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(57) Abstract

An improved method and apparatus for the production of three-dimensional images utilizing a multi-lens camera and a multi-lens
enlarger configured according to a standard of arrangements, The number of lenses used in the camera and printer is selected to be greater
than the resolution capabilities of the human eye and the lenticular print system. The width of a zone of the lineiform image is determined
by the distance between two adjacent images on the focal plane of the lenticular screen (10) of a point projected from a distance at or
beyond the distance limit through adjacent projecting apertures of the enlarger. The projecting (182, 186, 188) apertures of the enlarger are
lincarly arrayed and equally spaced within the unique accepting angle comesponding to the distance limit to construct a lineiform image
without gaps between zones and without gaps between lines. Accordingly, a three-dimensional image having orthoscopic effect, and without
stroboscopic effect, is produced in a one-step imaging and one-step composing process.




The “‘next “maj or advance in the art was the devel opnent of a system whi ch
creates the perception of three dinensions wthout the need for speci al

gl asses. TRiGof/fesf¥ Utionary systemutilizes a | enti cul arcausveneset aced’
over a special inmage that presents each eye 25 wth a discrete two

di mensi onal i mage. The brain conbi nes the di screte two di nensi onal

I mges to create the perception of three di mensions. To one skilled in
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conpri si ng a lenticular screen having a phot osensitive material either
bonded to the focal plane or in 30 contact with the focal plane. The inmage

formed under the lenticular P PukNGNeNefo Par al | ax- panor anogr am
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of discrete two_di| nensi ona S_pr c enl.arger, apd thus
the nunber of ™ihbsteng éé&‘ﬁrioﬂ'gg Pp’t'#@%l Y 3 r{'g'\lf‘é iﬁ’?sna%nelar €7t RB*2afe as
t he nunber of lpnoiadiarngceemr.t ures . of the enlarger. 1In a conventional

enl arger, there is a single projecting aperture for each lens of the

enl arger, and a single di S%R%gm% g#r%s&% bﬁage is projected by
each projecting aperture. oday; two et hods of creati ng
suitable lineiformimages are used: direct, and indirect. 1In the
direct nmethwpd, the pibREdFONM photdbdm@lyi Ratd edlvagsi sisiidedacspecesie amirer a
equi pped wi th 1af!ae{|£)ée0% oéographs One of the difficulties of photography has
been to record a three dimensional object on a two dimensional
medium. In 1844, a technigque for taking three dimensional, or
stereoscopic, photographs was demonstrated in Germany. Two discrete
15 images were used to create a three dimensional effect when viewed
through a special device. Later, this viewing device was replaced
by special glasses having different color lenses to allow the user
to view black and white three dimensional pictures and movies.
Special glasses having polarized lenses were later used for viewing

20 color pictures.

The next major advance in the art was the development of a
system which creates the perception of three dimensions without the
need for special glasses. This revolutionary system utilizes a
lenticular screen placed over a special image that presents each eye

25 with a discrete two dimensional image. The brain combines the
discrete two dimensional images to create the perception of three
dimensions. To one skilled in the art, the term "lenticular print
system" means an enlarger comprising a lenticular screen having a
photosensitive material either bonded to the focal plane or in

30 contact with the focal plane. The image formed under the lenticular
screen is known as a parallax-panoramogram, or as defined herein,
a lineiform image.



screen and is printed using an enlarger having a single optical l-ens. -
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or t hoscopi CperteLIfeCt I.e., where the scale of all ree dinmensions are

correctly proportloned has been difficult. Second, as conposing
has - previ ously been perfornmed in several steps, the length of tine
15 Today, two methods of creating suitable lineiform images are

used: direct, and indirect. In the direct method, the lineiform
image is created inside a special camera equipped with a lenticular
screen and is printed using an enlarger having a single optical
lens. The lineiform image produced is then viewed through a
20 1lenticular screen. The main problems associated with the direct
method are the:long photographing exposure time required and the

necessity to move the camera during a single exposure.

Conversely, the indirect method utilizes a plurality of

discrete two dimensional images taken from different vantage points

25 Dby a camera having a corresponding pluraiity of optical 1lenses

arranged in a row, or plank. This row of images is then projected

through a multi-lens enlarger onto a lenticular screen to produce

the lineiform image. Alignment of the lineiform image with the

lenticular screen is generally not a problem. The major problems

30 associated with the indirect method to date have been amalgamating

the row of two dimensional images to produce a lineiform image

devoid of gaps between zones and gaps between lines, and producing

a three dimensional image having orthoscopic effect while avoiding
stroboscopic effect.

35 The present invention is an improvement of the prior methods
and apparatus for the production of three dimensional lenticular
photographs by the indirect method. Before the present invention,

the production of three dimensional images by the indirect method
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5 required for conposing is substantial. Third, amalgamation of the
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i mage. To achieve this supposed ideal state, each |ine of the lineiform
| mage can be no wider than wn; where wis the width of each lenticula,
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t he I screen reI atrve t etvveen each exposure to
ensure that t Beng | ofeshar binedAgrmdifpge to occupy t o' exact width of the space

under a lenticula. In practice, this requires that the aperture
angle of each lenticula be effectively filled with the projecting
apertures of the enlarger. The aperture angle is that angle which

25 is formed by passing rays originating from where projeczions of the
edges of the lenticula perpendicularly meét the focal plane through
the optical center of the lenticula. Figure 4 of U.S. Patent
3,953,869, for example, shows four discrete two dimensional images
projected onto the lenticular screen and producing four discrete,

30 non-overlapping lines of the lineiform image under a lenticula.
Similarly, Figure 9 of U.S. Patent 3,895,867 shows six discrete,
non-overlapping lines produced on the lineiform image. To achieve
this supposed ideal state, each line of the lineiform image can be
no wider than w/n; where w is the width of each lenticula, and n is

35 the number of discrete images projected onto the lenticular screen.
Most methods for achieving this goal require printing the lineiform
image in several exposures while adjusting the position of the
lenticular screen relative to the enlarger between each exposure to
ensure that the lines are congruent.
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PCT/ US96/ 09891 The objective of the prior indirect nethods and
appar at US'WB§§I4 o13 been to provide each of the viewer's ey%mggpmﬁ peparate
| mage so that the viewer's |left eye sees one discrete’inmage ana t he
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6th image wth the right eye trom one posiilion. Froma, 1Q | fTerent

posi ti oh, HHFETSFRMP HrgRtided images SrQipred oM %04 LPRktfaT SSheeR t he
left eye duyd thheedldrdenngendi thust ltenr izt lEypes of |vhe lingdtiotn dmagehe prior
i ndirect mpbhedSeA¥ALY (RUCEAAPLThePlin tda2h! 2dHeSotr theOliddi@okhNGlalye! M | Mage.

The objectivé of the indirect nethod and apparatus, o}]i Elhe 15 invention, on
the ot her HgnteYes 1Y FPovitAE VRTR1BF AT dWRaS With the daftpysiaad | east
two, and phef gthblipager @itlhvehe appaity elfescimime one posagésn. | Fromeae are
forty {#0)aileeRreid"BBSIORAl dHPIESY Rl £4b, for eRhmpId)CthLBLAGHagE SCreen
by the enlwar er arig thus forty lf\éloﬁ . Ilen%sitgf- lhherklf‘]el Lorml ge
proj ect ed &ﬁ;o.tpﬁe SEafyﬁl ahe Fite h e z0n&"of "thE*P hefYor m itfage, the
vi enwer maydgdbior.othexnipkeindinect metheds pupiAd AYeurEPing(Rth the ddmeand 22nd
| mges W td¥ the 1iefelirey® iaade. t he overl apping 23rd, 24th, 25th and 26th
| mages with the right eye - fromone position. Froma different position,
the viewer mght see,  for exanple, the overlapping 20th, 21st, 22nd and
23rd i mages wi tThe25biegidveef &he andineRe BEEHIdRHIngPRA¥arus2Eh thest h and
27th imBgeasventiod,t lont BRe rowlelr Byed, isThe pruvikpl eaclo\eEr lkappiidwernd
di mensi OngJyes w:'bél{r%%eieé(éte%g Ofhd r};@ek%fh@&&r%é?é.”@@@;ﬂﬁﬂ@t aPehegLved to
be bl urred y the viewer because the difference_in parallax between the
images.  If there are forty (40) two dimensional images projected
onto the lenticular screen by the enlarger, and thus forty (40)
lines of the lineiform image projected onto the focal plane in each
20 zone of the lineiform image, the viewer may see, for example, the
- overlapping 19th, 20th, 21st and 22nd images with the left eye and
the overlapping 23rd, 24th, 25th and 26th images_with the right eye
from one position. From a different position, the viewer might see,
for example, the overlapping 20th, 21st, 22nd and 23rd images with -
25 the left eye and the overlapping 24th, 25th, 26th and 27th images
- with the right eye. - The multiple, overlapping twoc dimensional
‘images viewed on the lineiform image are not perceived to be blurred
by the viewer because the difference in parallax between. the
adjacent overlapping images presented to each eye is less than the
30 resolution'capability of the viewer. Furthermore, the overlapping
two dimensional images are arranged and aligned on the lineiform
image so.that the perceived location of the elements in objective
space reproduced on. the lineiform image do not change location
relative to the lenticular screen when the perspective of the viewer

35 is changed.

The prior methods of viewing just two separate images create
a sharp three dimensional image in only a limited viewing area.
When the viewer’s head moves to a position from which the viewer

views the edges of two adjacent lines of the lineiform image, the

4
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descri bed her epypieghiingr apexiyaresctised b phei privredapperratige- t bowsitgs. is
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In the method of the invention,'viewing, for example, four

images simultaneously with each eye eliminates stroboscopic effect.

