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DIMENSIONAL DEVELOP-  together in the same direction as the camera MENT
CORORATION, a corporation of  (if lenticular film is used, so as to
maintain the State of Georgia, having a place of  successive images of the
so-called "key subject 50 business at 2403 Johnson Ferry Rod NE,  matter"
of the scene in registry with a selected Atlanta, Georgia 30341, U.S.A., do
hereby  point on the lenticular screen. After the  nega- declare the
invention for    we pray that  tive has been  fully exposed, it is removed
a patent may be granted to us, and the  from the camera and developed in
the nor- method by which it is to be performed, to be  mal  way to produce
a print or transparency.  55 particularly described in and by the follow-
Finally, another lenticular screen (assuming 10  ing statement: -
lenticular film is not employed) is superim- The present invention
posed to the pro-   in proper registry on the print or duction of
stereoscopic pictures of the type  transparency to complete the
stereoscopic pic- employing a lenticular screen.            ture.
60 A well-known technique  for producing a     One  technique  for
producing  pictures 15  stereoscopic picture of a given scene is to
according  to  the  "direct"  or in-camera photograph the scene a number of
times  method  is fully described, for example,  in from different vantages
points or angles with  the United States Patent No. 3,380,360 to respect to
the elements or objects in the  Stockbridge, et al.                     65
scene. Normally, the successive pictur-taking    With the "idirect"  method
of taking pic- 20  vantage points all have the same vertical   tures a
lenticular screen is not used in the elevation and are spaced apart
horiontally  camera and a separate negative is exposed at at equal
intervals either along a straight line  each different relative position of
the camera or the arc of a circle.                    and scene.
70 It is also known to photograph the scene    After exposure the negatives
are developed 25   a number of times from  a single vantage     and
sucessively  projected and imaged by an point and to translate or rotate
the scene rela-  enlarger upon photosensitive film  which is tive to the
photographic position for each suc-   overlaid with a lenticular screen.
cessive picture. The later techique is en-    The negatives are so
projected that the  75 tirely analogous to the former one since the
successive narroed imae bands, which' are 30  relative positions of camera
and scene are  focused on the film by the lenticula screen, varied in the
identical manner.               lie adjacent to one another on  the film.
This There are essentially two methods where-   techique of sccessive
imaging is known in by the photographic  images for a stereoscopic
the art as "composing' the stereoscopic pic-  80 picture are caused to be
registered on a film  or   ture. 35  plate behind a lenticular screen:
thesearethe         Thereafter the photosensitive film  is de- so-called
"direct and the "indirect" methods.  veloped and the sameor an identical
lenticur- In the direct method a lenticular screen is  lar screen to that
used for composing is pro- arranged in the camera immediately in front
perly registered with the comosite image to  85 of the photographic
negative. After each ex-  present a stereoscopic picture to the viewer. 40
posure of the negative (if separate pictures    Important and useful
improvements in the are taken at different relative positions of the
foregoing composing technique, as applied to camera and scene) or during
exposure of the  the indirect phtographic method, are des- negative (if the
relative  poitions of camera    cried in U.S. Patent No. 3,895,867.    90
and scene are continuously changed while a       In order to obtain
photoraphic negaives, 45  single time-exposure is taken),  the lenticular
whether by the direct or indirect photographic screen is moved laterally
with respect to the   method, the photographer may adjust one or negative
or the negative and screen are moved   more of a large number of variables
within   
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2 his immediate control. These variables in-  out this specification in
connection with the clude such knowns and unknowns as the  inventive
process of taking an appropriate desired size of the'stereoscopic picture
to be  negative or negatives for use in a stereoscopic produced, the
resolving power and lenticule  picture. In the typical photographic
arrange- 5   width of the lenticular screen, the number and  ment, whether
the photographic condtions  70 size of two-dimensional picture negatives
be characterizable as close-up or telescopic which are to be taken and
included in the  photography,  macro-photography,  micro stereoscopic
picture, the distance between  phtography, radiography, etc., a
photographic adjacent camera vantage points from which  camera must make an
"image record" of an 10  the negatives are taken, the camera focal  "object
field" at a plurality of "vantage  75 length, the distance from the camera
to the  points". The image record, as the term  is nearest element or
object of the scene to be  used hereinafter, is intended to include either
photographed, the distance from the camera  a single three-dimensional
(lineiform) nega- to the farthest element or object of the scene  tive if
the direct method of stereoscopic 15  to be photographed, and the distance
from   photography is employed, or a plurality of  80 the camera to an
element or object -  the  two-mensional negatives if the indirect "key
subject matte" -  in the scene which  method is employed. The object field,
as is to lie in the plane of the picture. Not only  used hereinafter, is
intended to define the is the coordination of these numerous vari-  scene
to be photoraphed. The term "object 20   ables an extremely difficult task
for a photo-  field" is used rather t "scene" since, for  85 grapher in the
field, but it has not previously example, in X-ray photography and micro-
been known how  these variables may be  photography, the object field may
constitute adjusted so that the resulting stereoscopic  subject matter such
as a single object alone. pictures will be of consistently high quality.
Also, it is desirable in certain photographic 25     It is therefore an
object of the present in-  conditions, such  as electron micro-photo- go
vention to provide methods for aiding the  graphy and X-ray photography, to
make the photographer in  determining, coordinating  image record of the
object field from  an and adjusting the  numerous variables which  image
intensifier screen or the like. The bear on the quality of a stereoscopic
picture  "object field', in such conditions, is the 30   in a manner
permitting the consistent pro- object undergoing examination, not the int-
95 duction of high quality stereoscopic pictures  sifier screen, which
merely presents a pro- under substantially all photographic condi- jected
image of the object field tions.                                       When
taking an image record of the object This object is achieved, according to
the  field the camera is situated at a plurality of 35   present invention,
by maintaining the parallax  "vantage points", or positions relative to the
100 imparted to the final stereoscopic pictures  object field  he term
vantage points, as used within certain minimum and maximum values,
hereinafter, is intended to include the case and preferably at an optimum
value. This  where the object field is moved relative to procedure, as will
be explained in detail  the camera as well as the converse situation 40
hereinafter, involves a function of the len-  Successive vantage points
define a line or 105 ticule width of the lenticular screen of the  "path"
which may be either a straight line stereoscopic picture, the enlargement
ratio be-  or the arc of a circle. For example, if the tween the size of
the two-dimensional   nega-  camera is provided  with a plurality of lenses
tive or negatives taken by the camera to the  and is operable to take a
plurality of two- 45   size of the final stereoscopic picture, the
dimensional negatives simultaneously, the path  110 composition and
contrast of the photographed  of the vantage points is defined by the
camera scene, and the number (or the effective num-  itself. However, where
a single lens camera ber) of exposures made of the scene and to  is used
(either with the direct or indirect be included in the picture.
method) to take successive pictures at a 50     Given the appropriate
parallax, the remain-  plurality of vantage points, the movement of 115 ing
relevant variables which must be deter-  the camera normally follows the
path of the mined in taking and composing a stereoscopic   vantage points.
picture may be coordinated in a manner    The path of the vantage points in
the which will be derived and set forth herein-  phtographic, arrangement
is spaced from  a 55   after. Conversely, it is possible to start with
point or plane in the object field which is to  120 the photographic
variables and determine  lie in the plane of the stereoscopic picture.
whether the parallax associated with those  This plane, which contains the
"key subject variables falls within the permissible range  matter" of the
object field, will be hereinafter for proper picture quality. This latter
aspect  denoted as the "object field plane". 



