PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
. International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification  :

GO3B 35/08, 35/14 Al

(11) International Publication Number:

(43) International Publication Date:

WO 94/28463

8 December 1994 (08.12.94)

A

(21) International Application Number: PCT/US94/06043

(22) International Filing Date: 27 May 1994 (27.05.94)

(30) Priority Data:

08/069,286 Us

28 May 1993 (28.05.93)

(71) Applicant: IMAGE TECHNOLOGY INTERNAT]ONAL,
INC. [US/US]; 5172-G Brook Hollow Parkway, Norcross,
GA 30071 (US).

(72) Inventor: LAM, Nicholas, L.; Unit B, Hop Shi Factory
Building, 8th floor, 29 Lee Chung Street, Chai-Wan (HK).

(74) Agent: MARQUIS, Harold, L.; Deveau, Colton & Marquis,
Suite 1400, Two Midtown Plaza, 1360 Peachtree Street,
NE., Atlanta, GA 30309 (US). '

(81) Designated States: AU, BR, CA, CN, CZ, FI, HU, IP, KP,
KR, NO, RU, SK, European patent (AT, BE, CH, DE, DK,
ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.
With amended claims.

(54) Title: 3D PRINTER WITH DIRECT KEY-SUBJECT ALIGNMENT

(57) Abstract

A 3D printer which uses a beamsplitter or a mirror (64)
to form a reflected image (171) which is a mirror image of the
actual image (71) exposed on the print material (62). A CCD
detector array (85) is placed on the reflected image plane to
monitor key-subject registration. The beamsplitter or mirror
(64) is physically linked to the print material cassette (60) so
that the CCD detector array (85) shares the same projected
image that is exposed on the print material regardless of
the printing position. With such an approach, the CCD
detector array (85) can directly detect any off-alignment due
to mechanical errors or distortion/aberration of the projection
lens (50).




applications under the PCT.
AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso
BG Bulgaria

BJ Beain

BR Brazil

BY Belarus

CA Canada

CF  Central African Republic
CG Congo

CH Switzerland
CI Cbte d'Ivoire
CM Cameroon

CN China

(o] Czechoslovakia
CZ  Czech Republic
DE Germany

DK Denmark

ES  Span

FI Finland

FR France

GA Gabon

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

SEEEESEREEE BERNVAHE

2288

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Malawi
Niger
Netherlands
Norway
New Zealand

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Tajikistan
Trinidad and Tobago
United States of America

Viet Nam

—




WO 94/28463

10

15

20

25

30

1

3D PRINTER WITH DIRECT KEY-SUBJECT ALIGNMENT

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates generally to 3D photography, and more
speciﬁcz;lly to a 3D printer which projects a set of 2D images onto a lenticulated print
material to form a composite 3D photograph.
2. Prior Art
In lenticular-type three-dimensional (3D) photography, the basic process

involves taking éplurality of two-dimensional (2D) views from a number of

 horizontally-spaced vantage points and compressing these 2D views onto each of the

lenticules on a lenticulated print material to form a 3D coniposite image of the scene.
The baéic process of producing a lenticular type 3D photograph has been discussed in
detailed in a number of patents, notably U.S. Patent No. 3,482,913 (Glenn), No.
3,895,867 (Lo et al.), No. 4,120,562 (Lo et al.), No. 4,101,210 (Lo). The book
entitled "Three-Dimensional Imaging Techniques" (1978) by T. Okoshi,
"Stereoscopy" (Focal Press, 1966) by N.A. Valyus, and the chapter in "Applied Optics
and Optical Engineering” (R. Kingslake, Ed., 1965) writtsn by Dudley are also of
interest. |

When composing a 3D photograph, two basic procedures must be carried out

to ensure a good result: 1) the selection of a "key-subject” on an image, and 2) the

~ alignment of the key-subject in each view. The selection and alignment of the key-

subject have also been disclosed in a number of patents, notably U.S. No. 3,895,867
(Lo), No. 4,903,069 (Lam) and No. 5,028,950 (Fritsch).

The key-subject methods disclosed in the past can be divided into two
categories: 1) visual alignment manually carried out by an operator, or 2) automatic

alignment using an image matching technique to find out the relative locations of key

_ subject in the 2D views. In the automatic key subject alignment methods in the past,

the determination of key subject location is carried out in one part of the printer and
then this location information is conveyed to another part of the printer for adjusting

the 2D images to effect registration. In this type of indirect alignment approach, the
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actually registration of projected images on the print material is ndt checked to ensure
a good result. '

It is advantageous to use a direct approach in a printer wherein the actual
alignment is carried out at the time the 2D views are exposed onto the print material.
It is the provision of such a printer that the present invention is primarily directed.

