invention, 
such  a  lenticular  record  may  be  transformed  into 
a  hologram  in  which  all  original  colours  are 

20  reproduced  monochromatically  using  a  single 
coherent  wavelength  and  a  black  and  white  inter- 
mediate  record.  Alternatively,  each  colour  com- 
ponent  of,  say,  a  three  component  (RGB)  record 
may  be  holographically  encoded  on  a  suitable 

25  medium,  so  that,  when  the  final  hologram  is 
viewed,  the  three  autostereoscopic  components 
are  seen  together  as  a  single  full  colour  three 
dimensional  image. 

Although  the  same  result  may  be  achieved  in 
30  different  ways,  the  simplest  example  of  an 

arrangement  which  will  allow  three  colour  com- 
ponents  to  be  recorded  and  viewed  using  a  single 
holographic  plate  is  one  in  which  the  area  of  the 
plate  is  divided  into  a  number  of  regions  carrying 

35  different  coloured  optical  filters,  along  similar 
lines  to  the  well  established  Dufay  principle 
employed  in  the  manufacture  of  colour  trans- 
parencies  using  black  and  white  emulsion  in 
conjunction  with  striped  red,  green  and  blue 

40  colour  filters.  Ideally  such  filters  would  run  hori- 
zontally,  so  that  their  width,  does  not  affect  the 
holographic  resolving  ability  in  the  horizontal 
dimension  in  which  the  range  of  perspectives  of 
the  object  field  must  be  accommodated.  In  this 

45  embodiment,  the  red  component  of  the  hologram 
is  recorded  beneath  the  red  transmission  filters, 
the  green  component  beneath  the  green  filters 
and  the  blue  component  beneath  the  blue  filters. 

A  further  embodiment  of  the  invention  permits 
so  the  production  of  a  lenticular  autostereoscopic 

image  without  a  constraint  imposed  by  the 
arrangement  illustrated  with  reference  to  Figure 
8.  In  the  latter  arrangement,  the  viewing  angle  IS 
of  the  autostereoscopic  image  is,  to  a  good 

55  approximation,  related  to  the  magnification  factor 
M  between  it  and  the  intermediate  record  by  the 
relationship 

M  tan  p=tan  a 
60 

where  a  is  the  viewing  angle  of  the  intermediate 
record.  This  relationship  is  clearly  illustrated  by 
reference  to  Figure  3.  It  can  be  seen  that  if  M>1, 
then  a  is  larger  than  p  and  is  defined  by  the 

65  magnification  factor.  As  described  below,  mag- 

between  film  64  and  aperture  65),  then  an  exact 
replica  would  be  produced.  By  using  cylindrical 
lenticular  film,  however,  this  could  be  viewed 
from  all  vertical  perspectives.  Superfine  emulsion 
could  be  used  "as  exposure  times  and  light  levels 
would  not  prove  an  obstacle  at  the  reproduction 
stage. 

To  obtain  an  enlarged  image  (again  2x  in  the 
example)  a  negative  lens  86  is  used  to  push  the 
point  at  which  the  image  of  record  64  is  formed 
further  away  from  aperture  85.  Lens  87,  placed 
near  film  84  and  weakly  convergent,  indepen- 
dently  pushes  the  virtual  image  of  aperture  85  out 
to  a  line  joining  points  C  and  D  and  achieving  a 
result  similar  to  that  described  previously  for  the 
horizontal  arm  of  the  arrangement. 

The  arrangement  as  described  with  reference  to 
Figure  8  may  also  be  used  to  project  and  view  an 
autostereoscopic  record  in  real  time.  In  order  to 
achieve  this  conveniently,  the  lenticular  screen  76 
is  replaced  by  two  components.  The  first  is  a 
condenser  lens  which  reimages  the  virtual  image 
of  aperture  65  as  seen  through  lens  74  onto  the 
observer's  viewing  position.  This  reduces  the 
highlight  problem.  This  lens  may  be  a  light  weight 
fresnel  component  of  the  type  used  in  assembly 
63.  The  second  important  component,  in  making 
a  real  autostereoscopic  image  which  can  be  read- 
ily  viewed,  is  an  anisotropic  diffusing  screen 
placed  in  close  proximity  to  the  condenser.  This 
must  diffuse  vertically  but  not  horizontally  to  any 
substantial  extent,  or  different  perspectives  in  the 
horizontal  plane  would  become  confused.  A  good 
example  of  such  a  component  is  a  cylindrical 
lenticular  screen  with  its  grooves  running  hori- 
zontally.  It  is  also  possible  to  make  a  component 
holographically  which  displays  such  behaviour. 

It  is  important  to  note  that  an  orthoscopic 
record,  when  viewed  along  the  horizontal  axis 
back  towards  aperture  65  through  the  arrange- 
ment  described  above,  will  appear  orthoscopic.  A 
pseudoscopic  record,  whilst  producing  an  orthos- 
copic  reproduction  at  lenticular  screen  76  when 
viewed  from  line  AB,  is  seen  as  pseudoscopic 
when  viewed  from  the  other  side  of  the  position 
of  screen  76.  A  more  complex  arrangement 
involving  two  lenticular  screens  and  a  diffusing 
screen  in  place  of  screen  76  can  be  used  to  make 
the  necessary  image  inversion.  An  alternative 
viewing  position  for  a  pseudoscopic  record  is 
below  screen  84  replacing  this  with  an  arrange- 
ment  as  described  above,  as  screen  83  introduces 
the  necessary  image  inversion. 

In  practice,  an  important  option  follows  from 
the  viewing  arrangement  as  described  above  for 
an  orthoscopic  record  (though  a  pseudoscopic 
record  may  also  be  used).  The  use  of  a  condenser 
and  vertical  diffusing  screen  in  the  place  of 
component  76  creates  a  real  orthoscopic  image  of 
the  original  subject  matter  as  recorded  on  the 
orthoscopic  record.  Unlike  the  original  object 
field,  it  is  possible  to  place  a  photographic  plate  in 
this  real  image  field.  Furthermore,  unlike  many 
real  object  fields,  the  orthoscopic  record  may 
relatively  easily  be  illuminated  by  a  coherent 
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in  the  opposite  direction.  The  different  perspec- 
tives  of  the  object  field  recorded  on  record  96  are 
thus  transferred  on  to  film  97,  thereby  producing 
an  autostereoscopic  image  picture  without  loss  of 

5  registration,  provided 

L-^MxL! 

As  illustrated,  the  viewing  angle  a  of  record  96 
w  is  equal  to  the  viewing  angle  8  of  the  screen  97.  If, 

however,  there  was  some  difference  between  the 
two  angles  this  could  be  accommodated  by  an 
appropriate  rotation  of  record  96  or  screen  97 
similar  to  that  illustrated  for  screen  90  in  Figure  9. 

15  In  this  embodiment,  the  aperture  98  remains 
fixed  relative  to  the  lens  95  and  the  movements  of 
intermediate  record  96  and  screen  97  take  place 
relative  to  the  aperture  lens.  Consequently,  in 
contrast  to  Figure  9,  the  apparatus  of  Figure  10 

20  does  not  invert  the  image,  and  an  orthoscopic 
autostereoscopic  image  is  produced  from  an 
orthoscopic  intermediate  record. 

It  will  be  clear  that  a  record  which  contains 
colour  separated  information  in  the  direction 

25  orthogonal  to  that  of  perspective  change  is 
accommodated  by  the  enlargement  arrange- 
ments  of  Figures  9  and  10,  by  extending  the 
aperture  in  that  direction  to  accommodate  the  full 
width  of  the  composite  record  and  introducing 

30  appropriate  colourfilters  in  the  aperture  spaced  in 
the  same  direction. 

In  summary,  embodiment  of  this  invention 
provide  a  number  of  advantages  over  the  prior 
art.  In  particular,  three  dimensional  pictures  dis- 

35  playing  significant  perspective  changes  in  one 
direction  only  can  be  taken  with  a  very  high 
degree  of  efficiency,  requiring,  for  a  given  F- 
number  of  the  taking  camera,  less  light  per  image 
for  a  given  emulsion  than  would  be  required  for  a 

40  conventional  wide  aperture  camera  employing 
cylindrical  lenticular  film  and  providing  a  similar 
number  of  distinct  perspectives. 

It  is  possible  to  produce  horizontally  auto- 
stereoscopic  pictures  with  a  degree  of  animation 

45  by  capturing  a  time  sequence  of  a  subject,  each 
recorded  element  corresponding  to  a  particular 
instant  being  reimaged  at  a  specific  vertical  posi- 
tion  of  the  observer  relative  to  the  normal  at  the 
centre  of  the  picture. 

so  By  rotating  the  axes  of  the  lens  array  (lenticular 
screen)  (as  shown  in  Figure  6C),  aberrations  may 
be  reduced  for  a  particular  viewing  angle  whilst, 
at  the  same  time,  reducing  lens  element  size  and 
thus  increasing  picture  resolution.  Large  viewing 

55  angles  may  also  be  used  whilst  retaining  a  high 
degree  of  perspective  resolution.  Both  picture  and 
perspective  resolution  may  be  increased  without 
decreasing  film  grain  size  accordingly.  This 
allows  high  quality  autostereoscopic  pictures  (or 

60  prints)  to  be  produced  as  well  as  providing  an 
enlargement  capability. 

Black  and  white  emulsion  may  be  used  to 
record  colour  images  and  the  intermediate  record 
may  conveniently  be  used  as  the  vehicle  for  a 

65  hologram  at  any  scale  factor  of  any  subject  which 

nification  may  be  achieved  without  this  constraint 
on  the  viewing  angle  of  the  resultant  autostereos- 
copic  picture. 