The greater number of discrete two dimensional images divides the

20 largest single parallax into such small parts that the four discrete

two dimensional images are perceived to be a solid object. ' The

invention further provides empirical methods for answering the

following questions necessary to practice the invention using the

disclosed method and apparatus: 1) how to determine the number of

25 two dimensional images to use; and 2) what is the minimum number

of two dimensional images necessary to eliminate stroboscopic
effect.

In addition, the prior indirect methods presume that the
projecting distance of the enlarger should be the same as the

30 viewing distance of the three dimensional photograph. When viewing
the three dimensional photograph from the projecting distance, the
positions of the viewer’s left and right eyes must exactly match the
positions of two of the projecting apertures. This requirement
limits the number of projecting apertures that can be used. When

35 the viewing distance is changed, the left and right eyes of the
viewer no longer match the positions of any two of the projecting
apertures. Accordingly, from any distance except the projecting
distance, the viewer will perceive stroboscopic effect in some area

of the three dimensional photograph. Also, as the viewer moves away

5



In the nethod of the invention, view ng, for exanple, four | magess
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percei yed im@fitgWahl &d-sBBp YAk 10§ POTGARI RoBGGURACYedst LHE of the
following components of the lenticular print system: 1} the film;
2) the lenticular screen; 3) the projecting apertures; or 4) the
photosensitive material. If the two dimensional images are created -
by a single exposure of the camera, then either multiple exposures
20 of the enlarger are required to print the three dimensional
photograph or at least one of the elements of the lenticular print
system must be moved during a single exposure of the enlarger. If
the two dimensional images are printed by one exposure of the
enlarger and without moving at least one of the above elements of
25 the lenticular print system, then the two dimensional images must
be created by multiple exposures of the camera or by moving at least
one element of the imaging system during a single exposure of the
camera. In the invention, creating two dimensional images with the
camera, and printing three dimens_ional ‘images with the enlarger does
30 not require multiple exposures of the imaging system or the
lenticular print system, or moving elements of the.imaging system
or the lenticular print system.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for one-

35 step imaging of a plurality of discrete two dimensional images with
‘a multi-lens camera, and one-step printing of three dimensional
images with a multi-lens  enlarger on a lenticular screen.

Lenticular screens are well known in the art and consist of a



dept'h di rrensi on. Simlarly, as the viewer noves towards the

| enticular screen, the perceived image will flatten. In the nethod 5 of
the inventi owoovefestsi ng the viewer's eyes with the positions pé&Tnses/édss:
projecting apertures is not required. The viewer may view the

| enticul ar phetagasply at Minear rignsiest ancientdictier eahiatfaxepéivllel to each
proj ecting di gkapre. anﬁhuélcu%tc(eﬁboa‘iﬁ%' Ca effB@Qi 'p&aﬁé' fh‘nna&&@\:dé& allth

areas of the three dinensional ot o_g,p prior met hods and
apparatus are PRPLGTRRFSY VS WFFf@]r 186?1%5@q ﬁ@ﬁ@é‘%‘?s%tf‘?’% MaR§Eide 18

proj ecti ng apdiitadeso ¢lhesépcaloplane. | enticul ar screen than the distance
limt described herein. Sinply elimnating the gaps between |ines of

t he Iineifo%mlmagg_hdoes no E E mt the r|or net hods _and %pgféatus to
acconpl i sh bot h one$t8g**F5" 1 hllg? RY lé:ﬁﬂso‘?fe SPEPF P ft PRGSW O ¥ ng
at |east one ekitheattemgtdhgovp ngraturgoneidtisebformhdmhgat Feul wge pim rthree

system 1) t h%lfnlehglonal pRotddraphenidiqul &g Q@h@?@ula@) tEQ@hﬂ'b@i{eCt ing
apertures; 3 %‘surm% phC oto ensitive nateri al wo_di mensi qnal
te

t

i mages are cr i RgTe eXostit eIHS t%etwc?gﬂertge RBRS ePEn &R
mul tipl e expodidnesfogn lo\ﬁget he’-’-)erﬂnaldgm &batr epyer adet ve Fanst becmert lehee
di n’epsi onalo - 1inpBBOGRa@NAnOI fotim LRS! QeEfdurliig tHa@MEHre &fe ElPficient
ey o 2| P idlberpee 248 SHLALMnRIRLE L Sl bdlikeh ShOGH B4 RERARET Bk

enl arger. I ona one expos
t he enI ar JEChang WPh%iﬁOPﬁs\ﬁfrfgcat a as4t) Swwlvr@aésawnagemt@%f
25 the |lenti Qimanspsralt inygdscioned e tbeal Wlade n@Nuhendént itages $arden.

be created byl tipl.e OXROSILINET SaERl e 5sdl HBVLDL ek S8R of

one el enment of the 1 magling syst tem duri Sl ng?e exposure o

camera. |n#? héhieﬁﬁe‘?ﬂ’ﬁ%’n’“s d“e%ttﬂrﬁﬁt%‘&&?- dﬂmﬁ%ﬁ sYReRjeSYviadefipéng the
canmera, and prdontepgudihmedelioferiss qeaticulagesysieihtd [Herant atge préd@ax idé not
require multipjee aemwas&soflmgfamgmgesmtﬁm@r athe betweérﬁn%]a,fegl ¥na

print system ar noving elenments of g
| enti cul ar pri*HtPeYst 8fps between Pincs. thes by Pr°d"§BWARYSE)°—e‘T’HE | NAASRITI ON
The present | mieehsownadr phodmzaphiet hod and apparatus for one- 35 step-

i magi ng of a plurality of di screte two di nensional inages vvith a
mul ti-1 ens_camera, Tand one- ste intin x.geOf t hr ee,_ di nensi
20 ensure tha t exre a no gaps between t e zones of the

lineiform image, the previously accepted theory required that each
zone occupy the exact width of the space under a lenticula.
However, it has been discovered that to satisfy each of the items
of concern mentioned above, the zones of the lineiform image must

25 be allowed to occupy a space larger than the exact width of the
space under a lenticula. In reality, 2zone width varies with the
distance of the plane of projection, i.e., the plane of the
projecting apertures, from the lenticular screen. Mathematically,
the width of a zone is defined by the formula w({(f/h)+1); where w

30 is the width of the 1lenticula, f is the focal length of the
lenticula, and h is the distance from the plane of the projecting
apertures to the plane of the optical centers of the lenticular
screen.

In practice, however, it has been discovered that all that

35 need be determined is the length of the chord of the angle which if
effectively filled with projecting apertures produces a lineiform
image without gaps between =zones. This angle is called the
accepting angle. Accepting angles are graphically depicted in

7



images with a nulti-lens enlarger on a |lenticul ar screen. Lenti cul ar
screens are vveII known in the art and consist of a

7/46913
PCT/ USQG/WQE??/ pI urality ot linear |enses, or |enticul PCT{%S&?MD%

Dot bsens! gk, o Apdrio f) e 9" sgﬁe@\b%%scfnée%hmpéﬁ@ sleCOPLARE Wi th 2

phot osensi of osensitlve
fixed to thetieadalcontgne. of ghe 13“’1%?‘6 &FESFDUEC nBfYr PR Soncer n
to a persopré&fedtifignipertures Skhe lleaytiespttihegeicrdpsbdhe ecaebt e ngXa | nage

for use in,t hefq%%mecHe'B%.@%sggeabhgg;mgé Bl 1d 21 dfrdR0LA PlkAlIe)

t echnol ogy: ere are no gaps between zones of the
| i nei f oM tAEdE leptpgar ﬁ@reteﬁ‘aﬁn‘i merrendicuirr FRHEne HFREFIhOL1BRe | j nes
of the |ingehoidilagngeiweed) aEBSHEt pot hitont hbich atlee dehticilent screerdi screte

two di
St“?obggf;‘g;: B8 .o eC’E?%ﬁc%&él%%gH%C%l&J%? HJRASANG! sLEBP spor PhIOUL

amating the t di mensi onal
i mmges ont Yhigke "—fhéch?“‘bl%éro‘fc"ﬁ‘?é ?%‘?ﬁafﬁug htepharce aga*ﬂ‘le i nvent ed

nmet hod and appar atus addresses and overcones each of 15 these concerns in

a practical andryqikable. %Maeinwaegﬁﬁefaaau@g ctnaecnord SOREENRIRD: iRflel  of

the lenticular systemto germt th roduct i

cont i
|'i nei f d°m PR3 ‘\ﬁl theritcey ﬁ§e‘bé’t"ﬁé e, BheRs © ﬁngentw“g\ﬁ”f ﬁgﬁ?e’ba%?tb'élﬁ\een
" lines, thepabyopraptiaeidegiaes pensor ThHe dength ofiithienshondlispabtsagiveh. 20
To ensure phaind Emuds G Q/ERPH) bebweﬁrn&hgz ZRNeendfh dkethe cHor@esf Or m

the exact FPBAeBPE {1 RME S IR GaP B B dsgrars. Enfgk iyl be SRl EaBe LR
di scover ed behe¢en otheatimlep odcivhef 19h%1ﬂ°trerrémage' thus resulting in a
15 superior three dimensional image. For any given distance from the
plane of the optidai centers of the lenticulér screen to the plane
of the projecting apertures, the chord defined by the accepting
angle is also defined'by an angle equal to the aperture angle with
its vertex placed on the focal plane of the lenticular screen, as

20 illustrated in Figure 6.