60   also allows control of the parallax of the    For the purposes of the
present invention, 125 stereoscopic picture during the composing  it is
necessary to define three points or process when the indirect method is
used.  "elements" in the object field; namely, a Before the present
invention is more par-  "nearest foreground element", which is that
ticularly described, it is necessary to define a  foreground element
closest to the path of the 65  number of terms which will be used through-
vantage points that is to appear in focus and  130    101 3
1,445,583                                     3 sharp in  final
stereoscopic picture; a  ment, the key subject matter element and the
"farthest background element", which is the  farthest background element
background element farthest from  the path   As was mentioned above, the
image record of. the vantage points that is to appear in  for a sterecopic
picture must be taken at a 5   focus and sharp in the final stereoscopic
pic-  plurality of vantage points. In a stereoscopic  70 ture; and an
element of the key subject matter  picture utilizing a lenticular screen,
each which is located at an intermediate position  separate view  from
each separte vantage in the object field. If the stereoscopic picture
point produces a separate lineiform  image is to have both foreground and
background it  beneath each lenticulre of the final picture 10   will
include a foreground plane that is parallel  Hence, within the resolution
limit of the  75 to the object field plane and passes through  lenticular
screen, the greater the number of the foreground element and a background
pictures taken at different vantage points, the plane that is parallel to
the object field plane  higher will be the quality of the stereoscopic and
passes through the background element.  picture. 15  If the stereoscopic
picture is to have only a  It will be understood, however, that when  80
foreground (without a background) or a back-  the indirect method is used,
all of the two- ground (without a foreground) the background   dimensional
negatives that are taken may not element and plane or the foreground
element  be used in composing the final picture In and plane, respectively,
are eliminated.   fact, it is a feature of the present invention 20
Foreground elements and background ele-  to provide a method whereby the
parallax  85 ments other than the "nearest foreground ele-  in the final
stereoscopic picture may be con- ment" and the "farthest backgound element"
trolled by limiting the number of negatives respectively, may of course be
included in a   used in the composing process. picture. In accordance with
the invention,    Thus, with the indirect method the number 25  those
foreground and background elements  of vantage points at which
two-dimensional go lying closer to the key subject matter than the
negatives are taken may not be equal to the corresponding "nearest" and
"farthest" ele-   number of negatives used to compose the ments will appear
focused and sharp in the  stereoscopic picture. However, for consistency
final picture, while those spaced beyond the   between the direct and
indirect method, those 30  "nearest" or "farthest"  elements will be
vantage points at which are taken negatives  95 blurred. For artistic or
other reasons, how    not used in the final stereoscopic picture will ever,
it may be desirable in some circim-    be ignored. Consequently, the number
(N) of stances to include such blurred images. One   vantage points is
hereby defined to be the example of such a situation would be where  number
of those vantage points at which an 35  a comparatively small or
unimportant object  image record is made that is utilized in the 100 is
located in front of the foreground elements  stereoscopic picture. of
principal interest, or behind the back-    According to one aspect of the
invention ground elements of principal interest. In  this   there is
provided a method of obtaining an case, the quality (sharpness and focus)
of the  image record of a spatial object field that is 40  images of the
principal foreground elements  useful in producing a stereoscopic picture
of 105 or of the principal background elements is of  the type
incorporating a viewing lenticular primary importance, and not that of the
screen of lenticule width W, the stereoscopic unimportant foreground
element or back-  picture to include a key subject matter ele- ground
element even though that element is  ment image in the plane of the picture
and 45  more distantly spaced from the key subject  at least one of a
foreground element image  110 matter element. For purposes of the inven-
seemingly in front of the plane of the picture tion, therefore, the
"nearest foreground ele-  and a background element image seemingly ment" in
this example would be the principal  behind the plane of the picture,
comprising foreground element spaced closest to the path  the steps of: 50
of the vantage points, and the "farthest back- 



ground element" would be the principal back-  photographically recording an
overall image 115 ground element spaced farthest from the path  of the
object field through a lens of focal of the vantage points.
length (f) from a plurality (N) of different Finally, it is necessary to
define the term   relative vantage points aligned in a path ex- 55
"principal axis" of the object field. Generally   tending generally
ransversely of, and in this axis is a line drawn through the centre
generally uniform  spaced relation to the 120 of the object field
perpendicular to the object  object field; and field plane. In the usual
case, it will also    controlling at least one of (1) said focal pass
through the central vantage point. Since  length (f), (2) the distance
between adjacent 60  the object field plane is parallel to both the  ones
of said plurality (N) of vantage points, foreground and background plane,
the prin-  (3) the enlargement ratio (R) between the 125 cipal axis will
also be perpendicular to these  photographic record of said object field
and two planes. In some cases, though not neces-  the stereoscopic picture,
(4) the distance (a) sarily, the principal axis will pass through   from
the path of the vantage points to the 65  one or more of the nearest
foreground ele-  nearest foreground element of the object field,    4
1,445,583                                      4 (5) the distance (b) from
the path of the  Preferred features of the invention will now vantage
points to the farthest background   be described. with reference to. the
drawings, element of the object field, and (6) the dis-     in which:-
tance (k) from the path of the   vantage points       Figure 1A is a
diagrammatic view, showing to the key subject matter element of the   three
object  field element positions and three  70 object field, so as to
maintain the change   diferent photographic vantage points for  70 between
adjacent vantage points  in  the   making photograpc   exposures  of an
object parallax  value between the image of the key  field in accordance
with the principles of subject matter element and the image of said
invention. lo  at least one element, as recorded at each of said adjacent
vantage points, within a pre-   Figure 1B is a diagrammatic view similar
75 determined range of multples of W/R.       to Figure 1A, showing three
object field ele- According to a second aspect of the in-  ment positions
and five different photographic vention there is provided a method   of
pro-  vantage points for making photographic ex- 15  ducing a stereoscopic
picture of a spatial ob-  posures of an object field in accordance with
ject field of the type incorporating a viewing  the principles of the
invention.   80 lenticular screen, the picture having the image  Figure 2
is a diagrammatic view showing of a key subject matter element of the.
object   three object field element positions, one field in  the plane
thereof and at least one of  photographic vantage point and an enlarged 20
an image of a foreground   element of  the   stereoscopic picture. object
field and an image of a background          Figure 3 is a diagrammatic view
illustrat-  85 element of the object field, comprising the  ing the effect
of three values of parallax in a steps of:
five-frame stereoscopic picture. obtaining a plurality (N).. of negatives
by  Figure 4 is   a dagrammatic view illustrat- 25  phtographing the object
field through a lens  ing the effect of optimum  parallax in a of focal
length   ) from  a corresponding         stereoscopic picture.
go plurality (N) of different relative vantage  Figure 5 is a diagrammatic
view illustrat- points aligned in a path extending generally  ing the
effect of a greater than optimum transversely of, and in generally uniform
parallax in a stereoscopic picture. 30  spaced relation to, the object
field;         Figure 6 is a somewhat diagrammatic view exposing a
photosensitive surface by pro-  illustrating  one  photograpic  arrangement
95 jecting the object field image on each nega-  when taking a stereoscopic
picture. tive through a lenticular screen of lenticule    Figure   is a
diagrammatic. view of an width W with the projected image from each
optical system employed in taking a stereo- 35   negative of the key
subject matter element  scopic picture. of the object field in registry
with a reference    Figure 8 is a representational view illustrat- 100
point, the lenticular screen being positioned in  ing a finished
stereoscopic picture. overlying relation to the photosensitive sur-
Figure 9 is a representational view, related face such that the
photosensitive surface is  to Figure 8, illustrating a technique for locat-
40   substantially at the focal plane of the lenticu-  ing the object
images within the picture area lar screen; and
of the final stereoscopic picture.       105 controlling at least one of
(i) said focal    Figure 10 is a diagrammatic plan view of 



length (f), (2) the distance between adjacent  a scene to be photographed.
ones of said plurrality (N) of vantage points,    Figure 11 is a
diagrammatic plan view 45   (3) the enlargement ratio (R) between the
which, taken in conjunction with Figure 10, negatives and said phosensitive
surface, (4)  illustrates a particular photographic technique. 110 the
distance (a) from the path of the vantage    Figure 12 is an elevationl
view  of a points to the nearest foreground element of  camera which may be
employed so as to put the object field, (5) the distance (b) from the  the
present invention into operation. 50   path of the vantage points to the
farthest    Figure 13 is a top view of the camera background element of the
objectfield, (6)  llustrated in Figure 12.                 115 the distance
(k) from the path of the vntage    Figure 14 is an elevational view  of a
points to the key subject matter element of  camera support assembly which
may be em- the object field, (7) the number of said  ployed in conjunction
with the present in- 55   plurality (N) of negatives employed in ex-
vention. posing the photosensitive surface, and (8)    Figure 15 is a rear
elevational view of the 120 the lenticule width W  so as to mntain the
camera  support  assembly  illustrated  in change between adjacent vantage
points in the  Figure 14. parallax value between the image  of the key
Figure 16 is a top plan view of the camera 60   subject matter element and
the image f said  support assembly illustrated in Figure 14. at least one
element, as projected through    Figure 17 is a transverse section taken
125 said lenticular screen from the negative ob-  through the camera
support assembly illus- tained at each of said adjacent vantage points,
trated in Figure 14. with a predetermined range of multiples of    Figures
18A and 18B are composite views 65    W.
illustrating the scale layout in one form of    103 5
1,445,583                                    5 the camera support assembly
illustrated in  lax is the apparent displacement or differ- Figure 14.
ence in apparent direction of the several ele- Figures 19A and 19B are
composite views  ments as seen from a single vantage point illustrating the
scale layout of another form   not on a straight line with the elements.
These 5   of the camera support assembly illustrated in  two types of
parallax are illustrated in Figure  70 Figure 14. Figure 20 is a
diagrammatic view show-    Figure 1A is a plan view showing three ing how
the camera support assembly illus-  element positions A, K and B, a camera
ob- trated in Figure 14 may be used as a sup-  jective plane 20 and a focal
plane 22. An 10  port for objects to be photographed,        element of the
object field at position A is  75 Figure 21 is. a diagrammatic view showing
intended to be the "nearest foreground ele- how a camera may be moved in
the arc of a  ment" to be photographed. This element, circle to put the
present invention into opera-  when its image is viewed in the stereoscopic
tion.                                      picture, would appear to be
closer to the 15    Figure 22 is a diagrammatic view showing  viewer than
the plane of the picture. An  80 how objects to be photographed according
to  element at position B is intended to be the the invention may be
rotated on a turntable.. "farthest background element" to be photo-
Theoretical Explanation: The quality of a   graphed. The image of this
element in the stereoscopic picture is directly related to the
stereoscopic picture would appear to the 20  amount of parallax, which, as
will be ex-  viewer to lie in back of the plane of the  65 plained in
detail below, is the apparent shift  picture. An element at position K is
intended in position of an element of an object field  to be the so-called
"key subject matter" in due to the relative change in position of the  the
object field. The image of this element element and/or the place from
where the  in the stereoscopic picture would appear to 25   element is
viewed. Thus, when the parallax  lie in the plane of the picture
90 value in a finished stereoscopic picture is    Three photographic camera
lenses 24, 26 small, the image of the photographed object  and 28 are shown
in Figure 1A oriented along or objects in the picture look flat and lack
the camera objective plane 20 with their depth. In contrast, when the
parallax value  respective axes perpendicular to this plane. so  is large,
the image of the photographed object  These lenses respectively focus
images of the 95 or objects appear blurred and out of focus  object field
to be photographed on suitable since different portions of the image inter-
photographic negative field 30, 32 and 34 fere with each other.
oriented in the focal plane 22. 