Figure  9  shows  one  apparatus  according  to  the 
invention  where  the  constraint  is  avoided.  An 
intermediate  record  88  is  enlarged  by  lens  89  onto 
a  lenticular  screen  and  film  combination  90.  A 
small  aperture  91  corresponds  in  length  and 
initial  position  to  a  portion  of  the  length  of  the 
aperture  used  in  recording  the  intermediate 
record  and  thus  selects  rays  from  only  a  fraction 
of  the  range  of  perspectives  recorded.  Aperture 
91  is  moved  uniformly  during  the  exposing  pro- 
cess  across  lens  89  parallel  to  the  direction  of 
perspective  change  of  the  array  of  images  on 
record  88,  and  through  a  distance  corresponding 
to  the  length  of  the  taking  aperture  which  sub- 
tends  an  angle  a,  the  viewing  angle,  at  record  88. 
Efficient  illumination  of  aperture  91  is  achieved  by 
imaging  a  compact  light  source  92  through  a 
condenser  arrangement  83.  The  source  92  is 
moved  in  synchronism  with  aperture  91  so  that  its 
image  tracks  the  latter. 

As  aperture  91  is  moved  to  point  94  it  sweeps 
out  an  angle  B  at  lenticular  screen  90.  It  is 
assumed  that  the  viewing  angle  of  screen  90  is  6 
which  is  greater  than  (3.  By  rotating  screen  90, 
about  an  axis  through  point  P  which  is  normal  to 
the  direction  of  perspective  change  of  the  auto- 
stereoscopic  image  being  recorded,  through  an 
angle  y  in  synchronism  with  the  movement  of 
aperture  91  through  angle  6  in  the  opposite 
direction  this  viewing  angle  is  such  that  the  space 
behind  the  lenticules  on  final  screen  90  is  filled 
completely  providing 

Y=e-p 

In  this  way,  any  viewing  angle  may  be  accommo- 
dated  by  suitable  selection  of  angle  v  regardless 
of  magnification  factor  between  a  record  88  and 
screen  90. 

The  embodiment  illustrated  in  Figure  9  utilises 
a  wide  lens  similar  to  that  used  in  the  enlarger 
illustrated  in  Figure  8.  It  will  be  appreciated  that  a 
pseudoscopic  intermediate  record  is  inverted  to 
an  orthoscopic  autostereoscopic  image  on  screen 
90.  Lens  89  remains  fixed  relative  to  the  inter- 
mediate  record  88,  whilst  the  aperture  moves 
relative  to  the  intermediate  record  and  screen  90. 

It  may,  alternatively,  be  convenient  to  enlarge 
an  intermediate  record  produced  by  recording 
apparatus  according  to  the  invention  with  an 
arrangement  using  a  conventional  enlarging  lens. 
This  is  illustrated  with  reference  to  Figure  10. 

Referring  to  Figure  10,  a  conventional  flat-field 
lens  95  with  a  small  aperture  98  forms  an  image 
of  intermediate  record  96  at  lenticular  screen  and 
film  combination  97.  Record  96  is  illuminated  in  a 
manner  (not  shown)  similar  to  the  arrangement  of 
Figure  9.  In  the  current  arrangement,  the  record 
96  is  moved  through  a  distance  L1,  in  the  direc- 
tion  parallel  to  the  direction  of  perspective  change 
of  the  images  on  the  intermediate  record,  screen 
97  is  simultaneously  moved  through  a  distance  L2 
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The  taking  camera  and  the  spherically  lenticu- 

lated  film  may  each  be  adapted  for  "rapid-access" 
or  fast  processing  using  principles  similar  to  that 
of  Polaroid  Auto  Process  Film  or  the  SX-70  pro- 

5  cess. 
Although  the  lens  elements  of  the  intermediate 

article  are  illustrated  to  be  portions  of  a  sphere, 
other  surfaces  involving  degrees  of  aspheric 
correction  and/or  astigmatism  may  be  used. 

io  Whilst  transmitting  lens  components  have  been 
illustrated  it  is  understood  that  convergent  reflect- 
ing  optics  is  frequently  a  practical  alternative. 

Figure  8  illustrates  a  number  of  imaging  com- 
ponents  in  relation  to  changes  of  scale  and 

15  viewing  position.  Other  arrangements  are  poss- 
ible  in  which  lens  components  are  placed 
between  record  64  and  aperture  65.  Furthermore, 
component  87  may  also  be  used  in  front  of  the 
image  formed  at  point  75. 

20  In  the  embodiments  described  elongate  aper- 
ture  means  have  typically  been  generally  rect- 
angular.  There  will  be  occasions,  however,  when 
the  long  dimension  of  elongate  means  may  be 
gently  curved,  for  example  to  compensate  for 

25  distortions  in  the  imaging  system.  Also,  in  certain 
embodiments  of  the  invention  the  width  of  the 
elongate  means  may  vary  along  its  length.  This 
can  be  useful  to  counteract  other  variations  in  the 
optical  efficiency  of  the  system.  A  further  vari- 

30  ation  of  the  elongate  aperture  means  has  its 
horizontal  edges  in  one  plane  and  its  vertical 
edges  in  a  different  plane  along  the  optical  path. 

Where  spatial  separation  of  colour  components 
takes  place,  the  colour  balance  may  be  varied  as 

35  desired  by,  for  example,  the  use  of  selected 
colour  filters. 

In  the  embodiment  of  Figure  7,  image  com- 
ponents  each  comprising  a  different  colour  com- 
ponent  of  a  recorded  image  are  displaced  in  a 

40  direction  orthogonal  to  the  direction  of  perspec- 
tive  change.  Although  in  this  example  the  colour 
splitting  component  produces  a  continuous  range 
of  components,  other  embodiments  can  provide 
colour  components  which  are  distinct  from  each 

45  other.  Whilst  colour  image  components  have 
been  illustrated  still  further  embodiments  can 
provide  components  which  represent  the  object 
field  at  different  instants  in  time  and  again  these 
may  be  formed  as  a  continuous  sequence  or  as  a 

so  series  of  discrete  exposures,  as  illustrated  with 
respect  to  Figure  5,  which  shows  two  such 
exposures.  In  Figure  5  the  aperture  itself  is  moved 
but  instead  the  array  could  be  moved  relative  to 
the  aperture.  Alternatively,  a  virtual  image  of  the 

55  aperture,  as  exists  in  the  embodiment  of  Figure  7, 
when  viewed  from  the  lens  array  in  a  direction 
fixed  with  respect  to  that  array  can  be  moved 
either  by  tipping  the  array  or  by  a  movement  of 
reflecting  means.  In  these  examples  where  rela- 

60  tive  movement  is  effected,  the  real  image  of  the 
aperture  formed  at  the  recording  means  is  moved 
relative  to  the  latter.  This  would  also  be  achieved 
by  moving  the  array  itself  relative  to  the  aperture 
and/or  the  recording  means. 

65  A  particular  embodiment  of  the  invention 

may  be  photographed  and  may  have  a  more 
faithful  representation  of  the  latter's  colour  bal- 
ance  than  can  be  achieved  using  conventional 
holographic  techniques. 

The  particular  arrangements  as  illustrated  with 
reference  to  Figures  5  and  10  represent  only  some 
of  a  wide  variety  of  embodiments  of  the  present 
invention.  For  instance,  whilst  Figure  7  represents 
a  camera  which  produces  an  orthoscopic  record 
in  which  the  different  colour  components  have 
been  physically  separated,  it  would  be  equally 
possible  to  produce  a  pseudoscopic  image  as  the 
intermediate  stereoscopic  record.  In  the  first  case 
the  vertical  axis  of  the  apparatus  illustrated  with 
reference  to  Figure  8  would  be  used  to  produce  an 
orthoscopic  lenticular  autostereoscopic  picture.  In 
the  pseudoscopic  case,  the  horizontal  axis  would 
be  used. 

In  the  embodiments  illustrated  the  photo- 
sensitive  surface  of  intermediate  record  and  auto- 
stereoscopic  picture  have  been  shown  to  be  flat. 
Embodiments  in  which  the  lenticulated  screens 
and  associated  image  bearing  surfaces  are  curved 
are  also  possible.  The  apertures  illustrated  have 
been  single  slits  and  in  the  taking  camera,  rays 
from  the  object  field,  which  would  normally  con- 
tain  a  three  dimensional  subject,  are  admitted, 
either  simultaneously  or  over  a  short  interval  for 
any  given  object  field.  The  method  and  apparatus 
of  the  invention  can  also  be  utilised  in  conjunction 
with  components  of,  or  associated  with,  a  com- 
puter  or  other  electronic  device.  By  sequentially 
opening  different  elements  of  the  aperture  slit  or 
moving  a  small  aperture  through  the  necessary 
distance,  two  dimensional  information  corre- 
sponding  to  various  particular  perspective  views 
of  a  subject  may  be  combined  to  form  a  com- 
posite  stereoscopic  record  for  subsequent  pro- 
duction  of  an  autostereoscopic  picture.  The  two 
dimensional  perspectives  may  be  generated  on  a 
CRT  or  other  electronic  display  device  in  the 
object  field. 

If  the  same  principle  is  applied  in  apparatus 
which  projects  the  record  for  viewing  or  repro- 
duction,  a  particular  perspective  may  be  isolated 
and  captured  electronically  on  the  face  of  an 
imaging  device  such  as  a  Vidicon.  In  fact,  in  such 
an  application  the  different  "perspectives"  need 
not  be  genuine  perspectives  of  an  object  field  but 
may  represent  any  form  of  visual  two  dimen- 
sional  record. 