SUMMARY OF THE INVENTION

Briefly described, in a first preferred form the invention comprises a single
stage 3-D printer for printing an image array on a photosensitive surfacé ofa
lenticular print film from a set of 2-D frames of negative images, each of the 2-D
frames having a selected key-subject. The printer comprises film support means for
supporting the lenticular print film at a print film location and illumination means for
projecting the negative images along a projection path for each image. A positioning
means is provided for positioning first and subsequent 2-D images at a printing
position along the projection path for each image. Further, means are provided for
capturing the location of the key-subject for each image projected along its projection
path for the comparison of the location of the key-subject for the first and subsequent
2-D frames. The means for capturing can take various forms such as a beamsplitter
fixedly positioned along the projection path, or a mirror r;;ounted for movement
between a first orieﬁtation positioned along the projection paths and a second
orientation swung out of the way, or a detector means mounted for movement between
a first position along the projection path and located over the print film location and a
second position swung out of the way.

The present invention éllows the capture of the location of the key-subject
along the projection paths and records its location relative to the rest of the 2-D frame
and stores that location information. The stored key-subject information then is
compared with key subject location information for a subsequent 2-D frame and the 2-
D frame is then moved slightly relative to the print film until the two key-subject
locations are in complete registration. The invention has the notable advantage of
effecting this registration directly at the printing position so that no error is introduced

by moving the 2-D frame to the printing position. In this regard, the registration is
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effected in a direct manner, rather than in an indirect or predicted manner according to
the known prior art. '

In another preferred form, the invention comprises a method for printing an
image array on a photo sensitive lenticular print film from a set of 2-D frames of
negative images, each of the 2-D frames having a selected key subject. The method is
carried out in a single-stage, direct manner and includes the steps of positioning the
negative at a first printing position for printing a first 2-D frame and detecting and
recording the location of the selected key-subject on the first 2-D frame with the first
2-D frame at the first printing position. After printing at this first position, the
negative is moved relative to the print film to a subsequent printing position. The
method also includes the steps of detecting the location of the selected key subject on
the subsequent 2-D frame with the subsequent 2-D frame at the second printing
position and comparing the detected location of the key-subject for the subsequent 2-
D frame with the stored location of the key-subject on the first 2-D frame. A small
adjustment or movement in the negative relative to the print film is then controlled in
response to the comparison of the locations of the key-subject on the 2-D frames to
effect close registration of the key-subject.

The method and apparatus according to the inventi_?n provide superior results
over the known art in that the invention obtains very accu;ate and precise registration
of the key-subject. Also, only minimal human input is required, while at the same
time obtaining good registration in every or nearly every instance.

Accordingly, it is an object of the present invention to‘ provide a method and
apparatus for printing 3-D photographic film which obtains accurate and precise
registration of the key-subject.

It is another object of the present invention to provide a method and apparatus
of printing 3-D photographic film which obtains excellent key-subject registration,
while requiring only minimal human input.

It is another object of the present invention to provide a method and apparatus
for printing 3-D photographic film which ensures good registration of key-subject

with confidence.
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It is another object of the present invention to provide a method and apparatus
for printing 3-D photographic film which is simple and durable in operation.

These and other objects, features, and advantages of the present invention will
become apparent upon reading the following specification in conjunction with the
accompanying drawing figures.

BRIEF DE PTION OF THE DRAWINGS

‘FIG. 1 is a schematic illustration of a preferred embodiment 3D printer
according to a preferred form of the present invention.

FIG. 2 is a schematic illustration of a portion of the 3D printer of FIG. 1,
showing a print material cassette on which a beamsplitter and a CCD array are
mounted.l'

FIGS. 3-5 are schematic illustrations of a portion of the 3D printer of FIG. 1,
whereiﬁ:

FIG. 3 shows the positions of the negative carrier, the projection lens and the
print material in relation to the lamphouse when the printer is in a position for
exposing the first 2D negative;

FIG. 4 shows the positions of the negative carrier, the projection lens, and the
print material in relation to the lamphouse when thelprintgr is in a position for
exposing the second 2D negative; and

FIG. 5 shows the positions of the negative carrier, the projection lens, and the

print material in relation to the lamphouse when the printer is in a position for

_ exposing the third 2D negative.