Although for somewhat different reasons,    As will be understood from  the
laws of 35   variations in parallax have essentially the same  optics, the
object field elements at positions 100 effect on human vision. When a
remote object  A, K and B will all be imaged at a common is viewed and the
parallax is small, depth  point 36 by the lens 24. This point will lie and
separation -  the so-called "three-dimen-  on a common axis with the
element positions sional effect" - is lacking. When the object  A, K and B
which is the axis 35 of the lens 40   viewed is very close to the eyes,
however, and  24. This axis, which has been defined above 105 the parallax
value is large, it is difficult to  as the "principal axis" of the object
field, has see a solid image of that object           been illustrated as
intersecting the element In an ideal stereoscopic picture with per-
positions A, B and K  for simplicity and fect three-dimensional effect, all
elements of  clarity in describing the invention. It will be 45  the
photographed object field should be totally  understood that the points A,
K and B need 110 in focus and sharp. In order to approach  not lie in a
straight line and that, generally, such an ideal, it is necessary to
establish a  the principal axis of the object field may be range of
permissable parallax values. In addi-  taken as the line which passes
through the tion, it is necessary to control the photo-  centre of the
field. 50  graphic variables so that the proper parallax  Object field
elements at positions A, K  115 value will be obtained under each photo-
and B are focused by the lens 26 at the graphic condition, be such
condition charac-  positions 38, 40 and 42, respectively, on the terizable
as close-up or telescopic photo-  photographic negative 32. Because the
optical graphy,  macro-photography,  micro-photo-  axis 44 of the lens 26
is displaced by an 55  graphy or X-ray photography.                amount
[err] from the principal axis of the 120 The phenomenon of parallax may be
ob-  object field, the respective positions of points served either when
viewing a single element  38, 40 and 42 will be displaced from each of an
object field from two or more vantage  other and from  the optical axis 44.
The points or when viewing two or more elements  amount of this
displacement is the value of 60  from a single vantage point In the former
parallax which will hereinafter be designated 125 case, parallax may be
defined as the apparent  by symbol "X". displacement or the difference in
apparent    As indicated  in  Figure  1A, there  is direction of one
element as seen from dif-  parallax [err]  and [err] between the opti-
ferent vantage points not on a straight line  cal axis 44 and the points of
image 38, 40 65  with the element. In the latter case, the paral-  and 42
of the element positions A, K and  130    6
1,445,583                                     6 B respectively. This
parallax is of the type  distances are, the larger will be the parallax
first defined above; i.e., the displacement of values [err]  and [err].
object field images resulting from a change in    As may be seen, the
relative spacing of the viewing axis from the principal axis 35  the points
38, 40 and 42 (optical axis 44 to 5   to the optical axis 44.
principal axis 35 equals [err]) is considerably  70 As also shown in Figure
1A, there is less than the spacing between points 48, 50 parallax between
the points 38, 40 and 42  and 52 (optical axis 46 to the principal axis
with respect to the points themselves. The  35 equals [err]). In Figure 1A
[err]  is one-half parallax between the points 38 and 40 is the value of
[err] since, in three-dimensional 10   designated in the figures as [err].
whereas photography, the optical axes of successive   75 the parallax
between the points 40 and 42  lenses are equally spaced. is designated
[err]. The parallax between    Finally, the photographer may in some the
points 38 and 42 (the total of the  cases also control the distance between
the parallax [err] and [err]) on the right-hand  objective plane 20 and the
focal plane 22 of 15  side of the principal axis is designated [err].   the
photographic camera. As shown at the   80 This second type of parallax,
which occurs  right-hand side of Figure 1A, the parallax when a single
object field element successively  values [err]  and [err] may be reduced
if is moved to the positions A, K and B or the focal plane 22 is moved
closer to the when a plurality of elements at these posi- objective plane,
as indicated by the plane 20   tions are simultaneously viewed, is the
paral- 22'.                                    85 lax which affects the
quality of a stereo-    As may be seen, the relative spacing of the scopic
picture. In particular, as will be ex- points 54, 56 and 58 (where the
objective to plained in detail hereinafter, the clarity of focal plane
distance equals [err]), is less than image in a stereoscopic picture is
dependent that of the points 48, 50 and 52 (where the 25   upon these
parallax values [err]  and  objective to focal plane distance equals
[err]).    90 



[err].                                        The precise, quantitative
dependency of It is apparent from Figure 1A that the  the parallax values
upon the variables identi- parallax values [err]  and [err] may be  fied
above will be calculated and set forth controlled by changing one or more
of the  hereafter; however, before this is done, it is 30   following
variables: (1) the distances from  necessary to determine the range of
values,  95 the respective element positions A, K and B  as well as the
optimum value for the parallax to the camera objective plane 20 (this in-
on the final stereoscopic picture cludes the relative spacing of these
positions    Figure  1B  illustrates the  conventional with respect to each
other); (2) the distances  situation in three-dimensional photography 35
from the respective optical axes of view to  wherein a plurality of
negatives are exposed  100 the principal axis 35; and (3) the distance
from vantage points on both sides of the prin- between the objective plane
20 and the focal  cipal axis of the object field.  It will be plane 22 upon
which the images are focused    understood, however, that the present
inven- This last variable is a function of the focal  tion is in no way
limited to this particular 40  length of the lenses 24, 26 and 28. The pre-
configuration and that the principles derived  105 sent invention provides
a method whereby  and discussed hereinafter are applicable no any or all of
the above-defined variables may  matter what the orientation of the vantage
be controlled by the photographer to obtain  points may be with respect to
the principal the desired parallax values in the stereo-    axis of the
object fields 45   scopic picture.                              In the
arrangement shown in Figure 1B  110 Clearly, the respective distances of
the  the object field containing element positions nearest foreground
element at position A, key  A, K  and B is viewed from  five vantage
subject matter element at position  K and  points, indicated by the five
lenses 59, equi- farthest background element at position B  distantly
spaced along a "path" 61 (a straight 50  from the plane 20 at which the
objective plane  line in this case) that is oriented perpen-  115 of the
camera is positioned are, to some ex-  dicular to the principal axis 63.
Images of tent, a matter of choice with the photo-  the object field
elements at points A, K and grapher. Normally, the photographer is in-  B
are focused on respective negatives 65 terested in obtaining a picture of
certain key  beneath each lens. Because the left-most and 55  subject
matter, or perhaps key subject matter  right-most lenses are symmetrically
spaced  120 and either a particular background or fore-  about the
principal axis, the parallax [err], ground, and needs to know the distances
at  between the images formed by the left-most which the remaining
background and fore- lens will equal the parallax [err] between the ground
objects should be placed from  the  images formed by the right-most lens.
60   camera.                                      If we define total
parallax as:          125 The distances between the optical axes of view
and the principal axis of the object field         [err]           (1) may
also be varied by the photographer. As then illustrated in Figure 1A by the
respective 65  distances [err] and [err] the greater these the
[err]    105 7                                           1,445,583
7 It may readily  be seen from the geometry  ject and the background
object, although of the diagram of Figure 1B that the maxi-   these
objects are photographed from different mum parallax values will occur at
the left-  viewpoints. If the shifting distance of either most and
right-most vantage points. It is also  of the nearest foreground or the
farthest back- 5  apparent that, for a given focal length (f) for  ground
element images between successive  70 the lenses 59 and, in turn, given
distance (e)  two-dimensional negative images exceeds the to  the plane of
the negatives 65, and for a  width of one lenticule of the lenticular
screen, given object  field, the total parallax value  then the foreground
element image will inter- [err] will depend entirely upon the distance T
fere with the key subject matter and the back- 10  between the left-most
and right-most van-  ground element image, and vice versa  A   75 tage
points. It may be shown, in fact, that  clear picture will therefore not be
presented this total parallax value is invariant to the  to the observer so
that all the photographed position. of the vantage points with respect
images will look blurred and out of focus. to the principal axis. Thus, for
example, if    Figure 3 illustrates the positions of the 15  the vantage
points in Figure 1B were moved  nearest foreground element images A", the
80 to the right so that the left-most vantage  key subject matter element
images K" and 