Embodiments  of  the  invention  such  as  that 
described  with  reference  to  Figure  7  provide  an 
article  which  forms  an  intermediate  record  in 
producing  an  autostereoscopic  picture.  This 
would  normally  be  in  the  form  of  a  transparent 
film  one  side  of  which  is  spherically  lenticulated 
and  the  other  which  carries  black  and  white  or 
colour  photographic  emulsion.  It  is  clear  that  the 
lens  elements  of  the  film  may  be  composite  being 
formed  by  two  cylindrical  lenticules  placed  ortho- 
gonally  and  in  close  proximity.  Furthermore,  the 
image  bearing  surface  need  not  be  part  of  the 
same  sheet  and  may  involve  a  variety  of  photo- 
sensitive  media  or  compounds. 
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each  of  said  lens  elements  (34)  in  said  orthogonal 
direction. 

2.  A  recording  apparatus  as  claimed  in  Claim  1, 
wherein  the  means  for  forming  a  plurality  of 
images  comprises  means  which  effect  relative 
movement  between  said  aperture  means  (35)  and 
said  array  of  lens  elements,  the  said  images  being 
formed  at  respective  different  instants  in  time. 

3.  A  recording  apparatus  as  claimed  in  Claim  1, 
wherein  the  means  for  forming  a  plurality  of 
images  comprises  colour  filters  arranged  in  said 
elongate  aperture  (35)  which  divide  said  aperture 
in  a  direction  perpendicular  to  its  length. 

4.  A  recording  apparatus  as  claimed  in  Claim  1, 
wherein  the  means  for  forming  a  plurality  of 
images  comprises  a  second  elongate  aperture 
(43,  Figure  7)  arranged  beside  said  first  elongate 
aperture  (47),  collimating  means  (45)  arranged 
near  said  apertures,  colour  splitting  means  (46) 
positioned  near  the  focal  plane  of  said  collimating 
means  (45),  said  splitting  means  (46)  in  combina- 
tion  with  said  collimating  means  (45)  said  optical 
means  (49)  and  said  lens  elements  (59)  forming  a 
plurality  of  colour  separated  images  of  the  object 
field  on  said  recording  means. 

5.  A  recording  apparatus  for  producing  a  record 
of  an  object  field  in  which  substantially  perspec- 
tive  change  in  one  direction  only  is  recorded, 
comprising  optical  means  (10;  49)  for  forming  an 
image  of  the  object  field  in  an  image  field, 
elongate  aperture  means  (35;  47)  associated  with 
said  optical  means,  a  two  dimensional  array  of 
lens  elements  (34)  disposed  in  said  image  field 
and  recording  means  associated  with  said  lens 
elements,  characterised  by  each  lens  element  (34) 
having  a  spheroidal  surface  portion  or  optically 
equivalent  means  for  forming  a  real  image  (36; 
40)  of  said  elongate  aperture  means  on  said 
recording  means,  said  image  comprising  a  range 
of  perspectives  of  the  object  field  along  its  elon- 
gate  dimension  and  a  substantially  smaller  range 
of  perspectives  in  a  direction  orthogonal  to  said 
elongate  dimension,  the  co-ordinate  axes  of  the 
array  of  lens  elements  (Figures  6A,  B  and  C)  being 
so  oriented  out  of  alignment  with  the  direction  of 
the  elongate  dimension  of  the  image  of  the 
aperture,  and  the  relative  dimensions  of  said 
aperture  (35)  and  the  dimensions  (a,  b,  t)  of  said 
elements  (34)  being  so  selected  that  the  length  (I) 
of  each  image  substantially  exceeds  the  width  (a, 
b)  of  its  corresponding  lens  element  without 
overlapping  the  images  formed  by  the  neighbour- 
ing  lens  elements. 

6.  Apparatus  as  claimed  in  any  preceding  claim, 
wherein  the  elongate  aperture  means  has  an 
aspect  ratio  which  exceeds  10  to  1. 

7.  Apparatus  as  claimed  in  any  preceding  claim, 
wherein  said  recording  means  comprises  a 
photographic  recording  medium. 

8.  Apparatus  as  claimed  in  Claim  7,  wherein 
said  recording  medium  is  black  and  white  photo- 
graphic  emulsion. 

9.  Apparatus  as  claimed  in  Claim  5,  wherein  the 
lens  elements  and  the  recording  means  are  so 
constructed  and  arranged  that  for  a  recorded 

involves  a  modification  of  the  spherically  lenticu- 
lated  film,  and  a  specially  adapted  taking  camera 
and  reproduction  system.  The  lenticulated  sur- 
face  is  positioned  much  closer  to  the  emulsion 
bearing  surface  than  would  normally  follow  from  5 
the  requirement  that  the  latter  be  near  the  focal 
plane  of  the  lens  elements  (lenticules).  The 
necessary  optical  path  length  between  the  two 
surfaces  is  achieved  by  allowing  light  focused  by 
each  lens  element  to  pass  through  the  emulsion  10 
bearing  surface  between  gaps  in  the  emulsion, 
and  subsequently,  to  be  reflected  at  a  precise 
distance  away,  back  towards  the  emulsion.  The 
latter  is  protected  from  exposure  at  the  first  pass 
of  light  through  the  structure  by  an  absorbing  or  15 
reflecting  layer  between  it  and  the  transparent 
lenticulated  material.  The  emulsion  is  laid  down 
in  a  striped  pattern,  the  position  of  each  strip 
corresponding  to  the  image  of  the  taking  aperture 
formed  by  each  lens  element  following  reflection  20 
by  a  surface  positioned  at  a  known  distance 
behind  the  film.  Both  the  taking  camera  and  the 
reproduction  system  accept  the  film  in  intimate 
contact  with  a  transparent  sheet  of  glass  or  other 
transparent  hard  wearing  material,  the  rear  sur-  25 
face  of  which  is  reflecting. 

The  efficiency  of  such  a  system  depends  on  the 
fraction  of  the  emulsion  bearing  surface  which  is 
left  transparent.  This  in  turn  depends  on  the 
aspect  ratio  of  the  taking  aperture  and  the  extent  30 
in  which  the  facility  of  extending  the  record  length 
when  compared  to  lenticule  width  has  been  util- 
ised.  If  a  configuration  of  lenticules  and  aperture 
length  corresponding  to  the  arrangement  of  Fig- 
ure  6  is  used,  but  with  an  aspect  ratio  of  20:1  35 
rather  than  a  possible  10:1  for  the  taking  aperture, 
then  50%  of  the  emulsion  bearing  surface  would 
receive  a  focussed  image  and  therefore  a  50% 
coverage  of  the  surface  by  emulsion  would 
suffice.  The  major  advantage  of  such  an  arrange-  40 
ment  is  the  reduction  in  the  necessary  thickness 
of  the  lenticulated  film  and  its  attendant  ease  of 
handling  and  lower  material  cost. 

Claims  45 

1.  Recording  apparatus  for  producing  a  record 
of  an  object  field  in  which  substantially  perspec- 
tive  change  in  one  direction  only  is  recorded, 
comprising  optical  means  (10)  for  forming  an  so 
image  of  the  object  field  in  an  image  field, 
elongate  aperture  means  (35)  associated  with 
said  optical  means  a  two  dimensional  array  of 
lens  elements  (34)  disposed  in  said  image  field 
and  recording  means  associated  with  said  lens  55 
elements,  characterized  by  each  lens  element  (34) 
having  a  spheroidal  surface  portion  or  optically 
equivalent  means  for  forming  a  real  image  (36)  of 
said  elongate  aperture  means  on  said  recording 
means,  said  image  comprising  a  range  of  per-  60 
spectives  of  the  object  field  along  its  elongate 
dimension  and  a  substantially  smaller  range  of 
perspectives  in  a  direction  orthogonal  to  said 
elongate  dimension,  and  that  means  are  provided 
for  forming  a  plurality  of  images  (36  and  36A)  by  65 

14 
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arranged  in  rows  and  columns  and  extending  in 
two  dimensions  which  rows  and  columns  define 
two  co-ordinate  axes  (A,  B),  each  iens  element 
having  a  spheroidal  surface  portion  or  optically 

5  equivalent  means  for  forming  a  real  image  and 
photo-sensitive  recording  means  at  the  focal  plane 
of  said  lens  elements,  characterized  in  that  the 
recording  material  has  at  least  one  straight  pre-cut 
edge  (X;  Y)  a  normal  to  which  is  oriented  out  of 

w  alignment  with  both  said  co-ordinate  axes. 
17.  A  material  as  claimed  in  Claim  1  6,  wherein  all 

edges  (X,  Y)  are  out  of  alignment  with  said  co- 
ordinate  axes  (A,  B) 

18.  Reproduction  apparatus  for  the  production 
15  of  an  autostereoscopic  image  of  an  object  field 

from  a  record  (64;  88;  96)  of  said  object  field 
according  to  Claim  12,  said  apparatus  comprising 
means  for  mounting  said  record,  a  light  source 
(61;  92)  arranged  to  provide  substantially  uniform 

20  illumination  of  at  least  a  portion  of  said  record, 
elongate  selection  aperture  means  (65;  91/94) 
arranged  to  transmit  only  rays  from  said  light 
source  each  of  which  has  traversed  a  recorded 
image  (70)  and  its  associated  lens  element  (69), 

25  and  imaging  means  (74;  82,  86,  87;  89;  95) 
arranged  to  form  an  autostereoscopic  image  from 
said  transmitted  rays  in  which  perspective  change 
substantially  in  one  direction  only  is  reproduced. 

19.  Apparatus  as  claimed  in  Claim  18,  wherein 
30  the  elongate  selection  aperture  means  (65)  is  such 

that  rays  forming  all  perspectives  of  the  auto- 
stereoscopic  image  are  transmitted  simul- 
taneously. 