Gaps between adjacent lines of the lineiform image can be

" eliminated by using a number of projécting apertures greater than
the number of lines that can be resolved by a single lenticula
within the width on the focal plane to be filled with lines,

25 typically one zone of the lineiform image, where the width of the
zone is determined by the distance between the plane of the
projecting apertures and the plane of the -optical centers of the
lenticular screen. Thus, the adjacent lines of the lineiform image

overlap.

30 The stroboscopic effect ‘seen in so many lenticular screen
photographs can also be - reduced, or eliminated, by wusing a
sufficient number of two dimensional images. To eliminate
stroboscopic effect for any element, elements, or any portion of an
element in objective space, the number of two dimensional images

35 created by the camera should be greater than the number of lines
defining the edges of an image having similar sharpness and contrast
that the human eye can resolve over a distance equal to the largest

single parallax from a preselected minimum viewing distance of the

8



of ¢oncefn nentioned above, the zones of the lineiforminmge nust 25 be

allowed to occupy a space larger than the exact width of the space
under a |engigethagors | N reali ty, zone width varies with the pcraisséessse of
the plane of projection, i.€., the plane of the projecting apertures,

from the | entjiguhRingehesd dlk@ﬂé‘i@?&ailﬁabéy The tei-xh&amg@lédﬂ sihge PaFE]l Tak

defi ned by the formu ). S h

| enticul a, f§rf"h‘é° ftgsaélﬁtél)!lla on }M}? h€<>cr=11 9} er?'t Pgl%f%g%%ﬁ{ lak Q reen

di stance fr orhetthveepl she p¥ot heaqﬁsmoéctqhﬁg same ghepent da t‘ﬁ’lteﬁélb? aﬁéﬂﬁ t he
optical cent gii@btédieny éfd Cdiltakmost IeMs@ENof the enlargeknwhid@cti<ethe

however, |% 1S een {itﬁ:]og% q-nctegaﬂe:ﬁ«lee thal o @,?,f DRy ngfdgr,@srerrbrl\g,qeﬂt% t he

Iength of The tHor e ang! filled wth

proj ecting apéricly Be phobageapher| YidieFoFmbde fresndga™ it BE PSS *hEESheen
zones. This angle is called the accepting angl e. Accept| ng angl es
are graphically d

WO 97/ 46913 e'Hl ggexln&on solves the last problem, that 8_?_/aumsagg/ 0989

Fi gures 9 andeylGtangrrdizapd gihperorirSt Hif S1P§HAHOPAL 1TRERR RFPILRESD on %ﬂﬁ i cal

centers of theedddinguheiiusCr estandardimtibanis afchiéeed thrpual) ddiei nge of

apertures,thg rgﬁgééh% &'L-%aﬁﬁgfeﬂo@fa&gﬁg@.ﬁ‘&ﬁetwﬂ@namhemmon tbsbc&ﬂuéﬁeto
t he dlstance e noved 1n a direction parall

| enticul ar scPERAFaiWbHRt fERares I Hie £¥or AbresieR} Ta8P= ¢ k2 5 prf’éﬁf?%‘hl as
bet ween a fireshtsphé Henofrwlurcictdea) |ank tiaikatagerebrhich prgigehs Sher Yyt est

through a dar Kftqer{sqghgf t:l.fﬂa&esse&ﬂm Srot lér{ﬂr&tlar ‘é’@i’é‘é}x tg’l@d | ﬁf\ixh@él' Ete

SCreen appears, htest onCe a t ual

accepting ang%“e‘t ENCABRILIof t Itéﬁye‘btltr?j J}Gns?ﬁ\gﬁ’ge "?’E ‘i’?g'ﬁr%enf‘%r‘élae over

the area af | temseubfithsErdengeharetdagibrated to this predetermined standard
of arrangements. When moving the optical elements of either the

camera or the enlarger thereafter, they must be moved in proportion
relative to the predetermined standard of arrangements. Through the
use of this standard of arrangements, the two dimensional images are

20 properly amalgamated, thus producing a sharp lineiform image.
OBJECTS OF THE INVENTION

The principal object of the invention is to provide a method
and apparatus for producing a superior quality three dimensional

image in less time than heretofore required.

25 A more particular object of the invention is to provide a
method and apparatus for creating a plurality of two dimensional
images of at least one element in objective space with a multi-lens
camera in a single exposure, and for printing a three dimensional

image with a multi-lens enlarger in a single exposure.

30 Another object of the invention is to provide a method and
apparatus for producing a three dimensional image wherein the
amalgamation of images requires less labor than previously required.

Another object of the invention is to provide a method and
apparatus for producing a three dimensional image which is perceived

35 as a stable, coherent image when viewed from any reasonable distance

9



phot ogr apher desires to use. The length of this chord is also given » by
the formul a V\,((h/f)+l) By filling the |l ength of the chord of t he

accepti ngﬂw 4i th projecting apertures, there will be .
bet ween e zones of the lineiformimage, thus resulting in a %g gﬁcl)eri or
three di MEQILRNR! Ad PG 0L e%d&‘?;ﬂedhéééﬁl:‘iﬁ f hagid nfefmedpi:@neh@f the

optical centers o enticu screen t.o g roj ecting
apert ur es, SiREARFROPEHERS ﬂ?dpb"s"‘et A& %c%rﬁjﬁﬁﬁmg P%ﬁfdﬂrgs 'f}%%pag?‘? ned by
an angle equai:hé wptheahpenters afnghe ldrtiicular iscseerert ex pl aced on the
focal plane of the lenticular screen as 20 illustrated in Figure 6.

Gaps between adj acent I ines of_ the lineiforminm el.i mtgat ed by

usi ng a number GPOTRY] ANERY UpdEurBESIST &P 'f%aﬁfm”detahé“ef%‘ﬁf}e? l'i nes
t hat cars beppasatuseflobypraducing @ thiee dumepsionalyiimpge with oxthdscopiche

focal plangekgepe filled with lines, 25 typically one zone of the lineiform
i mage, where the width of the zone is determ ned by the distance

bet ween 't he pl ane of the projecting apertures and the plane of the
optical centersApbthér object coff ithgl Anveryiesn is ThRProvRde 3 watded ppdes of

the linei f%ﬁhtm tor OM@jdudRng 30 three dJifiensismiosengge afifteteseen in
SO nmany Ientlcula phot ographs can al so be reduced, or

el i mi nat ed® 5? %Ss‘i°|?§c ePpectsuffl cient nunber of two dinensional
i mages. To elimnate stroboscopic effect for any el enent, el enents,
or any j@orti on @hofer objetenentthen iabémcionyeésspage;oviile aumnddiodohnéwo

di mensi onal hm £3 ;&Sa&ﬁﬁtgﬁae/ E mwneg%mwh@up%a%%k%eﬁ HaReLhe

number of IF inn es of an inmage having simlar sharpness
and contradhd withapk: 9gpR bﬁﬁﬂ%ﬁ’f‘ é)}éeﬁan resol ve over a distance equal to

t he | argest - single parallax froma presel ected m ni mum view ng di stance
of the Another object of the invention §s to provide a method for
measuring the length of the chord of the central resolution angle

1S  of a lenticular lens system.

Another object of the invention is to provide a method for

determining the resclution characteristics of a retro-reflective

lens system.

Another object of the invention is to provide a common-
20 standard of arrangements for the multi-lens camera and the multi-

lens enlarger of a system for producing a stereoscopic image.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects will become more readily
apparent by referring to the following detailed description and the
25 appended drawings in which:

Figure 1 depicts a conceptual model of a lineiform image as

disclosed by the prior art.

Figure 2 shows the disadvantage of filling only the aperture

angle with projecting apertures.

10



WO 97/ 46913 PCT/ US96/ 09891
resulting three dinensional image. The term | argest single parall ax

refers to tReo9iadogdice on the focal plane of the lenticular $¢TANY6/09891
between the two i mages of the sane el enent in objective space proj ect ed

by the outernost |gnses of ;Lhe ARLALYCIepMRb¢hn ISt 1o@ Bne lWWd@ASLEOL ibiR
di stances between the two 1 mges of those_ el enents ctur V\ﬂl‘:‘(t:nhtl;‘eheL_me p
phot ogr apher YSf&swidh hBe fHEE3PFDREsT PFBS oIS RT T 8EE. Planefe
i nventi on sol stes dphécdhstenpeod|afnthe heemtdtubamisganeri on, by
standardi zing the row of two di nensional inmages projected on the

recordi ng medium $fandardi zation js .achieved through

predet er mi ned st antPFeot 15 7 SFGRAERLEPHRT S ?é tggrﬁ%ﬁﬁgpgn%%ﬁﬂ%%égd ah
canera (whbchapexaresandie.t wo di nensi onal i mages to be projected ont o
the lenticular screen) and the enlarger (which projects the two :
di mensi onal inmages_opnto the | enticul ar, screen a r.n e lineiform
image).  Initiall {94’ thse S 3 1 &AL 3%%’40 3p§§t&‘v1@eﬁ!sl ¥ of the
enlarger are calibrated to this predeterm ned standard of arrangenents.
Wien noving the opfigiade el sirit 6hofrediut heisHibebetweenatis aceeptiey engneger
thereafter, the st. be. moyed in ri . [e iye to the

pr edet er m ned®% atrrFJaF Of)‘?s g\rérg?leggﬁ%hgggléfhrggﬁ%tl{lheéﬁle\édse of this
standard of arrangenents, the two dinensional inmages are 20 properly

amal gamat ed, thus piqeitcingsaaskeaphid nidpietern mEgahe looking angle, the
.OBJECTS Gi.oTH'Eo&M%gQ}&, the lookin (ﬁm%tpéﬁ@%hggiooﬂghscéix%fctims 'o&vgﬂé' on
is to provide a ne an appa? us for producing a superior quality

t hree di mensi 8f@fes of AGA®TAR | ess tine than heretofore required: 25

A nore particul ar object of the invention is to provide a met hod and
apparatus for creatig gPl1YtatidoesOf wfetRodiifEiicR88hce with FREETHvRhedbn
| east one elenent In o {:ectlve space V\n%g a rrultld-.l g#ils canera in a
si ngl e exposuf8® BHE EorPHrieREER P PR B IPREFADBAATY- inmmge with a

multi-lens enlarger in a single exposure.
Figure 9 shows the benefit of filling the accepting angle with

15 projecting apertures.