point were aligned with the principal axis  the farthest background.
element images B" as shown in Figure 1A (and [err]=0), [err]  from five
different two-dimensional negatives would double its value so that [err]
would  (1-5) as these images would be aligned in 20  remain unchanged.
the composing process. In the particular ex-  85 Figure 2 illustrates the
manner in which  ample chosen, the five negatives were exposed a
photographed object field is imaged on  from vantage points starting at the
principal phoosensitive film  60 adjacent a lenticular  axis of the object
field and extending, at screen 62 by means of a technique known in  equally
spaced intervals, toward the right 25  the art as "composing'. As explained
above  Thus, the negative taken at the left-most  go in the introduction to
this specification, the  vantage point ("frame 1") results in no technique
of composing is used in the "in-   parallax at all, while the negative
taken at direct" method of producing stereoscopic pic-  the right-most
vantage point ("frame 5") tures. After a plurality of two-dimensional
produces the maximum parallax on the lenti- 30   negatives 64 have been
exposed by a camera  cular screen. Since in this case [err]=0,  95 at
different vantage points with respect to  [err] pursuant to equation (1),
above. the object field, the negatives are developed    Notwithstanding the
special case illustrated and, the images theron projected by means  in
Figure 3 which was chosen for the purpose of an enlarger onto a lenticular
screen 62  of clarity in descrbiing the invention, it should 35   and
photosensitive film 60.                 be understood that the values of
[err] and  100 In order to achieve the stereoscopic effect, [err] which
will be derived below are appli- the negative images are successively
projected  cable to other vantage point-to-principal axis onto the
lenticular screen 62 and film 60 in  configurations and, in particular, to
the sym- such a manner that the key subject matter  metrical configuration
shown in Figure 1B. 40   element in every image will be in registry.    The
upper lenticular screen 66 in Figure  105 Suitable techniques of composing
in this man-  3 illustrates the ideal three-dimensional pic- ner are
described, for example, in the afore-  ture in which the nearest foreground
element mentioned U.S. Patent No. 3,895,867.         images and the
farthest background element During the composing process the actual  images
from successive negatives are spaced *  45   size of the stereoscopic
picture can be con-  exactly one lenticule width apart. If the width 110
trolled; i.e. by the degree of enlargement  of each lenticule of the
lenticular screen be permitted. In Figure 2 an enlargement ratio
designated as W, the optimum parallax be- of approximately 3: 1 is
illuitrated so that  tween the key subject matter images [err] the parallax
values [err]   and [err] in  and the nearest foreground element image 50
the final picture are actually three times as  [err] (or the key subject
matter images 115 large as the corresponding values of [err]  [err] and the
farthest background element [err] and [err] in the photographic negative
image [err]) on the first and last frames in the 64.
final picture will equal (N-1)W, where N In an ideal three-dimensional
picture, the  is the total number of frames or negatives. 55   shifting
distance or displacement of the    Hence, the optimum parallax values for
120 nearest foreground element image (the image  the final picture are: of
an element at position A) and the farthest background element (the image of
an ele-                [err] ment at position B) between each successive 60
two-dimensional negative image should equal                 [err] the width
of one lenticule of the lenticuar  and screen As will be pointed out
hereinafter in              [err]                  125 connection with
Figures 4 and 5, this rela- tionship allows the observer to see a solid,
If the final picture is an enlargement of 65   sharply focused image of the
foreground ob-  the negatives taken by the camera as illus-    8
1,445,583                                      8 trated in Figure 2, the
parallax on the camera           [err] negatives must be reduced from this
value in  and the final picture by the enlargement ratio.
[err]                55 If this ratio of final picture size to the nega- 5
tive size be designated as R, the optimum   where c is the number of
lenticules shifted parallax values for the camera negatives will  between
frames (normally between 1 and 5), be given by:
N is the number of photographic frames, and 1                        W the
lenticule width of the lenticular screen. 



The corresponding maximum values for the photographic negatives are equal
to the above maximum values divided by the enlargement ratio R. Thus; [err]
R                                  c 10   and
[err] c R                            1)W; and                (2) R From  a
practical and economic point of view, it may be desirable to increase the
1)W parallax somewhat so that the shift between         R 15  successive
frames on the final picture is greater than the width of one lenticule.
Depending upon the size and colour of the    As a specific example of the
acceptable  65 objects to be photographed as well as the  range of values
for [err] for a stereoscopic desired lightness and contrast of the final
picture, it has been found, in practice, that 20   picture, it is possible
to increase the paralla   for a lenticular screen having a thickness of
without substantial degradation in the quality  2 millimeters and a
lenticule width of 0.48 of the picture. Such an increased parallax
high quality pictures are ob-  70 is illustrated in Figure 3 with the
lenticular    tained under general photographic conditions screen 68. In
this particular case the shift  if the total  parallax value [err] on the
25   between successive frames is exactly three  stereoscopic picture is
within the range of times the lenticule width W  of the lenticule
from  16 to 48 times the lenticule width screen 68.
when 9 frames are taken and used to com-  75 The actual shift between
successive frames  pose the picture. In this case c varies from may be
either greater or less than 3W depend-  1.0 to 3.0. 30  ing upon the nature
of the scene to be photo-    The minimum desirable parallax  condition
graphed. This shift may, in fact, vary any-  is illustrated at the bottom
of Figure 3 with where from                                  the viewing
lenticular screen 70. As may be   80 seen, the image [err] (or [err]0 from
the final frame in the successionof frames. should be spaced from the [err]
(or [err]) image from [err]                      the initial frame by at
least the width W  of one lenticule. If the distance between the  85 times
the lenticule width W  up to five times  images [err] and [err] (or [err]
and [err]) be 35  W. This factor, which equals the number of  less than the
width of one lenticule, all of lenticules, or fraction thereof, shifted
between  the images will fall within a single lenticule frames, will
hereinafter be designated by the  with the result that, while the separate
images letter c. As an example, if the images of the  may still be seen,
the angle of convergence  90 object photographed are small in comparison
between the separate images will be too small 40  to the lenticul width W
of the lenticular  for significant stereoscopic relief. screen (eg. 1OW or
less) and/or a high con-    The minimum  parallax value permissible trast
picture (e.g., between the key subject  for a lenticular screen type
stereoscopic pic- matter and background) is desired, c may lie  ture is
therefore:                        95 between 1 and 3. However, when the
images 45  of the objects photographed are large in com-
[err] parison to the lenticule width W  andi/or the resulting picture is to
be of low contrast, c              [err] may range from 3 to 5. In some
cases an   and even larger value of c may be acceptable. The 50  maximum
parallax values for the final picture may therefore be expressed as:
Consequenty, the minimum    permissible  100 parallax value for the images
on the negatives [err]               is:    101 9
1,445,583                                     9 



W                    involved in a stereoscopic picture, the ex- ample of
the indirect method of producing R                   pictures was used.
Since the principles of  50 parallax remain the same for a stereoscopic W
picture no matter how the picture is pro- duced, the equations (2) are
applicable to R                    the direct method as well. Although a
single and                                       three-dimensional negative
with  lineiform  55 2W                   images is produced with the direct
method (instead of a plurality of two-dimensional R
negatives), the single three-dimensional nega- tive is nevertheless exposed
at a plurality of 5     Upon comparing these equations with die  vantage
points. The number of different van-  60 equations (2) above, it may be
seen, that the  tage points may therefore be used for the lower limit of
parallax in the equations (2)  quantity N in equations (2). would be
reached if c were made equal to    In some instances with the direct
method, the single three-dimensional negative is ex- posed while the camera
is caused to scan  65 the object field in a continuous manner along a
vantage  "path". Since there are an infinite number of vantage points along
this path, 10  Accordingly, the equations (2) may be made  obviously this
number (infinity) cannot be generally applicable if the range of c is  used
as a value of N. In this case, the resolv-  70 chosen between the limits
ing power of the lenticular screen divides the continuously moving image of
the object field during exposure into a finite number of re- solution lines
on the camera negative.' This resolving power of lines per lenticule can
75 therefore be used as the number N. For to 5.0, inclusive. As explained
above, c is a  example, if the resolving power of the view- 15  function of
the photographic conditions such  ing (in camera) lenticular screen is 60
lines as the size of the object or objects to be  per lenticule element,
then N  should not photographed, the amount of light, degree of  exceed 60,
and preferably is less than 30  80 contrast, and the like, and has an,
optimum    (L/2) where the continuous scanning tech- value of 1.
nique is employed. 20    Finally, it should be noted that the total
Figures 4 and 5 illustrate the advantage of number of photographic frames N
of a  maintaining the parallax in a stereoscopic stereoscopic picture also
has an upper and a  picture at its optimum value; in particular, 85 lower
limit Since the width of the condensed  at a value such that corresponding
nearest image from each frame beneath each lenticule  foreground and
farthest background element. 25  on the photosensitive film must be at
least  images from  each successive photographic within the resolving power
of the lenticular  frame will be composed in the final picture screen, the
number of condensed images per  beneath a successive lenticule of the
lenticular 90 lenticule cannot exceed I, where L is the  screen. In Figures
4 and 5, the views of resolving power of the lenticular screen in  the
object field, including elements at posi- 30  lines per lenticule. Since,
where the parallax  tions A, K and B, as seen from five van- is at a
minimum, the number of condensed  tage points, and as photographically
recorded images per lenticule equals the number of  from each vantage
point, are superimposed  95 frames N, the number of frames should not  with
the images of the element at position exceed L
K  in alignment The effect on the final 35    For better image and colour
reproduction  stereoscopic picture, as viewed (also illus- in a
stereoscopic picture the condensed two-  trated), resulting from shifting
of foreground dimensional images should be at least two  and background
element images (e.g., [err], 100 times the width of the resolution line of
the  [err]  etc) between frames may there- viewing lenticular screen of the
final pic-  fore be readily appreciated. As may be seen 40  ture.
Therefore, the number of negative  in Figure 4, when the shifting distance
be- frames N  which are exposed preferably is  tween adjacent frames of the
image of the less than L/2. Since the minimum number  foreground element at
position A is equal to 105 of two-dimensional picture frames required  the
width W  of one lenticule, an observer to produce a three-dimensional
picture is 2,  can see that image from all angles and posi- 45  N
preferably falls in the following range:  tions of view of the final
stereoscopic pic- 