20.  Apparatus  as  claimed  in  Claim  18,  wherein 
35  the  elongate  selection  aperture  means  (91/94) 

comprises  an  aperture  (91  ;  98)  which  transmits,  at 
a  given  instant,  rays,  forming  only  a  portion  of  the 
range  of  perspectives  of  the  autostereoscopic 
image  and  means  for  effecting  relative  movement 

40  between  said  aperture  and  said  rays  whereby  all 
rays  from  which  the  autostereoscopic  image  is 
formed  are  transmitted  over  a  time  interval. 

21.  Apparatus  as  claimed  in  Claim  20,  wherein 
said  imaging  means  (95)  and  said  aperture  (98)  are 

45  fixed  relative  one  to  the  other. 
22.  Apparatus  as  claimed  in  Claim  20  or  Claim 

21,  including  means  for  mounting  final  recording 
means  for  recording  said  autostereoscopic  image, 
said  means  for  mounting  final  recording  means 

so  and/or  said  means  for  mounting  said  record  (88; 
96)  being  rotatable  (Figure  9,  y)  during  said  time 
interval  relative  to  said  rays  about  an  axis  or  axes 
normal  to  the  direction  of  perspective  change. 

23.  Apparatus  as  claimed  in  any  one  of  Claims  18 
55  to  22,  wherein  said  light  source  (92)  is  a  movable 

compact  source. 
24.  Apparatus  as  claimed  in  any  one  of  Claims  1  8 

to  23  wherein  the  images  on  said  record  (64;  88; 
96)  comprise  colour  components  displaced  rela- 

60  tive  to  one  another  in  a  direction  normal  to  the 
direction  of  perspective  change,  said  apparatus 
including  means  (71)  for  recombining  said  colour 
components  to  form  said  autostereoscopic  image. 

25.  Apparatus  as  claimed  in  any  one  of  Claims  18 
65  to  24,  wherein  said  imaging  means  is  adapted  (86; 

image  the  viewing  angle  through  each  lens  in  the 
direction  of  substantial  perspective  change  is  at 
least  25  degrees. 

10.  Apparatus  as  claimed  in  Claim  5  or  Claim  9, 
wherein  the  lens  elements  and  the  recording 
means  are  so  constructed  and  arranged  that  for  a 
recorded  image,  the  Figure  of  Merit  is  greater  than 
8,  the  Figure  of  Merit  being  given  by  the  express- 
ion 

2(|i-D 

where  a  is  the  viewing  angle  in  radians  in  the 
direction  of  perspective  change  through  a  lens 
element,  N  is  the  number  of  distinct  perspectives 
in  said  direction  in  a  recorded  image  associated 
with  said  lens  element,  and  u.  is  said  element's 
effective  refractive  index. 

11.  Apparatus  as  claimed  in  Claim  10,  wherein 
the  Figure  of  Merit  is  greater  than  14. 

12.  A  record  of  an  object  field  in  which  sub- 
stantially  perspective  change  in  one  direction  only 
is  recorded,  comprising  a  two  dimensional  array  of 
lens  elements  (34)  each  lens  element  having  a 
spheroidal  surface  portion  or  optically  equivalent 
means  having  a  focal  plane  at  an  image  bearing 
surface  (41)  and  an  image  (36)  on  said  surface 
associated  with  each  lens  element,  characterized 
by  each  image  being  elongate  and  comprising  a 
range  of  perspectives  of  the  object  field  along  said 
elongate  dimension  and  a  substantially  smaller 
range  of  perspectives  in  an  orthogonal  direction. 

13.  A  record  as  claimed  in  Claim  1  2,  wherein  the 
co-ordinate  axes  of  said  array  of  lens  elements 
(Figure  6A,  B  and  C)  are  so  oriented  out  of 
alignment  with  the  direction  of  each  elongate 
image  that  the  length  (I)  of  each  image  sub- 
stantially  exceeds  the  width  (a,  b)  of  its  corre- 
sponding  lens  element  whilst  the  height  (h)  of  said 
image  is  such  that  the  images  corresponding  to 
adjacent  lens  elements  do  not  overlap  on  said 
image  bearing  surface. 

14.  A  record  as  claimed  in  Claim  13,  wherein  the 
lens  elements  and  corresponding  images  are  so 
constructed  and  arranged  that  the  record's  Figure 
of  Merit  is  greater  than  8,  the  Figure  of  Merit  being 
given  by  the  expression 

N 
2(u-1) 

where  a  is  the  viewing  angle  in  radians  in  the 
direction  of  perspective  change  through  a  lens 
element,  N  is  the  number  of  distinct  perspectives 
in  said  direction  in  a  recorded  image  associated 
with  said  lens  element,  and  u  is  said  element's 
effective  refractive  index. 

1  5.  A  record  as  claimed  in  Claim  14,  wherein  the 
Figure  of  Merit  is  greater  than  14. 

16.  A  composite  recording  material  for  use  in 
apparatus  according  to  Claim  5,  the  material 
comprising  an  array  of  lens  elements  (Figure  6C) 
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Aufnahme  eines  Objektfeldes,  worin  fm  wesent- 
lichen  die  perspektivische  Anderung  in  nur  einer 
Richtung  aufgezeichnet  ist,  mit  einer  optischen 
Einrichtung  (10)  zum  Bilden  eines  Bildes  des 
Objektfeldes  in  einem  Bildfeid,  einer  langlichen 
Apertureinrichtung  (35),  die  der  optischen  Ein- 
richtung  zugeordnet  ist,  einer  zweidimensionalen 
Anordnung  von  Linseneiementen  (34),  die  im 
Bildfeid  angeordnet  sind,  und  einer  Aufnahme- 
einrichtung,  die  den  Linseneiementen  zugeordnet 
ist,  dadurch  gekennzeichnet,  daft  jedes  Linsenele- 
ment  (34)  einen  kugeligen  Oberflachenabschnitt 
oder  eine  optisch  aquivalente  Einrichtung  auf- 
weist,  urn  ein  reelles  Bild  (36)  der  langlichen 
Apertureinrichtung  auf  der  Aufnahmeeinrichtung 
zu  bilden,  daft  das  Bild  einen  Bereich  von  Per- 
spektivansichten  des  Objektfeldes  langs  seiner 
Langsabmessung  und  einen  wesentlichen  kleine- 
ren  Bereich  von  Perspektivansichten  in  einer  Rich- 
tung  senkrecht  zur  Langsabmessung  aufweist, 
und  daft  eine  Einrichtung  vorgesehen  ist,  um  eine 
Anzahl  von  Bilder  (36  und  36A)  durch  jedes  der 
Linsenelemente  (34)  in  der  senkrechten  Richtung 
zu  bilden. 

2.  Aufnahmeeinrichtung  nach  Anspruch  1, 
wobei  die  Einrichtung  zum  Bilden  einer  Anzahl 
von  Bildern  eine  Einrichtung  aufweist,  die  eine 
Relativbewegung  zwischen  der  Apertureinrich- 
tung  (35)  und  der  Anordnung  von  Linseneiemen- 
ten  bewirkt,  wobei  die  Bilder  zu  jeweils  unter- 
schiedlichen  Zeitpunkten  gebildet  werden. 

3.  Aufnahmeeinrichtung  nach  Anspruch  1, 
wobei  die  Einrichtung  zum  Bilden  einer  Anzahl 
von  Bildern  Farbfilter  aufweist,  die  in  der  langli- 
chen  Apertur  (35)  angeordnet  sind  und  die  Aper- 
tur  in  einer  Richtung  senkrecht  zu  deren  Lange 
unterteilen. 

4.  Aufnahmeeinrichtung  nach  Anspruch  1, 
wobei  die  Einrichtung  zur  Bildung  einer  Anzahl 
von  Bildern  eine  zweite  langliche  Apertur  (43,  Fig. 
7)  aufweist,  die  neben  der  ersten  langlichen  Aper- 
tur  (47)  angeordnet  ist,  eine  Ausrichteinrichtung 
(45),  die  nahe  den  Aperturen  angeordnet  ist,  und 
eine  Farb-Zerlegeeinrichtung  (46),  die  nahe  der 
Brennebene  der  Ausrichteinrichtung  (45)  ange- 
ordnet  ist,  wobei  die  Zerlegeeinrichtung  (46)  in 
Zusammenwirkung  mit  der  Ausrichteinrichtung 
(45),  der  optischen  Einrichtung  (49)  und  den 
Linseneiementen  (59)  eine  Anzahl  farblich 
getrennter  Bilder  des  Objektfeldes  auf  der  Auf- 
nahmeeinrichtung  bildet. 

5.  Aufnahmeeinrichtung  zum  Erzeugen  einer 
Aufnahme  eines  Objektfeldes,  in  welchem  die  im 
wesentlichen  perspektivische  Anderung  in  nur 
einer  Richtung  aufgezeichnet  wird,  mit  einer  opti- 
schen  Einrichtung  (10;  49)  zur  Bildung  eines 
Bildes  des  Objektfeldes  in  einem  Bildfeid,  einer 
langlichen  Apertureinrichtung  (35;  47),  die  der 
optischen  Einrichtung  zugeordnet  ist,  einer  zwei- 
dimensionalen  Anordnung  von  Linseneiementen 
(34),  die  im  Bildfeid  angeordnet  sind,  und  einer 
Aufzeichnungseinrichtung,  die  den  Linseneie- 
menten  zugeordnet  ist,  dadurch  gekennzeichnet, 
daft  jedes  Linsenelement  (34)  einen  kugeligen 
Oberflachenabschnitt  oder  eine  optisch  aquiva- 

87;  89;  95)  for  varying  the  scale  of  the  auto- 
stereoscopic  image. 

26.  Apparatus  as  claimed  in  any  one  of  Claims 
18  to  25,  which  is  adapted  for  direct  viewing  of  the 
autostereoscopic  image.  5 

27.  Apparatus  as  claimed  in  any  one  of  Claims 
18  to  25,  including  final  recording  means  (76;  84; 
90;  97)  for  recording  said  autostereoscopic 
image. 