Figure 10 shows that projecting a point source of light along
a line segment equal to the length of the chord of the accepting
angle produces zones of the lineiform image without gaps between

zones of the lenticular screen.

20 Figure 11 is a top view of a lenticular screen and illustrates
methods in accordance with the invention for measuring the length
of the chord of the accepting angle and the central resolution

angle.

Figure 12 illustrates the amalgamation of a plurality of

25 discrete two dimensional images of an element (Figure l2a) in
objective space as disclosed by the prior art (Figure 12b), and as
taught by the method and apparatus of the invention (Figure 12c).

Figure 13 is a graphic depiction of the central resolution

angle.

30 Figure 14 depicts a model of an ideal lenticular lens.
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30 Anot her object of the invention is to provide a nethod and - .
apparatus for producing a three dinensional inmge wherein the

anal ganat‘gagﬂggm mages requires | ess | abor than previ ousl
Anot her Jéct Oof the invention is to provide a nethod an 9§ar atus

for producing acihige M nensonal Wgage ¥b1 6 clasof aefcgnch@u%ér 254 stable,

coher ent |rrage rom an\é reasona
i

9 sheying by pffect of aberrations in the len\;:.cular prlnt system on

PCT/ US96/ 0888 Ipath of Wi iighit nthtumghi &1 Ient@éuldre uni que accepting angl e defi ned
by the di stance between the plane of the projecting apertures and the
pl ane of the optical centers of the lenti cuI ar scre

Anot her obj ect BI9WHeE LHYEMRS 8R%id IF1PF RA &R ?re?%(?d“ﬁ’i‘n’if‘ef?s ¥pp2atus for
produci Bg &h¢ hwicehdofrensiogld limagef i L bneifiorosougsdes ef fect.

Anot her object of the invention is to provide a method and appar at us

for producing a_three _di nensiona stroboscopic effect.
10 Aot heFBieedy OF S AR ENRFRATAen  SPASIP o ARG,
appar at us Lomeprédie hned fbimdinage msi theyeasiuaidutexjsps(Hiouneeri 720k

and W t houg79PRHa8EWesdY lair@e8escribed by the prior art (Figures 17¢ and

17d) .

10 ~ Figure 18 illustrates a method in accordance with the
invention for determining the resolution characteristics of a retro-

reflective lens system.

Figure 19a shows the distances between the secondary axes of
a series of adjacent projecting apertures which are linearly
- 15 arrayed, but whose centers are accidently non-collinear. Figure 15b
shows two rows of projecting apertures; one of which is positioned
at the Plane of the Distance Limit disclosed he;ein.

Figure 20 is a graphic depiction of a row of projecting
apertures in edge-to-edge relationship positioned closer to the
20 plane of the optical centers of the lenticular screen than permitted

by the central resolution angle.

Figure 21 illustrates a method for moving the looking plane
during the composing step in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 I. METHOD

In the following description the method of the invention is
described with reference to the printing, or composing, steps, but
one skilled in the art will recognize that the discussion is also
relevant to the imaging steps, i.e, the steps of creating a

30 plurality of discrete two dimensional images of at least one element
in objective space. Both the figures and the following discussion

refer to "lenses” and "projecting apertures" as a single elemwment,

12




Anot'her object of the invention is to provide a nethod for measuri ng
the length of the chord of the central resolution angle 15 of a lenticular
| ens syst em wo 97/46913 Anot her object of the invention is tOoPGRUSINISH
met hod for determ ning thé resolution characteristics of a

retro-refl ect bue one skéhdedyist ¢he art will recogmdgmefhasbjtdet dbgcussdon is

invention is LPsPAMedEntd teOBSREbLAR Séadar (rudthef | amgeskilled O theeart

roduci g a serbodeoprtatmppat it +¢" BoSRisYe%ko ClrBpf Wi, g o

THE DRAW NGS dimensional imggesf Beigbiangingke dER&rohl) 68Pea PF PR A PEFRbr e

readily 5 2RRAEHlle Byo A@hefisidi@lt Dnddee ﬁsmldgowmgdet]anlse@lf @esenlizyigesn and

the 25 appendg.g d£ al‘%ow?& Icﬁ iﬁétrlon, however, a Pé'rrﬁx 1: gﬁﬂi ﬁ&§cf‘ete two
P heFs peuhf hat,

concept ual osed by the prior art.
Figure 2 shom@lmhesm%édvmgé @reamem P}ﬁgi GﬁP?l% Rengpef tacamera, ang dswith

proj ecting apeibiédsed by a single lens of an enlarger having a single fifojecting
aperture. Thus, the quantity of lenses in the camera is equal to
10 the quantity of lenses in the enlarger.

"Composing" refers to the steps involved in producing a
photographic print with an enlarger. The invention utilizes the
indirect method of producing three dimensional photographs wherein
a plurality of discrete two dimensional images of at least one

15 element in objective space are photographed with a linearly arrayed,
multi-lens camera. During composing, the row of two dimensional
images created on the film of the camera is projected through a
multi-lens enlarger onto a lenticular screen that is coated, or is
in contact with, a photosensitive material. To obtain correctly

20 proportioned orxrthogonal relationships (i.e., orthoscopic effect),
the looking angle of the camera (Figure 7) should equal the printing
angle of the enlarger (Figure 8). In other words, the camera should
"cover" the same angle as the enlarger. The method of the invention

is particularly concerned with improving and refining the composing

25 steps using an apparatus designed in accordance with the invention.
Accordingly, the invention provides a method and apparatus for
producing superior quality three dimensional images in a one-step
imaging and a one-step composing process.

It should be recognized that the lines of the lineiform image

30 necessarily cannot be uniform in width. Further, only by accounting
for the actual behavior of the 1light projected through the
lenticular screen can composition of a superior three dimensional
image be achieved. Throughout the following description, the term
"lenticula" refers to a single optical lens of a lenticular screen.

35 It is important to recognize that each lenticula is, in effect, a
bead or ridge extending the entire length of the lenticula on the
lenticular screen. Thus, reference to the direction of a lenticula
refers to the direction of the line formed by the ridge of the
lenticula. A line parallel to the direction of a lenticula will be

13
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Figure 3 is a graphic depiction of how the width of a zone varies with

t he di st projecting aperture fromthe plane of élj;& i.cal

centers g‘?&?ﬁggﬁlgnt i cular screen. Figure 4 is aP or agﬁ@%ﬂs?

gepl cti gn_ BErHRLaE_Ge&}Idel BYagH Qbﬁﬁ?é"t e ﬁefl!?fédlla\r S?@%Qkﬁ-parallel th 5
i gure is,a graphic depictjon.o aperture anpgle. | gure

shows the FBf cﬁﬁs%aﬁebetsm’elﬁrtl% | g‘é’?)?’ﬁﬁﬁe’gﬂﬁf‘g%r to the PSP ds of

t he respects\alsacpergendgcalay ts.the direction df gagheafid ieyegy greslicglalepi cti on

of the |ookhig, aROLE pokBEeYd cbQiFiRd PhAAE cHalCid QAKATIEIPES HnedRYcdNE
| ooki ng dlrfctlons 0 re 8

t he . lenses of canera. . . FLg
1T ust 1 At cBLaPSeRLAY HHS CRBP o5 RATPRRTMRLRR, B 5 diTeCtigR REVIMR (he
| enses of ieetigWlasgef-a-adpaling that lies at a might eam@lshestheheiigerefit of
fF RN nglg heﬁﬁs&ew fige aRgt Lcwtiabh I rprohvet i:@g.n?ﬁﬁ_ié Wb@ilication, the .
I gure SNOWS t hat ro.e,ptln La_Pol { source o al on a llne
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screen andi%'éé%%ﬁ%gggélar to the direction of the lenticula.