ture. However, as in Figure 5, when the [err]                   shifting
distance of the image of the fore- 110 ground element is greater than the
lenticule In the above consideration of the parallax width, the nearby
images 72 of the key sub-    10
1,445,583                                     10 ject matter and/or
background elements will    Figure 6 illustrates a typical snapshot-type
interfere with the foreground element image.  photographic situation in
which a camera 74,  60 This will obstruct the observer's vision and
capable of taking a plurality of horizontally create an out-of-focus
effect.             spaced photographs, is arranged facing to the 5     In
a low contrast picture the interfering  left and in position to photograph
the scene rays extending from the nearby images of the   depicted. In this
scene, thee is a nearest key subject matter and/or background ele-  object
(a bush) indicated generally by the ments are relatively weak. In this
case, the  reference character 76 and a farthest object parallax can be
increased to enhance the  (a tree) indicated generally by the reference 10
three-dimensional effect in the picture (e.g.  character 78. The key
subject matter of the a=3 or 4). In a high contrast picture where  scene,
the two persons indicated generally by the interfering rays are strong, the
parallax  the reference character 80, are located be-  70 value should be
kept near the optimum   tween the nearest and farthest objects 76 and (c=1)
so that these rays will not interfere  78, respectively. 15  with the
observer's vision and the three-    As explained above, in order to obtain
a dimensional picture  will appear  sharply  high quality stereoscopic
picture it is neces- focused.                                   sary for
the photographer to control the  75 The optimum  as well as the permissible
parallax between the images appearing on the range of parallax values for a
stereoscopic  negatives of the camera 74. In particular, he 20  picture
have now been derived It remains  should maintain the parallax between the
to be determined how a photographer should  images of objects 76 and 80
approximately select those variables within his immediate  equal to the
parallax   between the images of  80 and direct control so as to achieve
the proper  objects 78 and 80, and he should maintain parallax  and, in
turn, the desired picture the total parallax [err] close to, or slightly 25
quality.                                    greater than, the optimum value
At the outset, it will be noted that for each of the maximum, optimum  and
mini-                   2 mum parallax values, the value between ele-
[err] ment images at positions B and K  [err] 30   and the value between
element images at posi- tions K and A [err]  are prefer  equal.  This is
accomplished, as will be explained  85 Thus, in order to obtain a high
quality  in detail hereinafter, by relating the follow- stereoscopic
picture in which both background   ing variables (see also Figure 7): and
foreground are present: (1) a-the distance from the camera objec- 35
[err]                     tive plane to the nearest fored  element to be
photographed.                        90 It should be emphasized, however,
that not    (2) k-the distance from the camera objec- all stereoscopic
pictures include both a back-  tive plane to the key subject matter ele-
ground and foreground. In some cases, it is  ment. desirble to  photograph
key subject matter    (3) b-the distance from the camera objec- 40   which
is to lie in the plane of the picture  tive plane to the farthest
background element  95 together with only background elements or  to be
photographed objects  which are to lie behind the plane of    (4) f-the
focal length of the camera lens the picture. In this case, only the
parallax  (or lenses) value [err] need be considered so that for    (5)
a-the distance from the objective plane 45  the images obtained from the
right-most and  to the film plane of the camera.           100 left-most
vantage points, respectively:      (6) N-the number of vantage points from
which pictures are taken (or, in the case of [err]                   the
continuous scanning direct method, the number of resolution lines per
lenticule). [err]                       (7) R-the enlargement ratio of the
size  105 of the final stereoscopic picture to the size 



Similarly, it may be desirable to photo- of the camera negative or
negatives. 50   graph a scene having only key subject matter    (8) T-the
maximum  horizontal distance which is to lie in the plane of the picture
and  between the left-most vantage point and the foreground elements or
objects which are to  right-most vantage point; i.e., from one ex- 110 lie
in front of the plane of the picture.In  treme photographic vantage point
to the this case, only the parallax [err] need be con-  other. 55  sidered
so that for the right-most and left-   (9) W-the lenticule width of the
lenticular most vantage points, respectively:         screen of the final
stereoscopic picture. The value of c, which will hereinafter be  115 [err]
called the parallax factor", may also be con- sidered a "variable" under
control of the photographer.    109 11
1,445,583 The relationship of the above variables to            [err] each
other and to the values of parallax [err] or [err] and [err] will now be
derived with refer- ence to Figure 7. Figure 7 is a schematic
[err] 5   illustration similar to Figure I showing three object field
element positions A, K and B arranged on a line or principal axis 82, a
lens   Substituting the value for k' derived above  45 84 arranged with its
optical axis 86 parallel and transposing the preceding equation: to the
principal axis 82, and a film plane 10  88.
[err] It will be assumed in this case that the lens 84 is situated at the
right-most vantage point of a plurality of vantage points and that the
left-most vantage point is arranged 15  symmetrically with respect to the
principal   Assuming axis 82, so that:
k [err] and is approximately unity, as will be the case  50 [err]
in most photographic conditions, then: 20    The basic optical equation for
the con-                [err]   (ab) figuration  shown in Figure 7, where
the lens         [err]                     (4) is- focused on an element at
position K at a distance k from the lens plane is: [err]
Thus, substituting the value of parallax [err]                  given in
equations (2) above, the result is: 25   or [err]
[err] [err] Using the equations (1), (2), (3), and (4) or equations (3) and
(5), a photographer can By simple trigonometric relations, it may  choose
and control the parallax in a stereo- be seen that:
scopic picture. He will therere be assured that all the stereoscopic
pictures taken will  60 [err]              be of consisteny high quality.
To illustrate the photographic technique which may be employed by a
photographer according to the present invention, let us Te       kTf
k             assume that the photographer desires to  65 30
photograph an object field having a particu- lar key subject matter and
particular back- ground and that, in addition to the key sub- Te       kTf
k             ject matter and background, the photographer would like to
include a suitable foreground  70 



object. First, the photographer chooses a suit- able distance k between his
camera and an As explained above, the parallax values       element of the
key subject matter which he [err] and [err] should be made equal for a
would like to fall in the plane of the picture; high quality three-plane
stercopic   picture.    next he notes the distance b from his camera  75 35
Thus:                                  to the farthest element or point of
the back- ground Using equation (3) the photographer [err]
then solves for the distance a to the nearest foreground point includable
in the picture, Substituting the values derived above for  consistent with
good picture quality.  80 a' and b', it can be shown that:
Similarly, if the distances k and a or even a and b are initially known,
the photographer [err]            (3)    may solve for the unknown distance
b or k, respectively, using equation (3). 40     Now the total parallax
value at the film  Thereafter, knowing a and b as well as all 85 negative
is given by                      the variables R, c, N, f and W (any or all
of    12                                        1,445,583
12 which are subject to choice) the photographer  ground, or will be the
farthest background determines the distance T using equation (5).  element
in an object field having only key The value of c is selected from
subject matter and foreground, thedistance k should be substituted for a or
b, respectively,  55 in equation (4). That is, for a picture hav- ing only
key subject matter and background: [err] [err] 5   to 5.0, as described
above, depending upon photographic conditions such as the nature, lighting
and contrast of the object field. The photographer then proceeds to take N
equally  and for a picture having only key subject spaced photographs of
the object field with   matter and foreground:                 60 10  the
distance between the optical axes of the camera objective  in taking the
left-most                 [err] photograph and the right-most photograph
equal to T. The central photographic van- tage point should be, in this
case, on the 15  principal axis of the object field.          When
photographing the scene, the photo- Conversely, assuming that the
photographer  grapher must consider the effect of parallax has a fixed
distance T between the optical  on the picture composition. Figure 8 shows
axes of the left-most objective and the right-  the desired appearance of a
composed stereo-  65 most objective on a plural-ens camera, the  scopic
picture wherein the small and large 20  photographer may use equation (5)
to deter-  objects 90a and 90b diagrammatically de- mine one of the
distances a or b given the  picted are just within the picture area. The
other and use equation (3) to determine the  images of the large and small
objects idi- distance k.                                cated by solid
lines represent those recorded  70 If the photographer wishes to position
the  at the rigt-most vantage point, while the 25  left-most (or
right-most) vantage point on  dashed lines indicate the imaes of the
objects the prncipal axis of the object field, [err](or  recorded at the
left-most vantage point To [err]) will equal zero, so that:       assure
that all images of the objects will be within the picture area, the
photographer  75 2c                     should make certain that ample
margins (M) [err]             are included at the left and  right-hand
sides R                      of the photographic negatives relative to the
or           positions (indicated by solid lines in Figure [err]
9) of the images of 90a and 90b at the central  80 30           [err]
vantage point, so that, because of parallax, the object images in the
stereoscopic picture, as shown in Figure 8, will not extend beyond using
equations (1) and (2). Similarly, if the   the opposite sides of the
picture area. 