28.  Apparatus  as  claimed  in  Claim  26  or  Claim  10 
27,  including  a  diffusing  screen  close  to  the 
autostereoscopic  image  which  diffuses  preferen- 
tially  in  the  direction  normal  to  the  direction  of 
perspective  change. 

29.  Apparatus  as  claimed  in  Claim  27  or  Claim  is 
28,  wherein  said  light  source  is  coherent  and  said 
final  recording  means  comprises  a  photo-sensi- 
tive  medium  and  a  coherent  reference  beam. 

30.  Apparatus  as  claimed  in  Claim  27,  wherein 
said  final  recording  means  (90;  97)  comprises  20 
cylindrical  lens  elements  with  the  longitudinal 
axes  of  the  elements  transverse  to  the  direction  of 
perspective  change  of  the  autostereoscopic 
image  and  a  photo-sensitive  surface  on  the  side 
of  the  elements  remote  from  the  elongate  selec-  25 
tion  aperture  means  and  imaging  means. 

31.  An  autostereoscopic  picture  produced  by 
apparatus  according  to  any  one  of  Claims  18  to 
30. 

32.  An  autostereoscopic  picture  as  claimed  in  30 
Claim  31,  comprising  a  cylindrical  lenticular 
screen  and  an  image  bearing  surface. 

33.  An  autostereoscopic  picture  as  claimed  in 
Claim  31,  comprising  a  hologram. 

34.  An  autostereoscopic  picture  as  claimed  in  35 
Claim  33,  wherein  the  hologram  is  an  image  plane 
hologram. 

35.  A  method  for  producing  a  record  of  an 
object  field  in  which  substantially  perspective 
change  in  one  direction  only  is  recorded,  the  40 
method  comprising  providing  optical  means  for 
forming  an  image  of  an  object  field  in  an  image 
field,  positioning  elongate  aperture  means  to 
operate  in  conjunction  with  said  optical  means 
and  providing  a  composite  recording  material  45 
comprising  an  array  of  lens  elements  and  a 
photosensitive  medium  in  the  image  field,  charac- 
terized  by  the  array  being  two  dimensional  and 
each  lens  element  having  a  spheroidal  surface 
portion  or  optically  equivalent  means  and  each  50 
lens  element  forming  a  real  image  of  said  elon- 
gate  aperture  on  said  medium. 

36.  A  method  as  claimed  in  Claim  35,  including 
rotating  the  coordinate  axes  of  the  array  of  lens 
elements  out  of  alignment  with  the  elongate  55 
dimension  of  each  image  and  selecting  the 
dimensions  of  the  elongate  aperture  relative  to  its 
distance  from  the  array  so  that  each  image  has  a 
length  which  substantially  exceeds  the  width  of 
its  corresponding  lens  element  without  overlap-  60 
ping  images  formed  by  adjacent  lens  elements. 

Patentanspriiche 

1.  Aufnahmeeinrichtung  zum  Erzeugen  einer  65 
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jedem  Linsenelement  zugeordnet,  dadurch 
gekennzeichnet,  daB  jedes  Bild  langlich  ist  und 
einen  Bereich  von  Perspektivansichten  des 
Objektfeldes  langs  seiner  Langsabmessung  sowie 
einen  wesentlich  kleineren  Bereich  von  Perspek- 
tivabbildungen  in  einersenkrechten  Richtung  auf- 
weist. 

13.  Aufnahme  nach  Anspruch  12,  wobei  die 
Koordinatenachsen  der  Anordnung  von  Linsene- 
lementen  (Figur  6A,  B  und  C)  so  auBer  Ausrich- 
tung  auf  die  Richtung  eines  jeden  langlichen 
Bildes  orientiert  sind,  daB  die  Lange  (I)  eines 
jeden  Bildes  wesentlich  die  Breite  (a,  b)  seines 
entsprechenden  Linsenelementes  uberschreitet, 
wahrend  die  Hohe  (h)  des  Bildes  so  gewahlt  ist, 
daB  die  Bilder,  die  benachbarten  Linsenelemen- 
ten  entsprechen,  einander  auf  der  bildtragenden 
Flache  nicht  uberlappen. 

14.  Aufnahme  nach  Anspruch  13,  wobei  die 
Linsenelemente  und  die  entsprechenden  Bilder 
so  aufgebaut  und  angeordnet  sind,  daB  die  Zahl 
der  Ubertragungsgute  groBer  als  8  ist,  wobei  das 
die  Zahl  der  Ubertragungsgute  durch  den  folgen- 
den  Ausdruck  gegeben  ist: 

lente  Einrichtung  zur  Bildung  eines  reellen  Bildes 
(36;  40)  der  langlichen  Apertureinrichtung  auf  der 
Aufnahmeeinrichtung  aufweist,  daB  das  Bild 
einen  Bereich  von  Perspektivansichten  des 
Objektfeldes  langs  seiner  Langsrichtung  und 
einen  wesentlich  kleineren  Bereich  von  Perspek- 
tivansichten  in  einer  Richtung  senkrecht  zur 
genannten  Langsrichtung  aufweist,  daB  die  Koor- 
dinatenachsen  der  Anordnung  der  Linsenele- 
mente  (Fig.  6A,  B  und  C)  so  auBer  Ausrichtung  auf 
die  Richtung  der  Langsabmessung  der  Bilder  der 
Apertur  orientiert  sind,  und  daB  die  Relativab- 
messungen  der  Apertur  (35)  und  die  Abmessun- 
gen  (a,  b,  t)  der  Elemente  (34)  so  gewahlt  sind, 
dalS  die  Lange  (I)  eines  jeden  Bildes  wesentlich 
die  Breite  (a,  b)  seines  entsprechenden  Linsenele- 
mentes  uberschreitet,  ohne  jene  Bilder  zu  uber- 
lappen,  die  von  den  benachbarten  Linsenelemen- 
ten  gebildet  werden. 

6.  Einrichtung  nach  jedem  der  vorangehenden 
Anspruche,  wobei  die  langliche  Apertureinrich- 
tung  ein  Streckungsverhaltnis  aufweist,  das  10:1 
uberschreitet. 

7.  Einrichtung  nach  jedem  der  vorangehenden 
Anspruche,  wobei  die  Aufnahmeeinrichtung  ein 
photographisches  Aufnahmemedium  aufweist. 

8.  Einrichtung  nach  Anspruch  7,  wobei  das 
Aufnahmemedium  eine  photographische 
Schwarz-WeiB-Emulsion  ist. 

9.  Einrichtung  nach  Anspruch  5,  wobei  die 
Linsenelemente  und  die  Aufnahmeeinrichtung  so 
aufgebaut  und  angeordnet  sind,  daB  fur  ein  auf- 
genommenes  Bild  der  Blickwinkel  durcfc  jede 
Linse  in  Richtung  der  wesentlichen  perspektivi- 
schen  Anderung  mindestens  25°  betragt. 

10.  Einrichtung  nach  Anspruch  5  oder  Anspruch 
9,  wobei  die  Linsenelemente  und  die  Aufnahme- 
einrichtung  so  aufgebaut  und  angeordnet  sind, 
daB  fur  ein  aufgenommenes  Bild  die  Zahl  der 
Ubertragungsgute  groBer  ist  als  8,  wobei  die  Zahl 
der  Ubertragungsgute  durch  den  folgenden  Aus- 
druck  gegeben  ist; 

10 

15 

20 

25 2,2 
N 

wobei  a  der  Blickwinkel  in  Radianten  in  Richtung 
der  perspektivischen  Anderung  durch  ein  Linse- 
nelement  ist,  N  die  Anzahl  unterschiedlicher  Per- 
spektivansichten  in  der  genannten  Richtung  in 
einem  aufgezeichneten  Bild  ist,  das  dem  Linsene- 
lement  zugeordnet  ist,  und  |i  der  wirksame  Bre- 
chungsindex  des  Elementes  ist. 

15.  Aufnahme  nach  Anspruch  14,  wobei  die 
Zahl  der  Ubertragungsgute  groGer  ist  als  14. 

16.  Verbund-Aufnahmematerial  zur  Verwen- 
dung  in  einer  Einrichtung  nach  Anspruch  5,  wobei 
das  Material  eine  Anordnung  von  Linsenelemen- 
ten  (Fig.  6C)  aufweist,  die  in  Reihen  und  Kolonnen 
angeordnet  sind  und  sich  in  zwei  Dimensionen 
erstrecken,  wobei  die  Reihen  und  Kolonnen  zwei 
Koordinatenachsen  (A,  B)  bilden,  jedes  Linsenele- 
ment  einen  kugeligen  Oberflachenabschnitt  oder 
eine  optisch  aquivalente  Einrichtung  aufweist,  um 
ein  reelles  Bild  zu  bilden,  sowie  eine  photosensi- 
tive  Aufnahmeeinrichtung  in  der  Brennebene  der 
Linsenelemente,  dadurch  gekennzeichnet,  daB 
das  Aufnahmematerial  mindestens  eine  gerade, 
vorgeschnittene  Kante  (X,  Y)  aufweist,  wobei  eine 
Normale  zu  dieser  auBer  Ausrichtung  auf  die 
beiden  Koordinatenachsen  orientiert  ist. 

17.  Material  nach  Anspruch  16,  wobei  alle 
Kanten  (X,  Y)  auBer  Ausrichtung  auf  die  Koordi- 
natenachsen  (A,  B)  stehen. 