An important discovery of the invented method and apparatus is
that the zones of the lineiform image should not be forced to occupy
the exact width of the space under a lenticula. Each lenticula is

15 not an independent unit, but instead is a small part of a whole

' system'thac should be created arcund a mathematical model. Figure
1 shows a conceptual model of a lineiform image wherein the width
of each zone is limited to the exact width of the space under a
lenticula. The width of each line of this lineiform image is w/n;

20 where w is the width of each lenticula and n is the number of two
dimensional images. used during composition. To fill only the exact
width w of the space under a lenticula, the aperture angle of the
lenticula must be effectively filled with projecting apertures. The
aperture angle of a lenticula is that angle which is formed by

25 ©passing rays originating from where projections of the edges of the
lenticula perpendicularly meet the focal plane through the optical
center of the lenticula. Angle 70 in Figure 4, for example, is the
aperture angle of the lenticulas 12.-

It follows that to achieve a match between the zones of the
30 1lineiform image and the spaces under the lenticulas, the aperture

angle of each lenticula of the lenticular screen must be filled with

projecting apertures. Thus, unless extraordinary measures are taken

during composition to £ill the aperture angle of each lenticula with

projecting apertures, gaps between zones of the lineiform image will
35 result. Figure 2 shows three projecting apertures 152, 154, 156
situated on plane 150 to effectively fill the aperture angle of the
center lenticula. When a plurality of images are projected though
the projecting apertures 152, 154, 156, gaps 178 are formed between
the zones 160 through 176. Therefore, using the lenticular screen
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met hods in accordance with the invention for nmeasuring the I ength of

the chord of the accepting angle and the central resolution angl e.
Figure 12 il{ypd7i4es18s the amal gamation of a plurality of 25 dPETMS962098910
di nrensi onal images of an elenent (Figure 12a) in *  objective space as

di scl osed by §{{fudira@badid Fifhgiee alwiweﬁ@dlaé‘perceu‘talightbséjyaftﬂ:lﬁe whtreed
and apparatung%ﬁségin% gentlon %&;éi s 12 Qesult of a changéqlguﬁﬁ%:wieh§n&

graphi c depic ‘esof ut1 on angl e Figure 14
depi cts a nodehgl#. an ideal lenticular |ens. WO 97/ 46913

:DCT/ Us96/ 09ﬁ91_ Filgure 15 depicts a nodel of a typical |enticular
ens, show ng 0 Qz?;?e% t % &he h@ﬂtdnc'ékaf:h@rd g}égtem
on t he path of tng ‘ﬁ{é %’(gu£I e%t |a§8§aéli Y Wheu res ﬁ%g

u
are a seri & &rogr 'a‘i;*ﬂ15!’3@F‘ebPFgH’E?P€§§19'é'r sb€ - 5the RRI3feOF 5ﬁ ap’é?:'rfgﬁté"?l ne
of a lineifor apeaagﬁas, to the planki gfirthel bptscal geaphiz afehet Lemticwdpari ng

the matching qf fot | S S
(Figures 17a anacen f{}%?rgnd %;%WL Q%%?lg' ggg‘%faog 1%15'1%’ %Bg%éd?f%b b
(Figures 17c éﬁatlculgfnfpreen from two points 74, 72 cated dl erent

dictances from the lenticular screen 10. The lines of the lineiform
10 image recorded are spread across a width greater than the width of
the space under a lenticula. The widths between the successive
lines recorded on the focal plane 16 of the lenticular screen 10 are
equal for each discrete distance, i.e., 82 = 84 = 86, and 76 = 78
= 80. These widths are the same as the widtﬁs of the zones produced
15 by the corresponding points 74, 72, respectively. Thus, the width
of a zone varies with the distance of the plane of the projecting
apertures from the plane of the optical centers 20 of the lenticular

screen.

Mathematically, the width of a zone is given by the. formula

20 w((f/h)+1); where w is the width of each lenticula, f is the focal

length of each lenticula, and h is the distance of the plane of the

projecting apertures from the plane of optical centers of  the

lenticular screen. Geometrically, the width of a zone of the

lineiform image is equal to the distance between the two successive

25 lines of the 1lineiform image of a point projected onto the

lenticular screen through adjacent lenticulas. Therefore, to allow

composing in a single step without creating gaps between the zones,

a line segment wider than the chord of the aperture angle must be
filled with projecting apertures.

30 The accepting angle of a lenticular print system is the angle
formed by centering a zone of the lineiform image under a lenticula
on the focal plane and then projecting the edges of the zone through
the optical center of the lenticula. For example, Figure 4 shows
two accepting angles 66, 68 for different projecting distances from

35 the lenticular screen which produce zones having different widths
58, 60, respectively. As used herein, "the chord of the accepting
angle" refers to the line segment of the line parallel to the focal
plane and perpendicular to the direction of the lenticulas between
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10 Figure 18 illustrates a nethod in accordance wth the
I nvention for determning the resolution characteristics of a retro-
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25 1. ovmng cription D the
i nventi on image wilkddmenuy yiiden Fog diephit@lag F‘Fl’éeﬁi‘r WhERIRS, 98PS conposi ng,
steps, but one skilled in the art will recogni ze that the discussion is

al so rel evagle &qrgfs&,oalgagnieaﬁ %&Fpih%n In ﬁ{lﬁ. pasoéetcgrﬁ,éf.gg% a 30

plurality of discrete t east one € I n
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12

radial beams are used. In Figure 6, two point sources of light A
and B radiate light onto lenticular screen 10 which focuses the
beams at points A, and B,'™??, respectively. The distances

15 between A,! and A,?, and between A,;> and A%, are zones of the
lineiform image and are equal to each other, but are wider than the
width CD of each lenticula. The zones between B, and B,?, and
between B,’ and B,’, are likewise equal to each other and wider than
the width CD of each lenticula; and further, are wider than the

20 zones between A,! and A,?, and between A,?> and A,’. The width of a
zone depends on the distance bhetween the light source and the
"lenticular screen, and zones are always wider than the width of a
lenticula within the limits of the method and apparatus of the
invention.

25 For convenience, the line segments F,G, and E,H, representing
the widths of the zones are shown directly under the central
lenticula. To expose the line segment F,G, on the photosensitive
material, source A must lighten the lenticular screen while moving
bett;leen points F and G located on the sides of -angle beta (B8) at a

30 constant distance from the lenticular screen. The length of the
line segment E,H, is greater than the length of the line segment
F,G,, therefore source B must lighten the lenticular screen across
a wider angle while moving between points E and H located on the
sides of angle gamma (y). Analogously, all of the zones of the

35 lineiform image corresponding to the remaining lenticulas will be
filled. Thus, the lenticular screen cén receive light from a source
without creating gaps on the focal plane between zones of the
lineiform image if the source fills a definite angle with light.
The definite angle dépends on the distance between the plane of

16
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put one skilled in the art will recognize that the discussion is al so

rel evant to&gwg] | enses. Further, one skilled in the art pcmu$dernssst
recogni ze that | S possibléito create multiple two di nensi onal i mages
using a singl sréﬁalgﬁ J CATEIigne Yot ird esd p'iaaylaﬂ Phe dpeRcdi eRskapal

| mages using a | ens of an enl arger. The foll ow ng description,
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phot ogr aphed y arraye ens canera
conposi ng, th&heogivén tdistapaensi o'ﬁ‘a‘? length gdec £agh e ShKPA FiPRERES | PPm‘BF t he
camera is proheeéﬁd;ﬁgh&ﬂygil atd the ristandeRE ené atiged Brdmo thel beticullar

screen theit gssgggfn In ar‘: ciulaio rOpOf?ELe Qcmﬂ:e"?% %ﬁ@%lta'ngeo the

mat eri al . rec | one onal rel-ati1 onshi

(i.e., orthos@BEiL‘éaJefcleééﬂ's 20" °ft‘Fﬂ? 188Kk} FiaEn§FEESY TPhERT HePe FA5- g(‘}gE 7)
shoul d equal ftlEeppsjatiting, the ahgtd o, Hbelefihad gor thEi goreptdhg anpglet Ber

vords, the cageid SRQUidkinea ,ﬁaxesngfehehmeﬁ £13% Lhe #Ak2088Tanglle
et hod of the 'inventi articularly concer ?g‘gﬁ I‘OVI

refining the é’éﬁ*bo%'i%@e%’%%?ﬁe%g?rfé‘eaﬁ"%?d'pa}%ﬂehg Wgﬁ‘éﬁ“i aﬁc"t Ence
with the invention. Accordingly, the invention provides a nmethod and

appar at us fsor %BQHC'dQQﬁr'rboerorleﬂU%difa% tiHLe1hdRAIRE NHereBRICSZEN A
one- st ep nd a one-step nEos ng

0
shoul d be recé’@ﬁFEb‘&?q WRLAStRAL | 4708 pFSERRF Py ASE 1470 THETR 30 1ﬁ83%sstazr| ly
cannot be uni fandmsiiA7n il Higuréerl, ol yarsy Saccdiigurag5 (of the present

invention) shows a conventional lenticular screen 10 comprised of
a plurality of cylindrical lenses, or lenticulas 12 on one.surface
20 of a transparent plate. The plate has a second surface 302 that
coincides with the focal plane 16 of each of the lenticulas 12 of
the lenticular screen 10. As with all lenses, .each lenticula:has
an optical center 20. Due to the cylindrical shape of the
lenticula, its optical center is a continuous line perpendicular to

25 the plane of Figure S.