FIG. 6 is a schematic illustration of a portion of the 3D printer of FIG. 1 and
shows the positions of the 2D negatives and the projection lens in relation to the print
material when the printer is in three different exposure positions. FIG. 6 also shows
the image formed by the beamsplitter. |

FIG. 7 is a schematic illustration of a portion of the 3D printer of FIG. 1 and

_ shows a CCD detector array used to detect the off-alignment of key-subject between

the projected images of different 2D frames.
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FIG. 8 is a schematic illustration of a portion of the 3D printer of FIG. 1 in a
first modified form wherein an optical compensator is used to compensate the key-
subject off-alignment due to refraction by the beamsplitter. -

FIG. 9 is a schematic illustration of a portion of the 3D printer of FIG. 1ina
second modified form wherein an optical compensator is used to compensate the key-
subject off-alignment due to refraction by the beamsplitter.

FIG. 10 is a schematic illustration of a portion of the 3D printer of FIG. 1 in a
third modified form wherein an optical compensator is used to compensate the key-
subject off-alignment due to refraction by the beamsplitter.

FIG. 11 is a schematic illustration of a 3D printer in another preferred form
wherein a flip mirror is used to substitute for the beamsplitter and another flip mirror
substitutes for a fixed mirror.

FIG. 12 is a schematic i11ustrati6n of a 3D printer in yet another preferred form
wherein a video camera views the first 2D negative through a plaﬁe, first-surface
mirror from an oblique angle.

DETAILED D RIP N PREF D EMBODIME

Referring now in detail to the drawing figures, wherein like reference numerals
represent like partskthroughout the several views, FIG. 1 sghematically depicts a
preferred embodiment of the 3D printer according to the I;resent invention. InFIG. 1,
numeral 10 denotes a lamphouse, numeral 20 denotes a movable negative carrier on
which a negative mount 24 is used to engage a set of 2D negatives in a proper position
during a printing cycle. The negative mount has three openings 21, 22, and 23,
matching the three 2D frames of a negative set for c'omposing a 3D photograph. The
negative carrier is driven by two stepping motors 28 and 29 so its position can be
adjusted in the Y and X directions.

Numeral 45 denotes a video camera which views the first 2D negative through
a plane, first-surface mirror 41 at the beginning of a printing cycle and presents a full
frame view on a monitor 97. This first 2D image allows the human operator to select
the key-subject and to determine how the picture is to be cropped. This image also is
digitized and channeled to the computer 98 for color/density analysis. After the
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picture is cropped, the video camera and the mirror move out of the way so that they
do not obstruct the view of projection lens 50 for the rest of the printing cycle. "

Numerals 48 and 49 denote, respectively, an adjustable aperture and a shutter.
Shutter 49 is the primary shutter which controls the exposure time. In this preferred
embodiment, the projection lens 50 is mounted in a fixed position on the printer.
Numeral 60 denotes the print material cassette on which a section of print material 70
is exposed for printing. The print material is shielded by a secondary shutter 62
against light except at the times for exposure. The surface of the print material 70 also
is the image plane of the projection lens 50. The print material cassette 60 is driven
by a stepping motor 69 along the X direction to different exposure positions.

Numeral 64 denotes a beamsplitter positioned along a projection or
illumination path 55, which beamsplitter splits a light beam into a transmitted portion
and a reflected portion, forming an image on the print material 70 and a mirror image
on image plane 84. Numeral 80 denotes a two-dimensional translation stage on which
a CCD detector array 85 is mounted. The translation stage 80 is driven by two
stepping motors so that the CCD array can move around and reach a large part of the
image on the reflected image plane 84. The CCD array, together with the beamsplitter
64, is used to capture the image area of the key-subject and surrounding area on each
2D frame and channel the image data, via a frame grabbe;, to the computer 98 for key-
subject alignment computation.

Numeral 99 denotes a trackball which is used by the operator to select key-
subject and to crop a picture (using video camera 45). In FIG. 1, the XY plane of the
printer is parallel to the print material 70 and the Y direction is parallel to the
lenticules on the brint material. In order to eliminate any errors in key-subject
registration due to the image displacement by the beamsplitter due to refraction, the
beamsplitter 64 should be very thin.

FIG. 2 is a schematic illustration of the print material cassette 60 with more
details. As shown, the beamsplitter 64 is mounted on the cassetté at a fixed position.
The CCD array 85 is mounted on a two-dimensional translation stage 80 which
includes an upright base 81 fixedly mounted to the cassette 60. A first movable

element 82 is movably mounted to upright base 81 and a second movable element 83
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is movably mounted to the first movable element 82. Numerals 88 and 89 denote two
stepper motors that drive the movable elements 82, 83 of the translation stage 80 in
the X and Z directions, respectively.