18.  Reproduktionseinrichtung  fur  die  Erzeu- 
gung  eines  autostereoskopischen  Bildes  eines 
Objektfeldes  aus  einer  Aufnahme  (64;  88;  96)  des 
Objektfeldes  nach  Anspruch  12,  wobei  die  Ein- 
richtung  eine  Einrichtung  zur  Anbringung  der 
Aufnahme,  eine  Lichtquelle  (61;  92),  die  so  ange- 
ordnet  ist,  daB  sie  im  wesentlichen  gleichformige 
Beieuchtung  mindestens  eines  Abschnitts  der 
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wobei  a  der  Blickwinkel  in  Radianten  in  Richtung 
der  perspektivischen  Anderung  durch  ein  Linse- 
nelement  ist,  N  die  Zahl  unterschiedlicher  Per- 
spektivansichten  in  der  genannten  Richtung  in 
einem  aufgenommenen  Bild  ist,  das  dem  Linse- 
nelement  zugeordnet  ist  und  u  der  effektive  Bre- 
chungsindex  des  Elements  ist. 

11.  Einrichtung  nach  Anspruch  10,  wobei  die 
Zahl  der  Ubertragungsgute  groBer  ist  als  14. 

12.  Aufnahme  eines  Objektfeldes,  worin  die 
wesentliche  perspektivische  Anderung  in  nur 
einer  Richtung  aufgenommen  ist,  mit  einer  zwei- 
dimensionalen  Anordnung  von  Linsenelementen 
(34),  wobei  jedes  Linsenelement  einen  kugeligen 
Oberflachenabschnitt  oder  eine  optisch  aquiva- 
lente  Einrichtung  mit  einer  Brennebene  an  einer 
bildtragenden  Flache  (41)  aufweist,  und  einem 
Bild  (36)  an  der  genannten  Flache,  und  zwar 

50 

55 

60 

65 

17 



EP  0 1 8 8   424  B1 34 33 
einer  Streuscheibe  nahe  dem  autostereoskopi- 
schen  Bild,  die  bevorzugt  in  der  Richtung  senk- 
recht  zur  Richtung  der  perspektivischen  Ande- 
rung  streut. 

29.  Einrichtung  nach  Anspruch  27  oder 
Anspruch  28,  wobei  die  Lichtquelle  koharent  ist 
und  die  Endaufnahmeeinrichtung  ein  photosensi- 
tives  Medium  sowie  einen  koharenten  Bezugs- 
strahl  aufweist. 

30.  Einrichtung  nach  Anspruch  27,  wobei  die 
Endaufnahmeeinrichtung  (90;  97)  zylindrische 
Linsenelemente  aufweist,  wobei  die  Langsachsen 
der  Elemente  quer  zur  Richtung  der  perspektivi- 
schen  Anderung  des  autostereoskopischen  Bildes 
verlaufen,  sowie  eine  photosensitive  Oberflache 
auf  jener  Seite  der  Elemente,  die  von  der  langli- 
chen  Wahl-Apertureinrichtung  und  der  Abbil- 
dungseinrichtung  abgewandt  ist. 

31.  Autostereoskopisches  Bild,  erzeugt  durch 
eine  Einrichtung  nach  jedem  der  Anspruche  18 
bis  30. 

32.  Autostereoskopisches  Bild  nach  Anspruch 
31,  mit  einer  zylindrischen  Linsenrasterscheibe 
und  einer  bildtragenden  Flache. 

33.  Autostereoskopisches  Bild  nach  Anspruch 
31,  mit  einem  Hologramm. 

34.  Autostereoskopisches  Bild  nach  Anspruch 
33,  wobei  das  Hologramm  ein  Bildebenenholo- 
gramm  ist. 

35.  Verfahren  zum  Erzeugen  einer  Aufnahme 
eines  Objektfeldes,  worin  die  wesentliche  per- 
spektivische  Anderung  in  nur  einer  Richtung  auf- 
genommen  wird,  wobei  das  Verfahren  das  Vorse- 
hen  einer  optischen  Einrichtung  zur  Bildung  eines 
Bildes  eines  Objektfeldes  in  einem  Bildfeld,  das 
Positionieren  einer  langlichen  Apertureinrichtung 
zur  Wirkung  in  Zusammenhang  mit  der  optischen 
Einrichtung  und  die  Anordnung  eines  Verbund- 
Aufnahmematerials  aufweist,  das  eine  Anord- 
nung  das  Linsenelementen  sowie  ein  photosensi- 
tives  Medium  im  Bildfeld  aufweist,  dadurch 
gekennzeichnet,  daft  die  Anordnung  zweidimen- 
sional  ist,  jedes  Linsenelement  einen  kugeligen 
Oberflachenabschnitt  oder  eine  optische  aquiva- 
lente  Einrichtung  aufweist  und  jedes  Linsenele- 
ment  ein  reelles  Bild  der  langliches  Apertur  auf 
dem  Medium  bildet. 

36.  Verfahren  nach  Anspruch  35,  mit  der  Dre- 
hung  der  Koordinatenachsen  der  Anordnung  der 
Linsenelemente  aulSer  Ausrichtung  auf  die  Langs- 
richtung  eines  jeden  Bildes  und  der  Wahl  der 
Abmessungen  der  langlichen  Apertur  relativ  zu 
ihrem  Abstand  von  der  Anordnung  so,  daB  jedes 
Bild  eine  Lange  aufweist,  die  wesentlich  die  Breite 
seines  entsprechenden  Linsenelementes  uber- 
schreitet,  ohne  jedoch  die  Bilder  zu  uberlappen, 
die  von  benachbarten  Linsenelementen  gebildet 
werden. 

Revendications 

1.  Dispositif  d'enregistrement  servant  a  pro- 
duire  un  enregistrement  d'un  champ  objet,  dans 
lequel  essentiellement  un  changement  de  pers- 
pective  dans  une  seule  direction  est  enregistre, 

Aufnahme  liefert,  eine  langliche  Wahl-Aperturein- 
richtung  (65;  91/94),  die  zur  Ubertragung  nur  von 
Strahlen  von  der  Lichtquelle  eingerichtet  ist,  von 
denen  jeder  ein  aufgenommenes  Bild  (70)  und 
sein  zugeordnetes  Linsenelement  (69)  durchdrun-  5 
gen  hat,  und  eine  Abbildungseinrichtung  (74;  82, 
86,  87;  89;  85)  aufweist,  die  so  angeordnet  ist,  daft 
sie  ein  autostereoskopisches  Bild  von  den  uber- 
tragenen  Strahlen  bildet,  worin  die  perspektivi- 
sche  Anderung  in  im  wesentlichen  nur  einer  10 
Richtung  reproduziert  wird. 

19.  Einrichtung  nach  Anspruch  18,  wobei  die 
langliche  Wahl-Apertureinrichtung  (65)  so  ausge- 
bildet  ist,  daB  Strahlen,  die  alle  Perspektivansich- 
ten  des  autostereoskopischen  Bildes  bilden,  is 
gleichzeitig  ubertragen  werden. 

20.  Einrichtung  nach  Anspruch  18,  wobei  die 
langliche  Wahl-Apertureinrichtung  (91/94)  eine 
Apertur  (91;  98)  aufweist,  die  zu  einem  gegebe- 
nen  Zeitpunkt  Strahlen  ubertragt,  die  nur  einen  20 
Abschnitt  des  Bereichs  der  Perspektivansichten 
des  autostereoskopischen  Bildes  bilden,  sowie 
eine  Einrichtung,  um  die  Relativbewegung 
zwischen  der  Apertur  und  den  Strahlen  herzustel- 
len,  wobei  alle  Strahlen,  aus  denen  das  autostere-  25 
oskopische  Bild  gebildet  ist,  uber  ein  Zeitintervall 
hinweg  ubertragen  werden. 

21.  Einrichtung  nach  Anspruch  20,  wobei  die 
Abbildungseinrichtung  (95)  und  die  Apertur  (98) 
relativ  zueinander  festgelegt  sind.  30 

22.  Einrichtung  nach  Anspruch  20  oder 
Anspruch  21,  mit  einer  Einrichtung  zur  Anbrin- 
gung  einer  Endaufnghmeeinrichtung  zum  Auf- 
nehmen  des  autostereoskopischen  Bildes,  wobei 
die  Einrichtung  zur  Anbringung  der  Endaufnah-  35 
meeinrichtung  und/oder  die  Einrichtung  zur 
Anbringung  der  Aufnahme  (88;  96)  wahrend  des 
Zeitintervalles  relativ  zu  den  Strahlen  um  eine 
Achse  oder  um  Achsen  senkrecht  zur  Richtung 
der  perspektivischen  Anderung  drehbar  ist  bzw.  40 
sind  (Fig.  9,  y)- 

23.  Einrichtung  nach  jedem  der  Anspruche  18 
bis  22,  wobei  die  Lichtquelle  (92)  eine  bewegliche 
Kompaktquelle  ist. 

24.  Einrichtung  nach  jedem  der  Anspruche  18  45 
bis  23,  wobei  die  Bilder  auf  der  Aufnahme  (64;  88; 
96)  Farbkomponenten  aufweisen,  die  relativ 
zueinander  in  einer  Richtung  senkrecht  zur  Rich- 
tung  der  perspektivischen  Anderung  versetzt 
sind,  und  die  Einrichtung  eine  Einrichtung  (71)  50 
zum  erneuten  Kombinieren  der  Farbkomponen- 
ten  aufweist,  um  das  autostereoskopische  Bild  zu 
bilden. 

25.  Einrichtung  nach  jedem  der  Anspruche  18 
bis  24,  wobei  die  Abbildungseinrichtung  dazu  55 
eingerichtet  (86;  87;  89;  95)  ist,  den  Maftstab  des 
autostereoskopischen  Bildes  zu  andern. 