The optical centers 20 of the lenticulas are thus linear and

parallel to the axes of the cylindrical surfaces of the lenticulas

12. Likewise, the focuses B,’, B>, and B,’ of the lenticulas 12 are
linear and parallel to the axes of the cylindrical surfaces of the

30 lenticulas. A purpose of the lenticular screen is to separate beams
of light that strike the screen at different angles and to project
linear images in a rearward direction. The separation of beams in
cylindrical lenticulas occurs along the linear optical ceanters of

the lenticulas. Therefore, to explain the working of a lenticular

35 screen, only the front view of the screen need be shown. However,
the linear extension of all the parameters depicted in the frontal
plane must be kept in mind. All points on the front view are in
reality lines parallel to the linear optical centers of the

17



for the actual behavior of the light projected through the | enticul ar .

screen can conposition of a superior three dinensional inage be
achi eved. Hm W‘Fout the follow ng description, the term + ticula
refers to a'single optical lens of a lenticular screen. 3FGRU 9§;&?"W{50rtant
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PCT/ US967 0S¥ ET™ine 3, GogfpR| dixeqtien PHgReoriel My tee 1PBHTH@sa28Ad al so
paral | el tcaheir fémruresal plane. Simlarly, a |line perpendicular to the
focal plane i s al so perpendicular to the direction of each and every

| enticul a. Thus, it is possible to define a line that is parallel to

the focal 5 pl d%8 éﬁﬁs%ﬂ“el“ﬁé gﬁnﬁel’?‘f?é:epé’f*ﬁ@ﬁd?%‘i}lkéf‘gt §h¢ ntefitdaron of
t he | ertareghast diféererd hngled Hat illwrated im Fhguien§l ehéxe theamsi dges

fo: nmed by tde ﬂ;ﬂml@wl 8s- ea%-ﬁ beher raﬁ‘ﬁh tp@rpéhcmhia@m! 't@x@t EQé‘al tfQne, “MAIN
op i cal Xi S

per pendttul® 6&“?8 %heeq‘FBEé‘fu Faﬁ%‘r'%ﬂ M 5%@@5‘%?&%%@9195% %pt Bzl 298
center of tBat |Bemms bhparallied vmieachmthexn) striike gthechentilcodar adreen i s

perpendi culidr akOah hghdfliel BERdORNAR HkHen@DEbTEH And gather at poiMisl BpOrtant
di scovery- %f the |£pyen,},ed rret{'uo t.he, zones of the

nd a
lineiformi r’na{ge shdul d o IR f‘%rsgglac?sgg%&&ween triehgole'%ascfiewc&& ﬁgﬁf t he
space underexgereed isepprratimachf | keamschi anidsbzlsn thet farr} mdepentlent Fenit, but
i nst eachs s campheté eﬁ:@b&uﬁf o Whe|ghot osesyitltion hdtatishadndeber & @t @d ar ound
a mat hermat Q. ipdARlcy, FhaHe 392, Jthagowéceasssggcceoo&g%m{m@ Bl &deLpel form
I mage wher el n y th zone & exact wdth of
t he space l)'ﬁ(&@r parallel beams in direction 304 and, without lnterrupt:.on,
-change (twist) the direction of the parallel beams to direction 306.
In this case, focused beams project from A! to A?, from A? to A’, and
20 from A’ to A' simultaneously, and the photosensitive material will
be exposed completely without gaps or overlaps. As seen in -Figure
5, the distances A'A?, A?A’, and A'A’ are equal to the width w of the
lenticulas 12. -The angle &« through which the parallel beams are

twisted is the aperture angle of the lenticular screen 10.

25 When setting up a camera or an enlarger to produce a three
dimensional image, there are five basic factors which must be

considered if superior quality is to be achieved:

1. The distance from the film in the camera to the looking
plane, and the distance from the film in the enlarger to
30 the lenticular screen, .
2. The length of the line segment to be filled with
projecting apertures.
3. The number of projecting apertures to be used.
The size and spacing of the projecting apertures.
35 S. Calibration of both the camera and the enlarger to a
standard of arrangements to achieve amalgamation of the

two dimensional images on the lenticular screen.
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the di stanse are the lenses of the camera, and the printing angle 232 (Figure 8)
is equal to the looking angle 132 (Fugure 7), then the focal plane
16 (Figure 8) of the lenticular screen will correspond to the
looking plane 15 (Figure 7) of the camera.

To one skilled in the art, it is understood that for. such a
20 multi-lens camera shown in Figure 7, the loocking directions 138,
140, 142 of the camera’s lenses (which correspond to the projecting
directions 238, 240, 242 of the enlarger in Figure 8). converge at
a single point 130 in objective space termed the looking point
(which corresponds to-the point 230 in Figure 8). The plane passing
25 through this point and perpendicular to the main optical axes of the
lenses is the looking plane 15. Regardless whether the main optical
axes of the lenses 136 of the camera are parallel, the looking
directions 138, 140, 142 are defined by lines joining the looking
"point 130 on the looking plane 15 with the optical centers of the
30 camera’s lenses. Typicaily. the lenses of the camera and the frames
of the film are positioned symmetrically about the center line of
the camera as shown in Figure 7. Thus, the looking point 130 is
located at the intersection of the axis of symmetry of the camera

and the looking plane 15.

35 If the camera and the enlarger are designed such that the
distance from the plane of the film in the camera to the looking
plane can be made equal to the distance from the plane of the film
in the enlarger to the lenticular screen, the resulting three

19



5 fromthe plane of projection, i.e., the pl ane. of ‘the projecting . ,
apertures, to the plane of the optical centers of the lenticular screen.
Figure 3 poi nt source of |ight projected onto a r
screen fr%%(}%ﬁ%m nts 74, 72 Iocat ed at different di ctf m&the

| enti cul ar t 10,1 re orddare
spread acrgglgénas%w ?hmg eat%arnt atdE OL"LlS?énJO f‘ & IP hg?1 g%aggg?rnd%

| enticul a. phwrﬂpmhsl%méﬁwh@dsaeceggwn the| jeRiinge pdrRRBtorR t he
focal planexdy eflemdrr | (@Bt thall alerficieaizedOimmes. Pawgital, $3w, s6ach 4l screte

di stance, Ly, & (?t ﬁgny &411 8femeind 7l§uce§§s%lt Ehgmeyngétﬁexw %!ﬁ e the

same as _the w € zones pro é cor.respondi hg poi nts
74, 72, re’g‘bétee’F%‘f%F? toRR On thfRe Laptiqrlar sqgpe %ﬁ&e\%‘r"'cegr%ﬁht h ¥9e

di st ance oéxdnepl| dfietlnd Kelgeepengrectisngen (1l0appatds dehindmiehdopkime of the
opti cal Ceﬁiﬂes o%otﬁ)é éam\‘éréer\;ﬂe‘fxu‘:ﬂé .key ef&ﬁe@ﬁ‘:nwn.ll be perT%1v§8 to b

Mat hematical Iy, the a zone is_given ﬁ for nmu V\,((ef/h)+1)
where w i st?’heyﬁf‘iﬁ hb‘c’)\“‘kdacﬁh‘f eRt#Rq af Fth g 'é"‘f"b‘t‘?&l screepog HtRF  each
| enti cul a, plaoicbgraps. t IThedbBiramog  Of. et. heshpirpnesOf of hehe elepemjsedthi tige

apert urgs Lé&teotsbsppé 23R8 @taesaﬁwaﬁ tcr.eruu%ér e amrete th@ M dnfel dnSCT €€N.
CGeonetri cal % s, equal to

erg ma
the di st ant‘EX%e@t \ﬁ@&ﬁsfﬁ'@' tr\ﬁo aé'ﬁégeggﬁ}’f?sﬁgpml L§§°5f a?‘i}et 9i %5?#15}’@ i mage
of a poi nt capadjidéted odntthe tIrnticularensduaghar skehi@vingr shyh adpatent

| enti cul aShovTé’Wr‘?fﬂcﬁanQ tHel O¥¢ of tHeOBRAfdaRE dfadrandigltt StRRWM BOUL

creating g S, %geen t he zones, a line segnent wider than the chord of
t he apertu alr?ﬁ *hust be filled with proj ecting apertures. 30
The accepting angle of a lenticular print systemis the angle formed by

centeriagg a zongn @het NievenicD6n f @he Idtkgeg wldaE o LinthRetnis cheoplihe focal

plane and theg. AESLEND % EH8°R 8 bRCAO RAUILRNAN screchEe OBl 02!

center enticu exa ure accepting
angl es 66 reBtdRI PHICOBERRD pr bjse‘ﬁq%be{ﬂ’é‘t aF%?lPP?)rﬁfBShet]'r?é‘tFéH?"cul ar
screen whi sbrgenOflslGabEoaasialayitng sk &5 eht pliatiehst the dp8ic&l centers

respectivelby. ¢ r@&qcn%selghd "dHie £oR0f dpﬁtnetfaﬁ @ﬁee@rawg:ular apgi& refers
to the_line segnent of thellned’g‘arall iot e

nd
per pendPcuPEraHs6 the t4iFERGSS °t HerHiEH ?’”cﬁFﬁ%e’bé‘F\Aﬂ‘?rJr 1 Bl

the projecting distance. Any object which is physically located on
the looking plane in obj ective space when the two dimensional images
are created by the camera will be perceived to be on the plane of
the lenticular screen of the resulting photograph. Similarly, any

25 object in spaced relation from the looking plane will be in the same
spaced relation with the plane of the lenticular screen of the
resulting photograph. -

2. The length of the line segment to be filled with projecting

apertures.

30 The length of the line segment to be filled with projecting
apertures can be determined geometrically for any perpendicular
distance from the lenticular screen by projecting the edges of a
zone of the lineiform image centered under a lenticula through the
optical center of the lenticula and measuring the length of the

35 chord of the accepting angle at that distance. In practice, all
that need be ascertained is the length of the chord of the angle
which if filled with projecting apertures £ills the zone with lines
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the sides of the accepting angle in the plane of projection from whi ch
the accepti mgoomges is forned (for exanple, |ine segment 88 PCI/USI6BIRIUr e
10). In general, the term"chord of an angle" as -used herein refers to
a | ine segnenéf cepaeqtinagfsrne swmatps of For amgimpland FiGuper genililaskczates t he

bi sector of tﬁieo(?e%ggﬁ gfe 4%52???9?%”%113%#%' linearl a{rti'ﬁyé&%tﬁla%fe ide¢
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in taking phofORfSHs. then lﬁPEﬂ:ft‘?% "'“Bﬁ?y"”ﬂ elr’:i’&l AP B’@g Q?eo é ?
Figure 6, twosgoen withowegapé. |ight A and B radiate |ight onto

| enticular screen 10 which focuses the beans at points Alerr] and
Blerr], respectivel tances 15 r.r Alerr and
between Alerr] and %e[’é‘rer}entd‘tcgiif)ﬁéén%lsyfﬁeems gesﬁrl n%gfé']r @evqou pat%h‘é
equal to eachhowdwsr, thg zanes wifdeke hpeifdym imagewith nep b‘fnee‘am?#reﬁﬂhul a.