Printing a 3D photograph from a set of 2D negatives involves many steps. All
these steps are collectively referred to as a printing cycle. In particular, when a 3D
photograph is composed from a set of three 2D negatives, the printing cycle involves
the exposure of three 2D negatives at three different projection angles relative to the
print material, as shown in FIGS. 3 to 3. |

FIG. 3 shows the positions of the negative mount 24, the projection lens 50,
and the print material 70 in relation to the lamphouse 10 when the printer is in the
position for editing and exposing the first 2D frame of the negative set. The negative
is engaged on the negative mount 24 such that the first, second, and third 2D frames
of a negative set line up with openings 21, 22, and 23 on the mount. In this first
i)osition, the first 2D frame lined up with opening 21 is adjacent the printing position
25. InFIG. 3, dotted line 101 represents the projection path incident upon print
material 70 at a projection angle 111, at which angle the first 2D negative is exposed
to the print material 70. The center of print material is denoted by numeral 72.

_ FIG. 4 shows the positions of negative mount 24, ;the projection lens 50, and
the print material 70 in relation to the lamphouse 10 whe;1 the printer is in the position
for exposing the second 2D negative. In this second position, the second 2D frame
lined up with opening 22 is adjacent the printing position 25. In FIG. 4, dotted line
102 represents the projection path incident upon print material 70 at a projection angle
112, at which angle the second 2D negative is exposed to the print material 70.

FIG. 5 shows the positions of negative mount 24, the projection lens 50, and
the print material cassette 70 in relation to the lamphouse 10 when the printer is in the
position for exposing the third 2D negative. In this third position, the third 2D frame
lined up with opening 23 is adjacent the printing position 25. In FIG. 5, dotted line
103 represents the projection path incident upon print material 70 at a projection angle
113, at which angle the third 2D negative is exposed to the print material 70.

FIG. 6 shows the positions of three 2D frames and the proj ection lens in

relation to the print material cassette when the printer is in different exposure
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positions. The positions of the 2D frames are denoted by numerals 31, 32, and 33 and
the corresponding projection paths are denoted by numerals 101, 102, and 103.
Because the beamsplitter 64 is mounted on the print material cassette, its position, in
relation to the print material, is always the same. The image formed on the print -
material 70 is denoted by numeral 71, while the image formed on the reflected image
plane 84 is denoted by numeral 171. Image 171 is formed by part of the projected
image 71 that is reflected by the beamsplitter 64. The centers of images 71 and 171
are denoted by numerals 72 and 172. The reflected image 171 is a mirror image of the
transmitted image 71. These two images are identical except that one is the reverse of
the other, regardless of the projection angles.

FIG. 7 shows the relation between the key-subject 73 on image 71 formed on
the print material 70 and the key-subject 173 on image 171 formed on the reflected
image plane 84 shown in FIG. 1. The CCD detector array 85 is positioned at a fixed
location around the key-subject 173 at different exposure positioﬁs. Because image'
171 is a mirror image of the image 71, any off-alignment on the key-subject 73 at
different exposure positions is detected by the CCD array 85. The image data
acquired by the CCD array is channeled to the computer 98 which, in turn, adjusts the
negative carrier 20 so that the off-alignment is corrected 2ccordingly. Thus, when the
CCD detector array 85 does not see any off-alignment, kéy-subject registration on the
3D photograph is satisfactory. Again, the beamsplitter 64 used to form the mirror
image should be very thin so that the refraction occurring when light is transmitted
through the beamsplitter does not cause noticeable errors in key-subject registration.

It should be noted that, when a beamsplitter is used to reflect part of the
projected image onto the CCD detector array, the transmitted image is slightly
displaced by the beamsplitter. This displacement is caused by the refraction by the
beamsplitter as light traverses from one medium to another. In order to avoid any
noticeable errors in key-subject registration due to image displacement, a very thin
beamsplitter should be used, such as a pellicle beamsplitter. Alternatively, an optical
path compensator can be provided along with a regular beamsplitter so that

displacements on the transmitted image and on the reflected image are equal.
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FIG. 8 shows an arrangement for eliminating the errors in key-subject
registration due to refraction by the beamsplitter 64. As shown in FIG. 8, an optical
path compensator 65 can be used along with bemnspljﬂer 64 so that the displacement
amount in the reflected image 171 is equal to that in the transmitted image 71. An
optical path compensator 65 is an optical substrate which is identical (e.g., has an
equal thickness and index of refraction) to the beamsplitter except that the
compensation 65 is not coated for reflection. In FIG. 8, numeral 180 denotes a
projection path of a light ray from the projection lens 50. Part of the light intensity is
reflected to become light ray 190. After light ray 180 traverses the beamsplitter 64, it
is displaced slightly and the displaced ray is denoted by numeral 181. Similarly, after
light ray 190 traverses the compensator 65, it is displaced slightly and the displaced
ray is denoted by numeral 191. If the thickness and the refractive index of the
compensator are identical to those of the beamsplitter, then the displacement amounts
will be the same. The dotted lines show the undisplaced paths.