26.  Einrichtung  nach  jedem  der  Anspruche  18 
bis  25,  die  fur  die  unmittelbare  Betrachtung  des 
autostereoskopischen  Bildes  eingerichtet  ist.  60 

27.  Einrichtung  nach  jedem  der  Anspruche  18 
bis  25,  mit  einer  Endaufnahmeeinrichtung  (76; 
84;  90;  97)  zur  Aufnahme  des  autostereoskopi- 
schen  Bildes. 

28.  Einrichtung  nach  Anspruch  26  oder  27,  mit  65 
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reelle  (36;  40)  desdits  moyens  en  forme  d'ouver- 
ture  allongee  sur  lesdits  moyens  d'enregistre- 
ment,  ladite  image  comportant  un  ensemble  de 
perspectives  du  champ  objet  le  long  de  I'etendue 
alongee  et  un  ensemble  nettement  plus  reduit  de 
perspectives  dans  une  direction  perpendiculaire  a. 
ladite  etendue  allongee,  les  axes  de  coordonnees 
.du  reseau  d'elements  de  lentille  (figures  6A,  B  et 
C)  etant  orientes  de  mainere  a  etre  non  alignes 
avec  la  direction  de  I'etendue  allongee  de  I'image 
de  I'ouverture,  et  les  dimensions  relatives  de 
ladite  ouverture  (35)  et  les  dimensions  (a,  b,  t) 
desdits  elements  (34)  etant  choisies  de  mainere 
que  la  longueur  (I)  de  chaque  image  soit  nette- 
ment  superieure  a  la  largeur  (a,  b)  de  Telement  de 
lentille,  qui  lui  correspond,  sans  chevauchement 
des  images  formees  par  les  elements  de  lentille 
voisins. 

6.  Dispositif  selon  I'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  les  moyens  en 
forme  d'ouverture  allongee  presentant  un  rapport 
d'elancement  superieur  a  10:1. 

7.  Dispositif  selon  I'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  lesdits 
moyens  d'enregistrement  comprennent  un  sup- 
port  d'enregistrement  photographique. 

8.  Dispositif  selon  la  revendication  7,  dans 
lequel  ledit  moyen  d'enregistrement  est  une 
emulsion  photographique  en  noir  et  blanc. 

9.  Dispositif  selon  la  revendication  5,  dans 
lequel  les  elements  de  lentille  et  les  moyens 
d'enregistrement  sont  agences  et  disposes  de 
maniere  que,  pour  une  image  enregistree,  Tangle 
d'observation  a  travers  chaque  lentille  dans  la 
direction  du  changement  essentiel  de  perspective 
est  egal  au  moins  a  25°. 

10.  Dispositif  selon  la  revendication  5  ou  9,  dans 
lequel  les  elements  de  lentille  et  les  moyens 
d'enregistrement  sont  agences  et  disposes  de 
maniere  que,  pour  une  image  enregistree,  le 
facteur  de  merite  est  superieur  a  8,  le  factuer  de 
merite  etant  fourni  par  I'expression. 

comprenant  des  moyens  optiques  (10)  servant  a 
former  une  image  du  champ  objet  dans  un  champ 
image,  des  moyens  (35)  en  forme  d'ouverture 
alongee,  associes  auxdits  moyens  optiques,  un 
reseau  bidimensionnel  d'elements  de  lentille  (34) 
disposes  dans  ledit  champ  image,  et  des  moyens 
d'enregistrement  associes  auxdits  elements  de 
lentille,  caracterise  en  ce  que  chaque  element  de 
lentille  (34)  possede  un  element  de  surface 
spheroidal  ou  des  moyens  equivalents,  du  point 
de  vue  optique,  pour  former  une  image  reelle  (36) 
desdits  moyens  en  forme  d'ouverture  allongee 
sur  lesdits  moyens  d'enregistrement,  ladite 
image  comportant  un  ensemble  de  perspectives 
du  champ  objet  de  long  de  I'etendue  allongee  et 
un  ensemble  nettement  plus  reduit  de  prespec- 
tives  dans  une  direction  perpendiculaire  a  ladite 
etendue  allongee,  et  qu'il  est  prevu  des  moyens 
pour  la  formation  d'une  pluralite  d'images  (36  et 
36A)  par  chacun  desdits  elements  de  lentille  (34) 
dans  ladite  direction  perpendiculaire. 

2.  Dispositif  d'enregistrement  selon  la  revendi- 
cation  1,  dans  lequel  les  moyens  servant  a  former 
une  pluralite  d'images  comprennent  des  moyens 
produisant  un  deplacement  relatif  entre  lesdits 
moyens  en  forme  d'ouverture  (35)  et  ledit  reseau 
d'elements  de  lentille,  lesdites  images  etant  for- 
mees  a  des  instants  respectifs  differents. 

3.  Dispositif  d'enregistrement  selon  la  revendi- 
cation  1,  dans  lequel  les  moyens  servant  a  former 
une  pluralite  d'images  comprennent  des  filtres 
colores,  disposes  dans  ladite  ouverture  allongee 
(35)  et  subdivisant  cette  ouverture  dans  une 
direction  perpendiculaire  a  son  etendue  en  lon- 
gueur. 

4.  Dispositif  d'enregistrement  selon  la  revendi- 
cation  1,  dans  lequel  les  moyens  servant  a  former 
une  pluralite  d'images  comprennent  une  seconde 
ouverture  allongee  (43,  figure  7)  disposee  a  cote 
de  ladite  premier  ouverture  alongee  (47),  des 
moyens  de  collimation  (45)  disposes  a  proximite 
desdites  ouvertures,  des  moyens  (46)  de  separa- 
tion  des  couieurs,  disposes  a  proximite  du  plan 
focal  desdits  moyens  de  collimation  (45),  lesdits 
moyens  de  subdivision  (46)  formant,  en  combi- 
naison  avec  lesdits  moyens  de  collimation  (45), 
lesdits  moyens  optiques  (49)  et  lesdits  elements 
de  lentille  (59),  une  pluralite  d'images,  separees 
du  point  de  vue  des  couieurs,  du  champ  objet  sur 
lesdits  moyens  d'enregistrement. 

5.  Dispositif  d'enregistrement  servant  a  pro- 
duire  un  enregistrement  d'un  champ  objet,  dans 
lequel  essentiellement  un  changement  de  pers- 
pective  dans  une  seule  direction  est  enregistre, 
comprenant  des  moyens  optiques  (10;  49)  ser- 
vant  a  former  I'image  du  champ  objet  dans  un 
champ  image,  des  moyens  (35;  47)  en  forme 
d'ouverture  allongee  associes  auxdits  moyens 
optiques,  un  reseau  bidimensionnel  d'elements 
de  lentille  (34)  disposes  dans  ledit  champ  image, 
et  des  moyens  d'enregistrement  associes  auxdits 
elements  de  lentille,  caracterise  en  ce  que  chaque 
element  de  lentille  (34)  possede  un  element  de 
surface  spheroidal  ou  des  moyens  equivalents, 
du  point  de  vue  optique,  pour  former  une  image 
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a  etant  Tangle  d'observation  en  radians  dans  la 
direction  du  changement  de  perspective,  a  travers 
un  element  de  lentille,  N  le  nombre  de  perspec- 
tives  distinctes  dans  ladite  direction,  dans  une 
image  enregistree  associee  audit  element  de  len- 
tille,  et  u  Tindice  de  refraction  effectif  dudit  ele- 
ment. 

11.  Dispositif  selon  la  revendication  10,  dans 
lequel  le  facteur  de  merite  est  superieur  a  14. 

12.  Enregistrement  d'un  champ  objet,  dans 
lequel  essentiellement  un  changement  de  pers- 
pective  dans  une  seule  direction  est  enregistre, 
comprenant  un  reseau  bidimensionnel  d'ele- 
ments  de  lentille  (34),  chaque  element  de  lentille 
possedant  un  element  de  surface  spheroidal  ou 
des  moyens  equivalents,  du  point  de  vue  optique, 
comprenant  un  plan  focal  situe  dans  une  surface 
(14)  de  support  de  I'image,  et  une  image  (36)  sur 
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ladite  surface  associee  a  chaque  element  de 
lentille,  caracterise  en  ce  que  chaque  image  est 
allongee  et  comprend  un  ensemble  de  perspec- 
tives  du  champ  objet  le  long  de  ladit  etendue 
allongee  et  un  ensemble  nettement  plus  faible  de 
perspectives  dans  une  direction  perpendiculaire. 

13.  Enregistrement  selon  la  revendication  12, 
dans  lequel  les  axes  de  coordonnees  dudit  reseau 
d'elements  de  lentille  (figures  6A,  B  et  C)  sont 
orientes  de  maniere  a  etre  non  alignes  avec  la 
direction  de  chaque  image  allongee  de  sortie  que 
la  longueur  (I)  de  chaque  image  est  nettement 
superieure  a  la  largeur  (a,  b)  de  I'element  de 
lentille,  qui  lui  correspond,  tandis  que  la  hauteur 
(h)  de  ladite  image  est  telle  que  les  images 
correspondant  a  des  elements  de  lentille  voisins 
ne  se  chevauchent  pas  sur  ladite  surface  de 
support  de  I'image. 

14.  Enregistrement  selon  la  revendication  13, 
dans  lequel  les  elements  de  lentille  et  les  moyens 
d'entregistrement  sont  agences  et  disposes  de 
maniere  que,  pour  une  image  enregistree,  le 
facteur  de  merite  est  superieur  a  8,  le  facteur  de 
merite  etant  fourni  par  I'expression. 

blement  uniforme,  au  moins  une  partie  dudit 
enregistrement,  des  moyens  en  forme  d'ouver- 
ture  allongee  de  selection  (65;  91/94)  disposes  de 
maniere  a  transmettre  uniquement  des  rayons, 

5  qui  proviennent  de  ladite  source  de  lumiere,  dont 
chacun  a  traverse  une  image  enregistree  (70)  et 
I'element  de  lentille  (69),  associe  a  cette  image,  et 
des  moyens  de  formation  d'images  (74;  82;  86, 
87;  89,  95)  agences  de  maniere  a  former,  a  partir 

10  des  rayons  transmis,  une  image  autostereoscopi- 
que,  dans  laquelle  un  changement  de  perspective 
essentiellement  dans  une  seule  direction  est 
reproduit. 