The zones jget yggdy Bh@rfe]ntaadlﬂ erfrlsteaasi each %&Iev\ﬁﬁm BEeedis]plaadd E&[oaai-]is are
| i kewi se equal to each

han of. e
lenticul a; an8™f M15ar eg%ﬁ' e°f\Mt5%r ef‘(rjriéﬁ“i‘?fre Sfﬁee'iorr?eg ¥ \r}\:/eggh leern%lcul%i
Alerr], and behisleprafiered that z4ner r |The Pheuny df rfh@placementzeﬁﬁr%f@ﬁénas on
t he di stance Eﬁé%ﬁtaﬁb@ # i ens nterasfl grid§ection @ltécultae Biseatdy and
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To expose the LLog SeoMENle [ 8RbLEE (e O {126 HIALASEPILEYS rather than
only one lenticula, one-step composing can be accomplished for any
enlarging distance simply by filling a line segment equal to the

20 length of the chord of the accepting angle with projecting
apertures.

As shown in Figure 10, the chord of the accepting angle is the

line segment 88 between the point 98, from directly above a
lenticula where the projection 90 can be seen, and the point 100

25 along a path parallel to the lenticular screen 10 and perpendicular
to the direction of the lenticulas from which the same projection

90 on focal plane 16 is seen once again. To determine the length

of this line segment, a point source of light is projected onto the
lenticular screen from the desired enlarging (i.e., viewing)

30 distance. As shown in Figure 11, the point source of light 330 is
projected onto the lenticular screen 10 defining a focal plane in
contact with a diffuse reflective surface. For this purpose the
center lens of the enlarger may be used with the aperture stopped

all the way down. A viewer locates the spot 314 on the plane of the

35 projecting apertures where the lenticular screen appears brightest
when viewed near the axis 320 of the projecting aperture 326 which

is parallel to the direction of the lenticulas. The viewer then
moves parallel to the lenticular screen along a line 322
perpendicular to the direction of the lenticulas towards spot 316
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material, source A nust lighten the lenticular screen while noving
between points F and G located on the sides of angle beta ([err]) at a 30
constant Whebapgs fromthe lenticular screen. The |engt h ,[}sggm i ne
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gaps o h_,1 focal plane between zones of the i nei form i mage t he
source i 4% é'{sd"el"f ThifEasWfsi-e with Iight. The definite angle depends on
t he di stance between the pl ane of - : 16
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projection af t ht source t he t he opt i centers of
the |enti EN*EF g§ aé’éjg he SCarlee? gyd‘f‘ﬁ %‘gﬂ%ﬂgf%‘gl}fﬁéfe & g%é W EPPFNg angl e
for the gilwén The dhensaned dictapnes hdterephasrotoBlpryjeEPPbn3f itshghki ght

i_ource andeh@;eh%ﬂotﬁé\e:heédtoiietxcepbi:&[iﬁuagra@ls ofaytﬂalhﬂ@tlilaulﬂgm%ﬁeeen In
i gur les [err

segnents & éhcgureaf‘ﬁE é?he R CROP P er}:uf?lsé g%%ez% T °fstq’elmg:§n gpﬂ“ and
[err], redmeeei vély, lime up upder @hﬁerlemsqmescreewweth@#gmp@fl each chord
depends onliherrated ®yepbhe) 1angl:1e:caml bbe i Figuee f hBepeddichshyom t he

ent | oul alnehd; 86£0Tne! AT A AR by (L JARILNE L SUANCR, QUL Re Pl ane
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aperture apokGe socall biladd SeVeLd ¥4RlacRd @8- ddie focal plane of the

| enti cul ar screen.

3. The number of projecting apertures to be used.

Two problems can arise based on the number of discrete two
dimensional images created by the camera and the number of

20 projecting apertures used by the enlarger to project the discrete
two dimensional images onto the lenticular screen. First, the three
dimensional image can suffer from stroboscopic effect (i.e., the
viewer perceives two separate images simultaneously, or perceives

a switch from an image produced by one lens to an image produced by

25 another lens as the viewer moves his head). Second, gaps can appear
between the lines of the lineiform image if an insufficient number

of projecting apertures is used. ‘Gaps between lines of the
lineiform image produce a perceived loss of the three dimensional

image, thus deteriorating its quality.

30 In general, known enlarging systems have used an arbitrary
number of projecting apertures ranging anywhere from two (2) to ten
(10). The use of an arbitrary number of projecting apertures
typically creates unstable images because the number of projecting
apertures should be selected based on the capabilities of the

35 enlarging system and the resolution capability of the human eye.
As is known, the perceived depth of an element of an image depends

on the parallax of the element. As the parallax of the element
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15 = " Known designs of Ilenticulas and lenticular screens are

described in detail in U S Patent 3,494,270, colum 3, |ines 8-27, and
61-74, and Fwowrae3, 2, and 5. Figure 5 (of the present PCTIUSI/09891) *
shows a conventional |enticular screen 10 conpri sed- of a plurality of

cylindrical | ensesyses. tesntpecoeinedl@eprh ofictizuelement?2@ncydasest. r doeyesnt
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occurs al arg ubatid:um-r sepéécal migakrer $219fshows the temdeptubkasreskiier aihene,

to explain th f ul; c 0 f
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t he screen ne ear _ext ensi on
paranet ers defPEeRAHESFRRF FPBRI%E Pointsy a'ﬁ’%e rﬁ5’§f‘l b%"]?éﬂ;?xl‘?f- FrPﬁoel‘%&lePt
poi nts on t he ibr gliguve ewziar ési shown beaksty | Inegeperal.| ethe dntrrhe | dradar

8?; 'L‘rggll?)cent eerfidd® only a portion of the total parallax Ug 6/ 0989| me. WO
| enticul ast® afg 8ty CRELHH™ HBPY9RBAEER (S8 TSE*PRe (&) ST ”t?l"ﬁﬂ%% images

paral | el to thadermder lepticodbr cemeen $0 pypducefaicehexrentotpors timensional
image. When the viewer’s head shifts, the brain looks for the next
portion of the total parallax that it can perceive and amalgamates
that portion. However, in the case of the element shown in Figure
20 12b, the paralliax between each pair of the discrete images is so
large that the viewer perceives'a distinct shift in the amaigamated
image when moving from the left-most pair of images to the right-
most pair of images because of the large space between the pairs of
images.

25 Figure 12c shows the conceptual result when discrete two
dimensional images of the same element are created from a preferred
number of projecting apertures as described herein. The total
parallax, shown by 252, is the same as the total parallax 250 in
Figure 12b. In Figure 12c¢, however, the additional number of

30 discrete two dimensional images produces an effect wherein the
parallax between adjacent images is minimized, thus permitting the
brain to repeatedly amalgamate the images to produce a coherent
three dimensional image. Because the brain is presented with a

continuum of images, stroboscopic effect is eliminated.

3s To eliminate stroboscopic effect, the number of discrete two
dimensional images created by the camera should be greater than the
number of lines defining the outer edges of an element in objective
space having similar sharpness and contrast that the human eye can
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To ensure that there are no gaps between the lines of the
lineiform image, the number of discrete two dimensional images
created by the camera and the number of discrete two dimensional

25 images projected by the enlarger must be greater than the number of
lines that can be resolved by a lenticula in the direction of
parallax within the width on the focal plane to be filled with
lines, typically one zone of the lineiform image, where the width
of the zZone is defined by the distance between the plane of the

30 projecting apertures and the plane o_f the optical centers of the
lenticular screen. The number of lines that can be resolved by the
lenticula should take into account the resolution capabilities of
the lenticular print system as will be perceived by the viewer, in
other words, not just the recording capability, but alsoc the

35 transmitting capability of the lenticular print system.

‘The number of lines a lenticula is capable of resolving
{including both recording and transmitting) can be determined by

projecting a point source of light onto the lenticular screen (which
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two di nensional inmages on the |enticular screen.
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it is understb88 t n%‘ﬂ?edsu'é‘{’l & mrespletied e’h’sm@‘&f?eraé’%ﬁbmq nleYejur 857,
t he | ooki ng dbkeghtrmas. 138, 140, 142 of the canera's |enses (which
correspond to the projecting directions 238, 240, 242 of the enlarger

in Figure 8) converge at . ) )
e minimum acceptable level of brightness is selected by the

15 photographer on the basis of many factors, including the quality of
the three dimensional image. Preferably, the minimum acceptable
level of brightness is the point beyond which the recording medium
to be used can no longer recoxrd a perceivable image at normal
exposure. The viewer then moves from the second spot 316 along the

20 same line 322 in the direction of the first spot 314 so that the .
lenticular screen again appears darker, to a third spot 318 where
the brightness of the light reflected by the lenticular screen is
at the preselected level of brightness once again. The distance
between the center of the second spot 316 and the center of the

25 third spot 318 is then measured. The measured distance is the
length of the chord of the central resolution angle.

The central resolution angle is defined by the optical
projection of an image which produces the narrowest resolution line.