left-most and right-most vantage points are    One   special technique
available to a photo-  85 to be positioned arbitrarily with respect to
grapher when taking stereoscopic pictures per- the principal axis: mits
selected objects in the picture to either change position or disappear,
depending upon 2c                  the angle with which the stereoscopic
picture 35         [err]                  is viewed. For example, the
effect of dis-  90 appearing objects can be achieved as shown in Figures 10
and 11 by shooting the left- from equations (1) and (2). Given the value
most half of the N frames with the selected of [err] the distances a, b, k
and T may be  object 92 in position, and then shooting the determined in
accordance with equations (3)  right-most half of the N  frames with the
95 and (4).                                  object 92 removed. The
disappearing object 40    If the photographer desires to take a three-  92
must be  maintained within the general dimensional picture of a scene
having only  plane of the key subject matter 94. The key subject matter and
background, or key  effect of moving objects can be achieved in a subject
matter and foreground, the total  similar manner by changing the position
of 100 parallax [err] must appropriately be reduced  the selected object
when shooting the left 45  by a factor of two. In particular, one of the
half and right half of the N frames. parallax values [err] and [err]
respectively,    The present invention may be put into must be substituted
for the value [err] in the  operation as follows, and with reference to
equation (4). In addition, since the key sub-  Figures 12-22 of the
drawings. In these  105 ject matter element will bethe nearest fore-
figures, identical elements will be designated 50   ground element in the
case of an object field with identical reference characters. having only
key subject matter and ba-    Figures 12 and 13 show a plural lens    13
1,445;583                                   13 camera capable of
simultaneously taking, for  graphs are taken The step-wise movement of  65
example, from two to five pictures (N is in  the camera is most easily
accomplished by the range: 2-5). This camera is claimed    means of a
camera support assembly. This in our copending Application No. 48178/75,
support assembly (which is claimed in our 5  (Serial No. 1445585). This
camera includes a  copending Application No. 48177/75) (Serial housing or
body 96; a shutter button 98;  No 1445584), is provided with a slide and
70 tive lenses 100, 102, 104, 106 and 108 and a  has a number of scales to
guide the photo- viewing or siting device 110. In accordance  grapher in
the movement of the cameras The with the present invention, the
photographer  movements imparted to create the photo- 10  can control the
distance T between the optical  graphic sequence of the scene are carried
out axes of the left-most and the right-most  over a prescribed length of
the requisite scale, 75 .picture-taking lenses in any suitable way; for
the steps on each scale being equal so that instance:
they are equal to the scale modulus or a mul- tiple of the scale modulus.
For most scales, (1) The camera may be constructed to per-  the number of
negatives provided for is 15  mit selection  of those lenses  100-108
eleven so that the scale modulus, or step  80 through which pictures will
be taken. Thus,  distance, is the prescribed length T divided for example,
the photographer may select  by ten. A position stop mechanism is pro-
lenses 100, 102 and 104 to give [err]; or  vided to allow ease of scale
selection and he may select all lenses so that [err]. A   permit accuracy
of the camera stepping posi- 20  camera and shutter mechanism appropriate
for  tion                                   85 this purpose are described
in U.S. Patent    A camera support assembly is illustrated No. 3,852,787.
in Figures 14-19. As shown in Figure 14 (2) The camera may be constructed
to  the support assembly, indicated generally by permit expansion or
contraction of the body  the reference character 112, consists essen- 25
96 in a direction transverse to the lens axes,  tially of a base 114 which
is rigidly mounted  go thus permitting adjustment of the lateral  upon a
conventional tripod 116, The base 114 spacing between the optical axes of
the lenses  supports a slide 118 which may be stepped 100-108. Although
this expandable con-  along the length of the base 114, in a man- struction
is not illustrated in Figures 12 and  ner hereinafter more particulary
described, 30  13, it will be understood that any suitable  through
discrete and selected distances so  95 arrangement permitting an adjustable
separa-  that sequential photographs may be taken by tion of the respective
lenses may be provided.  the camera 120 of the scene under considera- 



Forexample,fiveseparate cameralenseswith  tion. The slide 118 carries a
conventional corresponding camera bodies may be slidably  universal camera
support 122 by means of 35  arranged on a common base.
which the camera 120 may be properly posi- 100 In addition to or in lieu of
means for  tioned so as to be parallel to the base 114 adjustment of the
parameter T, the camera  with its optical axis in a vertical plane per-
shown in Figures 12 and 13 may also be  pendicular to the movement of the
slide 118. constructed to permit variation of the focal  The base 114
itself is arranged in a hori- 40  length f. This adjustment would give the
zontal plane and, for this purpose, it is pro- 105 photographer added
flexibility to control the  vided with a bubble level device 184 (Figure
parallax pursuant to the equations (4) and  16) so that this disposition of
the support (5) above. As an example, each of the lenses  assembly may be
achieved 100-108 may be made interchangeable with    The support assembly
112 is shown in 45   other lenses of different focal length All of  detail
in Figures 15-19. The slide 118 in- 110 the lenses used in taking a
picture, however, cludes a platform 124 which is disposed with preferably
will have the same focal length.  clearance above the support base 114 by
Of course, it is also possible to employ  means of pairs of ball bearing
rollers 126 a number of separate cameras, instead of a  and 128 (Figure 17)
which are carried by 50  single camera housing a plurality of lenses. the
side rails 130 and 132 secured to the 115 The separate cameras may be
commonly sup-  opposite sides of the platform 124 and which ported or they
may have individual supports. engage in the grooves 134 and 136 along the
Likewise, the distance T in the plural lens  opposite side edges of the
support base 114. camera or among the plural cameras may be  As is also
shown in Figure 17, a rack mem- 55   kept the same, and control of the
parallax  ber 138 is secured to the underside of the 120 values effected by
proper selection of a, k and  support base 114 and a carrier block 140, b.
secured to the underside of the side rail 130, Instead  of using  one
camera with  a  carries a pinion shaft 142 to which is secured plurality of
lenses or a plurality of separate  a pinion 144 so that manual manipulation
of 60   cameras, it is possible to employ a conven-  the knob 146 will
traverse the slide 118 125 tional single-lens camera and to move this
longitudinally of the support base 114. A camera sequentially between a
number of slide licking screw 148 threads through  the predetermined
positions, spaced equidistantly  platform  124 and may be engaged trough
over the distance T, at which separate photo- manipulation of the knob 150
against the    14                                         1,445,583
14 upper surface of the base 114 (Figure 16)  scale is twice the modulus of
the A scale, releasably to lock the position of the slide.    and the
modulus of the D scale is three times The upper surface of the support base
114 that of the A scale.  The Ex2 and Ex4 is provided with a series of
slots 152, 154, scales have moduli respectively twice and four 5   156 and
158 within which corresponding scale  times that of the E scale, and so on
for the  70 bearing members 160, 162, 164 and 166 are  Fx2 and Gx2 scales.
received in fixed relation thereto, each of    For the scales of larger
modulus, the centre which has transverse notches therein such as  reference
points must be displaced to the those indicated by reference character 170
in  right in order to accommodate the total num- 10  Figures 17 and 18.
These notches determine  ber of exposure positions involved. Thus, for  75
the distances T and the intermediate photo-  the Gx2 scale which requires
nine negatives, graphic positions by virtue of cooperation  the extreme
left-hand position is at the scale with a pawl member 172 pivotally carried
by  depression 202 whereas its extreme right- the cross shaft 174 secured
at its opposite  hand position is at the scale depression 204. 15  ends to
the blocks 176 and 178 which, in turn,  By contrast, the extreme left-hand
position of  80 are affixed to one end of the platform 124,  the G scale
which requires eleven exposures as is shown.
is at the scale depression 206 whereas its The cross shaft 174 is provided
with  extreme right-hand position is at the scale detents or depressions
180 corresponding with  depression 208. Similarly, the extreme left- 20
each of the grooves 152-158 and the pawl  hand positions of the scales E,
Ex2 and  85 172 carries a spring-urged ball which tends  Ex4, respectively,
which require eleven ex- to centre or home in a selected one of the
posures each, are at the scale depressions 206, depressions 180 when the
tip 182 of the pawl  208 and 210 whereas their right-hand posi- rides into
each depression 170 of the selected  tions are 212, 214 and 216. 25  track.
The sides of the transverse depressions    Figures 19A  and 19B illustrate
another  go 