FIG. 9 shows another arrangement for eliminating the errors in key-subject
registration due to the refraction by the beamsplitter 64. As shown in FIG. 9, an
optical path compensator 65 is placed on top of a beamsplitter 64 so that the
displacement amount in the reflected image 171 is equal ‘o that in the transmitted
image 71. The optical path compensator 65 is an optical Substrate which is identical
to the beamsplitter except that substrate is not coated for reflection. In order to
eliminate unnecessary reflections, the beamsplitter and the optical compensator are
coated with anti-reflection coating at proper surfaces as denoted by numeral 57. The
reflecting surface of the bcaxﬂsplitter is denoted by numeral 58. In FIG. 9, numeral
180 denotes a light ray from the projection lens 50. After light ray 180 traverses the
beamsplitter 64 and the optical compensator 65, the reflected ray and the transmitted
ray are displaced slightly as denoted by numeral 191 and numeral 181, respectively.
If the thickness and the refractive index of the compensator are identical to those of
the beamsplitter, then the displacement amounts will be the same. The dotted lines
show the undisplaced paths.

FIG. 10 shows yet another arrangement for eliminating the errors iﬂ key-

subject registration due to the refraction by the beamsplitter 64. As shown in FIG. 10,
| SUBSTITUTE SHEET (RULE 26)
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an optical path compensator 65 is placed underneath beamsplitter 64 so that the
displacement amount in the reflected image 171 is equal to that in the transmitted
image 71. The optical path compensator 65 is an optical substrate which is identical
to the beamsplitter except that substrate is not coated for reflection. In order to
eliminate unnecessary reflections, the beamsplitter and the optical compensator are
coated with antireflection coating at proper surfaces as denoted by numeral 57. The
reflecting surface of the beamsplitter is denoted by numeral 58. In FIG. 10, numeral
180 denotes a light ray from the projection lens 50. After light ray 180 traverses the
beamsplitter 64 and the optical compensator 65, the reflected ray and the transmitted
ray are displaced slightly as denoted by numeral 191 and numeral 181, respectively.
If the thickness and the refractive index of the compensator are identical to those of
the beamsplitter, then the displaéement amounts will be the same. The dotted lines

show the undisplaced paths.

As shown in FIG. 11, a plane mirror 66 can be used to substitute for both the
beamsplitter 64 and the secondary shutter 62 shown in FIG. 1. For example, a plane,
first-surface or front-coated mirror 66 is used in place of the beamsplitter to form an
image on the reflected image plane 84 so that the CCD array 85 can monitor the off-
alignment of the key-subject. But when it is time for exposure, mirror 66 flips to
another position denoted by numeral 67 so that the projected image is formed on the
print material 70. Likewise, a flipping mirror 42 can be used to substitute for the
fixed mirror 41 shown in FIG. 1 so that the video camera 45 can take a full view of

the first 2D frame. After the picture is cropped and key-subject selected, mirror 42

flips to another position 43 so that it does not obstruct the view by the projection lens

50.

FIG. 12 shows another arrangeinent for setting up the video camera 45. As
shown, the video camera views the first 2D frame via a plane, first-surface mirror 44
at an oblique angle.

In composing a 3D photograph, it is required that different 2D views are
projected at different angles. Consequently, the relative positions of the 2D negatives,
the projection lens, and the print material must be mechanically shifted to different

locations. Notwithstanding, the reflected image is always a mirror image of the image
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projected on the print material, because the CCD array and the beamsplitter are
physically linked to the print material cassette at fixed locations throughout different
printing positions. Thus, the CCD array sees exactly how the key-subject is registered
when different 2D negatives are projected on the print material, regardless of the
projection angles. Using an image comparison algorithm, a computer corrects any
errors in key-subject registration sensed by the CCD detector array.