19.  Dispositif  selon  la  revendication  18,  dans 
15  lequel  les  moyens  en  forme  d'ouverture  allongee 

de  selection  (15)  sonttels  que  des  rayons  formant 
toutes  les  perspectives  de  I'image  autoste- 
reoscopique  sont  transmis  simultanement. 

20.  Dispositif  selon  la  revendication  18,  dans 
20  lequel  les  moyens  en  forme  d'ouverture  allongee 

de  selection  (91/94)  comprennent  une  ouverture 
(91;98)  qui  transmet,  a  un  instant  donne,  des 
rayons  formant  seulement  une  partie  de  I'ensem- 
ble  de  perspectives  de  I'image  autostereoscopi- 

25  que,  et  des  moyens  pour  produire  un  deplace- 
ment  relatif  entre  ladite  ouverture  et  lesdits 
rayons,  ce  qui  a  pour  effet  que  I'ensemble  des 
rayons,  dont  est  formee  I'image  autostereoscopi- 
que,  sont  transmis  pendant  un  intervaile  de 

30  temps. 
21.  Dispositif  selon  la  revendication  20,  dans 

lequel  lesdits  moyens  de  formation  d'images  (95) 
et  ladite  ouverture  (98)  sont  fixes  entre  eux. 

22.  Dispositif  selon  la  revendication  20  ou  21, 
35  incluant  des  moyens  pour  monter  des  moyens 

servant  a  supporter  des  moyens  d'entregistre- 
ment  final  servant  a  enregistrer  ladite  image 
autostereoscopique,  lesdits  moyens  de  support 
des  moyens  d'enregistrement  final  et/ou  lesdits 

40  moyens  de  support  dudit  enregistrement  (88,  96) 
pouvant  etre  entrames  en  rotation  (figure  9,  v)> 
pendant  ledit  intervaile  de  temps,  par  rapport 
audit  rayon,  autour  d'un  axe  ou  d'axes  perpendi- 
culaires  a  la  direction  du  changement  de 

45  perspective. 
23.  Dispositif  selon  I'une  quelconque  des  reven- 

dications  18  a  22,  dans  lequel  ladite  source  de 
lumiere  (92)  est  une  source  mobile  compacte. 

24.  Dispositif  selon  I'une  quelconque  des  reven- 
50  dications  18  a  23,  dans  lequel  les  images  dudit 

enregistrement  (64,  88;  96)  comprennent  des 
composantes  de  couieurs  decalees  les  unes  par 
rapport  aux  autres  dans  une  direction  perpendi- 
culaire  a  la  direction  de  changement  de  perspec- 

55  tive,  ledit  dispositif  comprenant  des  moyens  (71) 
servant  a  recombiner  lesdites  composantes  de 
couieurs  pour  former  ladite  image  autostereo- 
scopique. 

25.  Dispositif  selon  I'une  quelconque  des  reven- 
60  dications  18  a  24,  dans  lequel  lesdits  moyens  de 

formation  d'images  sont  adaptes  (86;  87;  89;  95) 
pour  modifier  I'echelle  de  I'image  autoste- 
reoscopique. 

26.  Dispositif  selon  I'une  quelconque  des  reven- 
65  dications  18  a  25,  adapte  pour  I'observation 

2.2 
N 

2(|i-1) 

etant  Tangle  d'observation  en  radians  dans  la 
direction  du  changement  de  perspective,  a  travers 
un  element  de  lentille,  N  le  nombre  de  perspec- 
tives  distinctes  dans  ladite  direction,  dans  une 
image  enregistree  associee  audit  element  de  len- 
tille,  et  u  I'indice  de  refraction  effectif  dudit 
element. 

15.  Enregistrement  selon  la  revendication  14, 
dans  lequel  le  facteur  de  merite  est  superieur  a  14. 

16.  Materiau  d'enregistrement  composite  des- 
tine  a  etre  utilise  dans  un  dispositif  selon  la 
revendication  5,  ce  materiau  comprenant  un 
reseau  d'elements  de  lentille  (figure  6C)  disposes 
suivant  des  lignes  et  des  colonnes  et  s'etendant 
suivant  deux  directions,  lesquelles  lignes  et 
colonnes  definissent  deux  axes  de  coordonnees 
(A,  B),  chaque  element  de  lentille  possedant  un 
element  de  surface  spheroidal  ou  des  moyens 
equivalents,  du  point  de  vue  optique,  pour  former 
une  image  reelle  et  des  moyens  d'enregistrement 
photosensibles  situes  dans  ie  plan  focal  desdits 
elements  de  lentille,  caracterise  en  ce  que  ledit 
materiau  d'enregistrement  possede  au  moins  un 
bord  rectiligne  precoupe  (X,  Y),  dont  une  normale 
est  orientee  de  maniere  a  etre  non  alignee  avec 
lesdits  deux  axes  de  coordonnees. 

17.  Materiau  selon  la  revendication  16,  dans 
lequel  aucun  des  bords  (X,  Y)  n'est  aligne  avec 
lesdits  axes  de  coordonnees  (A,  B). 

18.  Dispositif  de  reproduction  servant  a  former 
une  image  autostereoscopique  d'un  champ  objet 
a  partie  d'un  enregistrement  (64;  88;  96)  dudit 
champ  objet  selon  la  revendication  12,  iedit  dis- 
positif  comprenant  des  moyens  de  support  dudit 
enregistrement,  une  source  de  lumiere  (61;  92) 
disposee  de  fagon  a  eclairer,  d'une  maniere  sensi- 

20 
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33.  Image  autostereoscopique  selon  la  revendi- 

cation  31,  comprenant  un  hologramme. 
34.  Image  autostereoscopique  selon  la  revendi- 

cation  33,  dans  lequel  I'hologramme  est  un  holo- 
gramme  du  plan  image. 

35.  Procede  pour  realiser  un  enregistrement 
d'un  champ  objet,  dans  lequel  essentiellement  un 
changement  de  perspective  dans  une  seule  direc- 
tion  est  enregistre,  ce  procede  consistant  a  pre- 
voir  des  moyens  optiques  pour  former  une  image 
d'un  champ  objet  dans  un  champ  image,  posi- 
tionner  des  moyens  en  forme  d'ouverture  allon- 
gee  destines  a  agir  en  liaison  avec  lesdits  moyens 
optiques  et  disposer  un  materiau  d'enregistre- 
ment  composite  incluant  un  reseau  d'elements  de 
lentille  et  un  support  photosensible  dans  le 
champ  image,  caracterise  en  ce  que  le  reseau  est 
bidimensionnel  et  que  chaque  element  de  lentille 
possede  un  element  de  surface  spheroidal  ou  des 
moyens  equivalents,  du  point  de  vue  optique,  et 
que  chaque  element  de  lentille  forme  une  image 
reelle  de  ladite  allongee  sur  ledit  support. 

36.  Procede  selon  la  revendication  35,  incluant 
une  rotation  des  axes  de  coordonnees  du  reseau 
des  elements  de  lentille  amenant  ces  axes  dans 
une  position  non  alignee  avec  I'etendue  allongee 
de  chaque  image,  et  la  selection  des  dimensions 
de  I'ouverture  allongee  en  rapport  avec  sa  dis- 
tance  par  rapport  au  reseau  de  maniere  que 
chaque  image  possede  une  longeur  nettement 
superieure  a  la  largeur  de  I'element  de  lentille,  qui 
lui  correspond,  sans  chevauchement  des  images 
formees  par  des  elements  de  lentille  adjacents. 

directe  de  I'image  autostereoscopique. 
27.  Dispositif  selon  I'une  quelconque  des  reven- 

dications  18  a  25,  incluant  des  moyens  d'enregis- 
trement  final  (76;  84;  90;  97)  servant  a  enregistrer 
ladite  image  autostereoscopique. 

28.  Dispositif  selon  la  revendication  26  ou  27, 
incluant  un  ecran  diffuser  dispose  a  proximite  de 
I'image  autostereoscopique  et  realisant  une  diffu- 
sion,  de  fagon  preferentielle  dans  la  direction 
perpendiculaire  a  la  direction  du  changement  de 
perspective. 

29.  Dispositif  selon  la  revendication  27  ou  28, 
dans  lequei  ladite  source  de  lumiere  est  cohe- 
rente  et  lesdits  moyens  d'enregistrement  final 
comprennent  un  support  photosensible  et  un 
faisceau  de  reference  coherent. 

30.  Dispositif  selon  la  revendication  27,  dans 
lequel  lesdits  moyens  d'enregistrement  final  (90; 
97)  comprennent  des  elements  de  lentille  cylindri- 
que,  dont  les  axes  longitudinaux  sont  transver- 
saux  par  rapport  a  la  direction  du  changement  de 
perspective  de  I'image  autostereoscopique,  et 
une  surface  photosensible,  sur  le  cote  des  ele- 
ments,  distant  des  moyens  en  forme  d'ouverture 
allongee  de  selection  et  des  moyens  de  formation 
d'images. 

31.  Image  autostereoscopique  formee  par  un 
dispositif  selon  I'une  quelconque  des  revendica- 
tions  18  a  30. 

32.  Image  autostereoscopique  selon  la  revendi- 
cation  31,  comprenant  un  ecran  lenticulaire  cylin- 
drique  d'une  surface  de  surface  de  support 
d'images. 
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