preferably are sufficiently steep such that the  form for the sets of
scales which may be used. tip 182 cannot ride out of a depression as  In
this case, all of the scales are separated the slide is moved to the left
Thus as the  rather than, as is the case with Figures 18A slide is stepped
from left to right, the slide  and 18B, having some of the scales doubled
30  may be moved one step and then brought  or trebled by using multiples
of the depres-  95 back toward the left until the tip 182 arrests  sions or
notches 170 The scales may be of slide movement, thus establishing an
accurate  any suitable length, and need not be related position of the
slide. The pawl 172 may also  to each other by a particular factor or mul-
be manually lifted to disengage the tip 182  tiple. Also, any suitable
number (N) of 35  and allow free movement of the slide in both  notches,
e.g nine, may be provided in the  100 directions. The modulus or spacing
between  scale the successive notches 170 in each case deter-    In any
event, the total length of any scale mines the total distance T and
provides means  (the distance T) is such, when the proper whereby  the
camera  is  positively  and  scale for a given object field is selected, as
to 40  accurately positioned in accordance with a  constran the parallax
value in the stereoscopic  105 particular scale as will be described
herein-  picture to fall within the required limits for a after.
high quality picture. Figure 18A  and 18B  illustrate various    In
operation, the photographer, knowing the tracks and scales of the support
assembly.  focal length of the camera used, the size of 45  As indicated,
there are twelve scales, namely  the original negative and the desired
final size  110 the A, B, C, D, Dx2, E, Ex2, EX4, F,  and lenticule width
of the stereoscopic pic- Fx2, G, Gx2 scales, each having a dif-  ture, and
having determined the values of ferent modulus. In the embodiment shown,
a, b and c, can determine the correct scale the centre points for the C, E,
F and G scales  to use by solving equaion (5) and matching 50   are aligned
as indicated by the dots or mark-  the T value thus determined as closely
as  115 ings 186, 188, 190 and 192, the centre mark-  possible with the T
values of the scales. ing of the D scale is displaced to the right
Alternatively, charts, which are illustrated in as indicated at 194 and the
Dx2 scale centre  Tables I and II, may be developed by routine mark is
displaced still further to the right  calculation of the distance T using
equation 55   as indicated by the reference character 196  (5) derived
above. As has been noted, for all 120 and the Ex4 and Gx2 scales
respectively  scales other than the scale Gx2, eleven have their centre
marks 198 and 200 also  frames are exposed for composition of the displaced
to the right                     stereoscopic picture (nine frames being
ex- For the particular embodiment shown in  posed for the scale Gx2) so
that N=11 (or 60   Figures 18A and 18B, each track is pro-  9) in the
equation. The parallax factor c has  125 vided with plural scales as for
example the  been chosen in the charts shown in Tables A, B, C and D
scales, each having its centre  I and II to provide an image shift due to
reference point. The scale of smallest modulus   parallax of the width of
one lenticule; i.e., is the A scale, the modulus of the B scale is  the
optimum  shift in accordance with the- 65   [err] times that of the A
scale, that of the C  principles of the present invention.     130    15
1,445,583                                                     15 [err]
16 1,445,583                                     16 [err]    17
1,445,583                                    17 The technique employed by
the photo  stereoscopic picture in a manner identical to grapher is first
to select the proper scale to  that of the camera support assembly 112. In
be used after having set up his camera in  this case, the slide 222 is
moved step-wise the proper manner described above. He does  between a
left-most position and a right-most 5   this by determining the distances a
and b-a  position these positions being spaed such  70 in accordance with
the procedure explained  that the points A, K  and B are moved 



hereinabove and choosing the appropriate  through a distance T. The value
of T, or chart corresponding to the focal length of his  more particularly
the scale which is used in camera, the negative size and desired stereo-
the movement of the slide, may be deter- 10  scopic picture size and
lenticule width. The  mined from charts, similar to the represen-  75
camera support slide 118 is then positioned  tative examples shown in
Tables I and II, at the appropriate reference point for this  prepared in
accordance with the principles of scale on the support assembly with the
the present invention. camera directed toward the object field to be    As
thus far described  the path of the 15  photographed  and  camera's
optical axis  vantage points with respect to the object field  80 aligned
with the principal axis of the object  has been linear and transverse to
the prin- field. The photographer then steps the camera  cipal axis of the
object field In certain cases, five steps to the left from the reference
point  it is desirable to make an image record from (assuming eleven
notches in the scale) and  vantage points along an arc of a circle hav- 20
also five steps to the extreme right-hand  ing position K at its centre.
This arrange-  85 position checking in both cases that the com-  ment
permits the optical axis of the camera position of the picture seen by the
camera is  to remain directed at position K  at each as he desires. When
the adjustments to the  vantage point so that the image of the ele- camera
have been made for proper angle,  ment at position K will always be focused
25  composition etc., the camera is returned to  at the same place on the
camera negative.   go the reference position and focused on the key
Figure 21 illustrates an arrangement where- subject matter of the picture.
The camera is  by a camera 226 is moved along the arc 228 next moved to the
extreme left-hand position  of a circle having position K at its centre.
for exposing the first frame. Thereafter suc-  For small angles of arc, the
equations (4) and 30  cessive frames are exposed as the camera is  (5)
yield a close approximation  of the dis-  95 stepped to the right to expose
all eleven (or  tance T. If the distance  from  the camera nine in the case
of the scale GX2) negatives,  objective to the key subject matter (thus,
the Figure 20 illustrates how objects to be  radius of the circle of arc
228) is k, then: photographed, rather than the camera, are 35  sequentially
moved between a number of                tan  [err] predetermined positions
at which sate photographs are taken The step-wise move-    Equation (3) may
still be used to deter- 100 ment of the objects is mostly easily accom,
mine the proper relative distances of the ele- plished by means of a
support assembly,  ments at positions A, K and B. 40  indicated generally
by the reference character    The relative arcuate movement of the 218,
similar or identical to the camera sup-  camera with respect to the
elements at poso- port assembly described above. The object  tions A, k and
B can also be effected by  105 support assembly thus includes a base 220
and  means of a turn (or til) table having the a slide 222 which may be
stepped alone the  key subject matter element placed at its axis 45  base
in a manner identical to the slide 118  of rotation Figure 22 illustrates
such a table in the camera support assembly described  230 spaced relative
to the camera 232. As above. The slide 222 may be constructed  will be
appreciated from the illustration, the 110 somewhat differently from the
slide 118, how-  geometry of the arrangement of Figure 22 is ever, to
permit attachment of the object or  identical to that of Figure 21 so that
the 50  objects to be photographed with foreground,  same equations apply
and: key subject matter and background elements at appropriate positions A,
K and B. When                [err] a single, large object is attached to
the slide 222 and photographed  the position K  is    The description of
the present invention  115 55  located somewhere near its centre, so that
the  is now complete. As has been emaphasized final stereoscopic picture
will convey the im-  above, it will be understood that the inven- pression
of dept.                         tion is generally applicable whenever it
is It will thus be appreciated that  thel sup-   desired to produce a
stereoscopic picture of port assembly 218 would be particularly use-  the
type employing a lenticular screen.  As 120 60  ful in studio photography
and certain types  las been pointed out, for example, the pre- of
micro-photography where the depth of  sent invention may be utilized with
either the field (b-a) of the object field and the dis-  so-called direct
or the indirect method of tance to the camera 224 are relatively short.
producing a stereoscopic picture Added flexi- In operation, the object
support assembly  bility is provided when the indirect method  125 65   218
serves to control the parallax in the final  is used because the number (N)
of vantage   
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18 points may be controlled during the Compos-  the change in parallax
value between adjacent  65 ing process. The present invention may also
vantage points is maintained within the range be utilized in all types of
photographic con-  determined by ditions, such as close-up or telescopic
photo- 5   graphy,  macro-photography,  miro-photo-                     cW
graphy or X-ray photography. For X-ray photography and electron microscopy
it may                      R be desirable to move the source of radiation
and the image receiving device (which is used  where c is within the range
of from substan- 10  to produce an image on an image intensifer  tially 1.0
to substantially 5.0.             70 screen) in addition to movement of the
3. A method according to claim 1 wherein camera, as described above In
addition, since  the total of (1) the parallax value between there are no
great variations in depth with  the key subject matter element image and
this type of photography, the distance T be-  said at least one element
image recorded at 15  tween left-most and right-most vantage points  one
endmost vantage point in said path and  75 required to obtain the optimum
parallax  (2) the parallax value between the key sub- value can be fixed so
that the angle of view  ject matter element image and said at least of the
image taking (direct method) or image  one element image recorded at the
other end- composing (indirect method) lenticular screen  most vantage
point in said path is within 20  will be the same as the angle of the
shifting  the range determined by                  80 of the camera. It
will be understood, how- ever, that the present invention remain appli-
cable to these situations as well.                       [err] WHAT WE
CLAIM IS:- 25     1. A method of obtaining an image record  where c is
within the range of from substan- of a spatial object field that is useful
in  tially 1.0 to substantially 5.0. producing a stereoscopic picture of
the type    4. A method according to claim 1 wherein incorporating a
viewing lenticular screen of  the (N) vantage points are located relative
85 lenticule width W, the stereoscopic picture to the object field such
that the parallax value 30 to include a key subject matter element image
between the key subject matter element image in the plane of the picture
and at least one of  and said at least one element image    recorded a
foreground element image seemingly in  at one endmost vantage point is
substantially front of the plane of the picture and a back-  equal to the
corresponding parallax value  90 ground element image seemingly behind the
at the other endmost vantage point 35   plane of the picture, comprising
the steps    5. A method according to claim 1 wherein of:
the parallax value between the key subject photographically  recording  an
overall  matter element image and said at least one image of the object
field through a lens of  element image, as recorded at each of the  95
focal length (f) from a plurality (N) of dif-  endmost vantage points, is
within the range 40  ferent relative vantage points aligned in a
determined by path extending generally transversely of, and in generally
uniform spaced relation to, the              cW object field; and '
[err] controlling at least one of (1) said focal 45  length (f), (2) the
distance between  adjacent ones of said plurality (N) of vantage points,
where c is within the range of from substan- (3) the enlargement ratio (R)
between the  tially 1.0 to substantially 5.0.         100 photographic
record of said object field and    6. A method according to claim 1 wherein
the stereoscopic picture, (4) the- distance (a)  the enumerated variables
are controlled gener- 50  from the path of the vantage points to the  ally
in accordance with the relationship: nearest foreground element of the
object field, (5) the distance (b) from the path of the
[err] vantage points to the farthest background ele- ment of the object
field  and (6) the distance 55  (k) from the path of the vantage points to
the key subject matter element of the object  wherein T and [err] have the
meanings here- 105 field, so as to maintain the change between  inbefore
given. adjacent vantage points in the parallax value    7. A method
according to claim 1 where- between the image of the key subject matter
in: 