In the first embodiment disclosed herein, the printer uses a beamsplitter to
provide the CCD array a mirror image of the image projected on the print material.
With such an approach, the CCD array is always in registration with the priht
material, regardless of the printing position. At the beginning of a printing cycle, a
video caniera takes a full image of the first 2D frame for key-subject selection and
other purposes such as picture cropping and color analysis. After the key-subject is
selected, the CCD array moves to the key-subject location and remains stationary for
the rest of the printing cycle. Through the beamsplitter, the CCD array shares the key-
subject image with the print material. The key-subject image of each 2D frame is
captured and channeled to the computer for key-subject alignment. Using an image
comparison algorithm, the computer quantifies the errors in key-subject registration
between 2D frames and then corrects the errors by adjusting the positions of the 2D
negatives. This key-subject alignment process can be rep;ated until a satisfactory
registration is achieved.

PERATI

In use, the invention is operated as follows. Negati\"es are placed in the
negative mount 24 (see FIG. 1) for initial editing and cropping using video camera 45.
Also, video camera 45, computer 98, and monitor 97 are used to identify (select) the
key-subject in the first 2D frame. Once the key-subject is identified, its location can
be ascertained using the beamsplitter 64 and the CCD array 85. This location

information then is stored in the computer 98 for later comparison. The first 2D frame

s then ready for printing, as shown in FIG. 3.

After printing the first 2D frame, the negative carrier 20 is moved by the
stepping motor 29 to bring the second 2D frame to the printing_ station 25 for printing,
as shown in FIG. 4. The print material cassette 60 is driven by stepping motor 69

SUBSTITUTE SHEET (RULE 26)

PCT/US94/06043



10

15

20

25

30

WO 94/28463 PCT/US94/06043 -

12
prior to printing (or prior to obtaining registration) to change the projection angle.
Compare FIGS. 3 and 4. However, prior to printing the second 2D frame, the location
of the key-subject of the second frame is captured using beamsplitter 64 and CCD
array 85 and then is compared with the stored information about the location of the
key-subject in the first 2D frame. Based on the comparison, the computer 98 controls
operation of the stepping motors 28 and 29 to adjust the position of the second 2D
frame to obtain good and precise registration of the key-subject between the first and
second 2D frames. Once registration is obtained, the second 2D frameiis then ready
for print. The second 2D frame then is exposed (printed) on the lenticular print film
material 70. Registration and printing of the third 2D frame is carried out
substantially as for the second 2D frame.

In the preferred embodiments of the 3D printer according to the present
invention disclosed herein, the projection lens is mounted in a fixed position in the
printer while the negative carrier and the print material cassette move to different
positions for the exposure of a number of 2D negatives at different projection angles.
However, because the positions of the projection lens, the negative carrier, and the
print material cassette are all relative, any two of the three components can be chosen
to move within a printing cycle.

CCD array 85 is disclosed as being of limited sizc; and mounted for movement
via translation stage 80 in order to effectively cover the entire projected image while
at the same time minimizing the total number of computations needed to compare the
locations of the key-subject for the 2D frames. Alternatively, the CCD array can be
made much larger, doing away with the need for the translation stage 80. Such a large
CCD array could also be used for cropping of the image and selection of the key-
subject, eliminating the need for video camera 45. In vitalizing such a large CCD
array, computations can be kept to a minimum by only comparing information within
a given smaller area positioned about the key-subject. In other words, the entire array
would be used for editing, cropping, and key-subject selection, and only a portion of
the array would be used for key-subjection location comparisons.

The principle of 3D printing concerning the printer according to thé present

invention has been described in reference to the composing of a 3D photograph from a
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set of three 2D views. The same principle is, in general, applicablé to the composing
-of a 3D photograph from a set of 2D views with only two frames or more than three

frames.
While the present invention has been disclosed in preferred forms, it will be
obvious to those skilled in the art that many modiﬁcations, additions, and deletions

can be made therein without departing from the spirit and scope of the invention as set

forth in the appended claims.
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WHAT IS CLAIMED IS:
1. A 3D printer for printing 3D photographs on lenticulated print material from a
plurality of 2D image frames each of which having a selected key subject, said printer
comprising:

a projection lens for projecting each of said 2D images along a projection path
onto said print material positioned in the image plane of said printer;

positioning means for positioning the first and subsequent 2D frames at a
printing position;

movement means for moving said projection lens and said print material to
different positions in relation to said printing position for exposing each 2D image at a
different projection angle;

reflection means located along said projection path for reflecting each
projected image to form a reflected image on a reflected image plane;

image capturing means located on said reflected image plane for capturing said
reflected images;

movable mounting means for mounting said image capturing means and
moving said image capturing means to an approximate location of the key subject on
said reflected images for capturing the key subject imaggf on the first and subsequent
2D frames; and |

electronic comparison and control means for storing and comparing said key
subject images.
2. A 3D printer of Claim 1, wherein said reflection means comprises a
beamsplitter.
3. A 3D printer of Claim 2, wherein said reflection means further comprises an
optical path compensator for equalizing displacement of light path caused by said
beamsplitter.
4. A 3D printer of Claim 1, wherein said reflection means comprises a mirror
mounted for movement between a first configuration for reflecting said projected
images and a second configuration for clearing said projection paths thereby allowing

projected images to expose on said print material unobscured.
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5. A 3D printer of Claim 1, wherein said electronic comparison and control
means controls movement of said positioning means relative to said print material to
effect registration of key subject on the reflected images while one of said 2D frames
is adjacent said printing position.
6. A 3D printer of Claim 1, wherein said image capturing means comprises a
CCD array sensor.
7. A 3D printer for printing 3D photographs on lenticulated print material from a
plurality of 2D image frames recorded on film, each of said 2D image frames having a
selected key subject, said printer comprising

movable support means for supporting said film for movement between a first
position adjacent a printing position for printing the first 2D frame and at least one
subsequent position adjacent said printing position for printing a subsequent 2D
frame; | '

detection means for detecting and storing the image of a selected key subjeci
on the first 2D frame while said first 2D frame is adjacent said printing position and
for detecting and storing the image of said selected key subject on the subsequent 2D
frame while said subsequent 2D frame is adjacent said printing positibn; and

comparison and control means for comparing the f}etected image of key
subject on one 2D frame with the stored image of key subject on another 2D frame.
8. A 3D printer of Claim 7, wherein comparison and control means compares the
detected key subject image on each subsequent 2D frame with the stored key subject
image of the first 2D frame.
9. A 3D printer of Claim 7, wherein comparison and control means compares the
detected key subject image on each subsequent 2D frame with the stored key subject
image of the preceding 2D frame.
10. A 3D printer of Claim 7, wherein said detection means comprises reflection
means.
11. A 3D printer of Claim 10 further comprising projector means for projecting
the image of each 2D frame along a projection path toward said print material and
wherein said reflection means is positioned along said projection path for reflecting

said projection image to form a reflected image on a reflected image plane.
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12. A 3D printer of Claim 11, wherein said detection means further comprises an
image capturing means located on said reflected image plane for acquiring said
reflected images.
13. A 3]5 printer of Claim 12, wherein said image capturing means is mounted for
movement.
14. A 3D printer of Claim 10, wherein said reflection means comprises a
beamsplitter, and an optical path compensator for equalizing displacement of light
path caused by said beamsplitter.
15. A 3D printer of Claim 10, wherein said reflection means comprises a mirror
mounted for movement between a first configuration for reflecting said projected
images and a second configuration for clearing said projection paths thereby allowing
projected images to expose on said print material unobscured.
16. A method of prinﬁng a 3D photograph on a lenticulated print material from a
set of 2D image frames each of which having a selected key subject, said method
comprising the steps of:

(a) positioning the first 2D frame at a printing position for printing a first 2D
image;

(b) detecting and storing the key subject image of the first 2D frame while the
first frame is adjacent said printing position; t

(c) positioning a subsequent 2D frame at said printing position, and detecting
and comparing the key subject image of the subsequent 2D frame with the stored key
subject of a preceding 2D frame;

(d) adjusting said printing position for effecting registration of the key subject
image of said subséquent 2D frame and the key subject image of said preceding 2D
frame;

(e) printing the subsequent 2D image;

(f) detecting and storing the key subject image of the subsequent 2D frame
while said subsequent 2D image is adjacent said printing position; and

(g) repeating steps (c)-(d) until all 2D image frames are printed.

17. A method of Claim 16, wherein the precedingIZD frame in step (c) is the ﬁrsf
2D frame.
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AMENDED CLAIMS ,
[received by the International Bureau on 10 October 1994 (10.10.94);
original claims 1,5,7-9 and 16 amended; remaining claims unchanged (4 pages)]

1. A single stage 3D printer for printing 3D photographs on lenticular
print material from a plurality of 2D image frames each of which having a selected
key subject, said printer comprising:

(@)  aprinting station having means for supporting the lenticular print
material during printing;

(b)  aprojection lens for projecting each of said 2D images along a
projection path onto said print material positioned in the printing station of said
printer;

' (¢)  positioning means for positioning the first and subsequent 2D frames at
a printing position at the printing station;

(d  movement means for moving said print material to different positions
in relation to said print posiﬁon for exposing each 2D image at a different projection
angle;

(¢)  reflection means located along said projection path for reflecting each |
projected image to form a reflected image on a reflected image plane; '

® image capturing means located on said reflected image plane for
capturing said reflected images;

(g) movable mounting means for movir;z said capturing means to the
location of the key subject on said reflected image so as to allow said image capturing
means to capture the key subject image on the first and subsequent 2D frames; and

(h) electronic comparison means and control means for storing and
comparing said key subject images while the 2D image to be printed is positioned at
said printing station so that the comparison and printing can be done at said printing
station; | |

wherein, elements (a)-(h) are located in a single stage of said 3D printer.