60  element and the image of said at least one    the stereoscopic picture
is to include both element, as recorded at each of said adjacent  a nearest
foreground element image and a 110 vantage points, within a predetermined
range  farthest background element image; and of multiples of W/R.
the distances (k), (a) and (b) are selected 2. A method according to claim
1 wherein  such that the parallax value between the    18
1,455,583 points may be controlled during the compos-  the change in
parallax  value between adjacent  65 ing process. The present invention may
also  vantage points is maintained within the range be utilized in all
types of photographic con-  determined by ditions, such as close-up or
telescopic photo- 5   graphy,  macro-photography,  micro-photo-
cW graphy or X-ray photography. For X-ray photography and electron
microscopy it may                    R be desirable to move the source of
radiation and the image receiving device (which is used  where c is within
the range of from substan-  - 10  to produce an image on an image
intensifier  tially 1.0 to substantially 5.0.        70 screen) in addition
to movement of the    3. A method according to claim 1 wherein camera, as
described above. In addition, since  the total of (1) the parallax value
between there are no great variations in depth with  the key subject matter
element image and this type of photography, the distance T be-  said at
least one element image recorded at 15  tween left-most and right-most
vantage points  one endmost vantage point in said path and  75 required to
obtain the optimum  parallax  (2) the parallax value between the key sub-
value can be fixed so that the angle of view  ject matter element image and
said at least of the image taking (direct method) or image  one element
image recorded at the other end- composing (indirect method) lenticular
screen  most vantage point in said path is within 20   will be the same as
the angle of the shifting  the range determined by               80 of the
camera. It will be understood, how ever, that the present invention remain
appli-            cW cable to these situations as well.
[err] WHAT WE CLAIM IS:- 25     1. A method of obtaining an image record
where c is within the range of from substan- of a spatial object field that
is useful in  tially 1.0 to substantially 5.0. producing a stereoscopic
picture of the type    4. A method according to claim 1 wherein
incorporating a viewing lenticular screen of  the (N) vantage points are
located relative  85 lenticule width W, the stereoscopic picture  to the
object field such that the parallax value 30  to include a key subject
matter element image  between the key subject matter element image in the
plane of the picture and at least one of  and said at least. one element
image recorded a foreground element image seemingly in  at one endmost
vantage point is substantially front of the plane of the picture and a
back-  equal to the corresponding parallax value  90 ground element image
seemingly behind the  at the other endmost vantage point. 35  plane of the
picture, comprising the steps    5. A method according to claim 1 wherein
of:                                       the parallax  value between the
key subject photographically  recording  an  overall  matter element image
and said at least one image of the object field through a lens of  element
image, as recorded at each of the  95 focal length (f) from a plurality (N)
of dif-  endmost vantage points, is within the range 40  ferent relative
vantage points aligned in a  determined by path extending generally
transversely of, and in generally uniform spaced relation to, the
[err] object field; and controlling at least one of (1) said focal 45
length (f), (2) the distance between adjacent ones of said plurality (N) of
vantage points,  where c is within the range of from substan- (3) the
enlargement ratio (R) between the  tially 1.0 to substantially 5.0.
100 photographic record of said object field and    6. A method according
to claim 1 wherein the stereoscopic picture, (4) the distance (a)  the
enumerated variables are controlled gener- 50  from the path of the vantage
points to the  ally in accordance with the relationship: nearest foreground
element of the object field, (5) the distance (b) from  the path of the
[err] 



vantage points to the farthest background ele- ment of the object field,
and (6) the distance               [err] 55  (k) from the path of the
vantage points to the key subject matter element of the object  wherein T
and [err] have the meanings here- 105 field, so as to maintain the change
between  inbefore given. adjacent vantage points in the parallax value
7. A method according to claim 1 where- between the image of the key
subject matter  in: 60  element and the image of said at least one    the
stereoscopic picture is to include both element, as recorded at each of
said adjacent a nearest foreground element image and a 110 vantage points,
within a predetermined range  farthest background element image; and of
multiples of W/R.                        the distances (k), (a) and (b) are
selected 2. A method according to claim 1 wherein  such that the parallax
value between the    19                                        1,445,583
19 key subject matter element image and the  negatives and said
photosensitive surface, (4) nearest foreground element image recorded  the
distance (a) from the path of the van- at each of said vantage points is
substantially tage points to the nearest foreground element 60 equal to the
parallax value between the key of the object field, (5) the distance (b)
from 5 subject matter element image and the farthest the path of the
vantage points to the farthest background element image recorded at the
background element of the object field, (6) vantage point
the distance (k) from the path of the vantage 8. A method according to
claim 7 wherein  points to the key subject matter element of  65 the
distances (k), (a) and (b) are selected the object field, (7) the number of
said 10   according to the relationship:             plurality (N) of
negatives employed in ex- posing the photosensitive surface, and (8) the k
k                    lenticule width W, so as to maintain the change
between adjacent vantage points in  70 the parallax value between the image
of the key subject matter element and the image 9. A method according to
claim 1 wherein of said at least one element, as projected the stereoscopic
picture is to include both a through said lenticular screen from the nega-
nearest foreground element image and a  tive obtained at each of said
adjacent van-  75 15 farthest background element image; and the tage
points, within a predetermined range of change in parallax value between
the key multiples of W. subject matter element image and the nearest    11.
A method according to claim 10 where- foreground element image and the
change in in the change in said parallax value between the parallax value
between the key subject  adjacent vantage  points is within the range  80
20   matter element image and the farthest back-  determined by cW, where c
is within the ground element image, as recorded at each  range of from
substantially 1.0 to substan- of said adjacent vantage points, are each
tially 5.0. within the range determned by               12. A method
according to claim 10 or 11 wherein the (N) vantage points are located 85
[err]                 relative to the object field such that the parallax
value between the key subject matter element image and said at least one
element image, as projected through said overlying 25  where c is within
the range of from  sub-  lenticular screen from the negative obtained  90
stantially 1.0 to substantially 5.0.       at one endmost vantage point, is
substan- 10. A method of producing a stereoscopic tially equal to the
parallax value between the picture of a spatial object field of he type key
subject matter element image and said incorporating a viewing lenticular
screen, the at least one element image, as projected 30   picture having
the image of a key subject  through said overlying lenticular screen from
95 matter element of the object field in the plane the negative obtained at
the other endmost thereof and at least one of an image of a vantage point.
foreground element of the object fid and     13. A method according to
claim 10 where- an image of a background element of the  in: 35   object
field, comprising the steps of:       the stereoscopic picture is to
include both  100 obtaining a plurality (N) of negatives by  a nearest
foreground element image and a photographing the object field through a
lens farthest background element image; and 



of focal length (f) from  a corresponding            the distances (k), (a)
and (b) are selected plurality (N) of different relative vantage    such
that the parallax value between the key 40   points aligned in a path
ding generally       subject matter element image and the nearest 105
transversely of, and in generally uniform foreground element image, as
projected spaced relation to, the object field;      through said overlying
lenticular screen from exposing a photosensitive surface by pro- the
negative obtained at each vantage point, jecting the object field image on
each nega- is substantially equal to the parallax value 45  tive through a
lenticular scree  of lenticule  between the key subject matter element
image 110 width W with the projected image from each and the farthest
background element image, negative of the key subject matter element of  as
projected through said overlying lenticular the object field in registry
with a reference screen from the same negative. point, the lenticular
screen being positioned  14. A method according to claim 13 where- 50  in
overlying relation to the photosensitive sur-  in the distances k, a, and b
are selected accor- 115 face such that the photosensitive surface is  ding
to the relationship: substantially at the focal plane of the len- ticular
screen; and controlling at least one of (1) said focal               [err]
55  length (f),  (2) the distance between adjacent ones of said plurality
(N) of vantage points, (3) the enlargement ratio (R) between the    15. A
method according to claim 10 where-    20
1,445,583                                    20 in the total [err] of (1)
the parallax value  farthest background element image; and the between the
key subject matter element image  change in the parallax value between the
key and the nearest foreground element image and  subject matter element
image and the nearest (2) the parallax value between the key sub-
foreground element image and the change in  25 5   ject matter element
image and the farthest the parallax value between the key subject
background  element image, as projected  matter element image and the
farthest back- through said overlying lenticular screen from  ground
element image, as recorded at each the negative obtained at each endmost
van- of said adjacent vantage points, are each with- tage point, is within
the range determined by  in the range determined by cW, where c is  30 10
cW(N-1), where c is within the range of within the range of from
substantially 1.0 to from substantially 1.0 to substantially 5.0.
substantially 5.0. 16. A method  according to claim 10 where-   18. A
method of obtaining an image record in the enumerated variables are
controlled  according to claim  1 and substantially as generally in
accordance with the relation- hereinbefore described with reference to the
35 15   ship:                                     accompanying drawings.
19. A method of producing a stereoscopic [err]                picture
according to claim  10 and substan- T=                           tially as
hereinbefore described with reference [err]                to the
accompanying drawings.              40 wherein T and XT- have the meanings
here-            For the Applicants, inbefore given.
CARPMAELS & RANSFORD, 17. A method according to claim 10 where-
Chartered Patent Agents, 20  in the stereoscopic picture is to include both
43 Bloomsbury Square, a nearest foreground element image and a
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