2. A 3D printer of Claim 1, wherein said reflection means comprises a
beamsplitter.
3. A 3D printer of Claim 2, wherein said reflection means further

comprises an optical path compensator for equalizing displacement of light path

caused by said beamsplitter.
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4. A 3D printer of Claim 1, wherein said reflection means comprises a
mirror mounted for movement between a first configuration for reflecting said
projected images and a second configuration for clearing said projection paths thereby
allowing projected images to expose on said print material unobscured.

5. A 3D printer of Claim 1, wherein said electronic control means
controls movement of said positioning means relative to said print material to effect
registration of key subject on the reflected images while one of said 2D frames is at
said printing position.

6. A 3D printer of Claim 1, wherein said image capturing means
comprises a CCD array sensor.

7. A single stage 3D printer for printing 3D photographs on lenticular
print material from a plurality of 2D image frames recorded on film, each of said 2D
image frames having a selected key subject, said printer comprising:

(@)  movable support means for supporting said film for movement to the
printing position for printing the first 2D image frame and subsequent 2D frames;

(b)  detection means for detecting and storing the image of a selected key
subject on the first 2D frame while said first 2D frame is at said printing position, and
for detecting and storing the image of said selected 'y subject on the subsequent 2D
frame while said subsequent 2D frame is at said printing posjtion; and

(c)  comparison and control means for comparing the detected image of key
subject of one 2D frame with the stored image of key subject on another 2D frame
while the 2D image to be printed is positioned at said printing position so that the
comparison and printing can be done at said printing position;
wherein elements (a)-(c) are located in a single stage of said 3D printer.

8. A 3D printer of Claim 7, wherein said comparison and control means
compares the detected key subject image on each subsequent 2D frame with the stored
key subject image of the first 2D frame.

9. A 3D printer of Claim 7, wherein said comparison and control means
compares the detected key subject image on each subsequent 2D frame with the stored

key subject image of the preceding 2D frame.
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10. A 3D printer of Claim 7, wherein sai;i detection means comprises
reflection means. '

11. A 3D printer of Claim 10 further comprising projector means for
projecting the image of each 2D frame along a projection path toward said print
material and wherein said reflection means is positioned along said projection path for
reflecting said projection image to form a reflected image on a reflected image plane.

12. A 3D printer of Claim 11, wherein said detection means further
comprises an image capturing means located on said reflected image plane for
acquiring said reflected images.

13. A 3D printer of Claim 12, wherein said image capturing means is
mounted for movement.

14. A 3D printer of Claim 10, wherein said reflection means comprises a
beamsplitter, and an optical path compensator for equalizing displacement of light
path caused by said beamsplitter.

15. A 3D printer of Claim 10, wherein said reflection means comprises a
mirror mounted for movement between a first configuration for reflecting said
projected images and a second configuration for clearing said projection paths thereby
allowing projected images to expose on said print m¢ierial unobscured.

16. A method of printing a 3D photograph on a lenticular print material
from a set of 2D image frames each of which having a selected key subject, said
method comprising the steps of:

(@  positioning the first 2D frame at a printing position for printing a first
2D image;

(b)  detecting and storing the key subject image of the first 2D frame while
the first frame is at said printing position while the 2D image to be printed is
positioned at said printing position;

) ()  positioning a subsequent 2D frame at said printing position, and
detecting and comparing the key subject image of the ’subsequent 2D frame with the

stored key subject of a preceding 2D frame while at said printing position;
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(d)  adjusting said printing position for effecting registration of the key
subject image (;f said subsequent 2D frame and the key subject i‘mage of said
preceding 2D frame;

(¢)  printing the subsequent 2D image while at said printing position;

(f)  detecting and storing the key subject image of the subsequent 2D frame
while said subsequent 2D image is at said printing position; and

(g) repeating steps (c)-(d) until all 2D image frames are printed;
wherein steps (a)-(g) are conducted in a single stage printer.

17. A method of Claim 16, wherein the preceding 2D frame in step (c) is
the first 2D frame.
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