As shown in Figure 13, the central resolution line j under the

30 center lenticula is narrower than the resolution lines g, h, i, k,
1 and m produced by subsequent projecting apertures. The length of

the chord of the acecepting angle, as described above, is divided by

the length of the chord of the central resolution angle, as
described above, to determine the minimum number of lines to be

35 recorded within one zone so that the lines of the lineiform image
overlap. As is apparent, the resolution angle increases as the
pitch about the optical center of the lenticula is increased. Thus,

it is only necessary to determine the resolution angle directly
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a single point 130 in objective space terned the | ooking point (whi ch .
corresponds to the point 230 in Figure 8). The plane passing 25 through

this poi Woé‘ﬁfbﬁerpend' cular to the main optical axes of L@Fmsg%égenses is
1
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19 in Wowey¥-44818com, but 1nstead of looking first for the brightest
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men tern1|s use
even at aﬁ‘}PtGFhé?‘ S é#ﬁﬁ?bY Ascauntesfer. t HR Réfheas| efethe \mFFhotiﬁ)t th’é be
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avoid stro 0oscopl C e the resol vin
exposing and develop:mg a positive photosens:.t:.ve material and

performing the original steps.
4, The size and spacing of the projecting apertures.

20 A lenticular screen records only the image information that is
passed through the projecting aperture of a lens of the enlarger:
Therefore, the width of the projecting apertures should be selected
to conform to the operational parameters of the lenticular print
system. As discussed below, the width of a projecting aperture

25 refers to its width measured in the direction of the row of lenses
of the enlarger. To form a lineiform image of superior quality, the
lines of the lineiform image must be of uniform width. Factors
which affect the width of a 1line are: 1) the width of the
projecting apertures and the distance between the lenticular screen

30 .and the plane of the projecting apertures; 2) the intensity of the
projected image; and 3) aberrations in the lenticular screen.

The width of a line is determined theoretically by the width
of the projecting aperture and the distance between the lenticular
screen and the plane of the projecting apertures. This theoretical

35 model, however, is distorted due to the characteristics of the
lenticular print system. First, the width of each line. is a
function of the intensity of the projected image; the brighter the
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capability of the lenticular screen. Achieving this result, however,
requires the use of the standard of arrangenents descr.i bed herei nafter.
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with projecting apertures fills the. zone th |ine .
20 prol tggt pthe lenticulas oé] lené}cu ar screeﬁ% are ideal, and thus

15 capable of creating exact lineiform images. In practice, however,
aberrations in the surfaces of the lenticulas can, and usually do,
create distortions in the path of light through the lenticula.

Figure 15 shows the path of light through a typical lenticula

of a lenticular screen having aberrations. Light from point source

20 of light 14 projected onto the surface of the lenticular screen 10
. produces an image on the focal plane 16 under the optical center 20.
The image produced is distorted due to the aberrations in the
surface of the lenticula, and thus is spread across the width of
space 22. Additional distortion is seen when the image is viewed

25 through the lenticular screen due to the resolving power of the
lenticula and the resolving power of the photosensitive material.

The additional distortion causes the image to be spread across the
larger width of space 24. The magnitude of these cumulative
distortions is related to the angle of incidence of the radiated

30 1light. Further, these distortions are proportional to the focal
length of the lenticular screen. Thus, the total amount of
distortion due to imperfections in the lenticular print system is

fixed for a known enlarger and lenticular screen.

Accordingly, there is an inherent lower limit that the width

35 of an image projected on the focal plane of the lenticular screen
can occupy. The narrowest line of the lineiform image that can be
resolved by the lenticula from a projecting point, as seen by the
viewer, is termed a resolution line. If a projecting aperture
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20 30, are narrower than the line depicted in Figure 16a.

Because the effective width of a line depends on the intensity
of the image projected, the width of a line varies over its length
in accordance with the intensity of the image being recorded.
Figure 17b shows two adjacent lines of the lineiform image exposed

25 at different intensities. Figure 17a shows the same two lines, from
above, as they would appear in a three dimensional image where the
intensity of the image varies over its length. The lines are of
uneven width and thus create gaps and overlaps in the lineiform
image. To ensure that the lines of the lineiform image will be of

30 uniform width, either the intensity of the image must be held
constant over the length of the image, or the images must be
projected within the physical limits.of the lenticular print system.

The method of the invention relates the width of the lines of

the lineiform image to the resolution limits of the lenticular print

35 system. If a line of the lineiform image is limited to the width
of the resolution line of a lenticula, each line produced will have

substantially the same width as its corresponding resolution line.
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center lens of the enlarger may be used with the aperture stopped al |
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apertures to _
15 of the projecting apertures, i.e., the axes in the plane of the

projecting apertures and parallel to the direction of the
lenticulas, equal the length of the chord of the central resolution
angle.

Figure 13 illustrates the importance of the discovery of the

20 central resolution angle delta (6). For the lenticular screen 10
having a focal plane 16, each lenticula has an optical center 20 and

the line segments indicated by g, h, i, j, k, 1 and m on the focal
plane 16 correspond to the lines of the lineiform image resolved by

the lenticula in response to a light source. The widths of the line

25 segments g, h, i, j, k, 1, and m represent the resolving power,
i.e., the widths of the resolution lines of the lenticula having
optical center 20. As is known, the narrowest line is located on

the focal plane directly under the main optical axis of the center
lenticula. Therefore, the width of the central resolution line j

30 in Figure 13 is the narrowest.

The central resolution angle é is the resolution angle of the
resolution line located directly under the optical center 20 of the
lenticula. As previously described, the central resolution angle
is created by geometrically projecting the ends of line segment d

35 through the optical center 20. By locating a projecting aperture
208 at a distance h from the plane of the optical centers of the
lenticulas completely inside angle &, and with the main optical axis

of the projecting aperture coincident with the main optical axis 310
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15 angle 6, the viewer will see a greatly diminished brightness
reflected by the lenticular screen. As previously described, the
length of the chord of the central resolution angle is determined
visually based on this effect. The width of the central resolution -
line under the center lenticula (j in Figure 13) is equal to Lf/h;

20 where h is the distance from the plane of the projecting apertures
tc the plane of the optical centers of the lenticular screen;.:L is
‘the length of the chord of the central resolution angle at the
‘distance h (line segment AB in Figure 13) ;- and f is the focal length
of the lenticular screen. '

25 As illustrated in Figure 18, the central resolution angle can
be utilized to measure the resolution characteristics of a retro-
reflective lens system. A test lens 412 is positioned at a distance
f equal to the focal length of the lens abdve a diffusing screen

| 416. A two-way mirror 400 is positioned with its reflecting surface

30 at a distance p above the lens and along its main optical axis. A
point source of light 402 is located in a plane parallel to the
diffusing screen 416 at the perpendicular distance p from the
optical center 420 of the test lens 412. A sensor 404 having a
viewing direction coincident with the emitting direction of point

35 1light source 402 on test lens 412 is movable_ laterally on a plane
418 which is parallel to the diffusing screen’ 416 and perpendicular
to the main optical axis 410 of the lens.
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oéﬂltlon In the method of the invention, the central resolution
angle is the angle defined by the chord which when projected through
the optical center of the lenticula from the plane of the projecting

25 apertures produces a line on the focal plane of the lenticular
screen having a width equal to the width of the central resolution
line. The length of this chord can be derived for any distance
between the plane of the projecting apertures and the plane of the
optical centers of the lenticula (h) once the width of the central

30 resolution line (j) is known by using the formula jh/f.

It is rare that a linearly arrayed row of projecting apertures
can be constructed so that the edges of the projecting apertures are
in edge-to-edge relationship, as illustrated by the lens set 40 on
plane 52 in Figure 19b. Fortunately, because a lenticula cannot

35 resolve an image on the £focal plane smaller than the central
resolution line, the width of each projecting aperture can be less
than the length of the chord of the central resolution angle, i.e.,
less than necessary to completely £ill the central resolution angle.
Any lens set constructed with the width of each of the projecting

40 apertures narrower than the length of the chord of the central
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focal length of the lenticular screen f, the distances between the

secondary axes of adjacent projecting apertures r (48 in Figure

19a)), and the distance limit. . h between the plane of the optical

20 centers of the lenticular screen and the plane of the progectlng
apertures, are related by the equation h/f = r/j '

The proof for the existence of the Plane of the Distance Limit
is as follows: If there is a segment of straight line parallel to
the focal plane of the lenticular screen and perpendicular to the

25 direction of the lenticula, there is between this line segment and
the lenticular screen a distance limit from which, or from a greater
distance, the central projection of the length of the line segment
resolved by the lenticula and the photosensitive material is equal
to the width of the central resolution line. The plane parallel to

30 the lenticular écreen, on which this line segment is located is
called the Plane of the Distance Limit. When printing, a condition
exists where the plane of the projecting apertures is at the Plane
of the Distance Limit for the distances between the secondary axes
of the projecting apertures, or is at a distance greater than the

35 1limit distance.

Figure 20 depicts a lens set 40 in which the projecting
apertures are wider than the central resolution angle 38 and, thus,
are closer than the distance limit. The lens set 40 is undesirable
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15 of moving the projecting apertures substantlally radially
outward inside the angle equal to the aperture angle with its vertex
at the point 230, while keeping the projecting directions 238, 240
and 242 constant. Moving the projecting apertures according to the
method of the invention ensures that the projecting apertures remain
20 within the accepting angles 208, 210, 212, and therefore completely
£ill the zones of the lineiform image without producing gaps:between

the lines of the lineiform image.

It will be recognized by one skilled in the art that the above
discussion, although directed to the composing steps, is also

25 relevant to the photograph taking, or imaging, steps. The
photographer selects the lens set for the camera lens with regard

to the subject being photographed and the lenticular screen to be
used during the composing steps. When determining the arrangement

of the lenses, the photographer sets up the camera so that the
30 linearly arrayed row of lenses fills an angle equal to the aperture

angle of the lenticular screen with its vertex positioned on the

looking plane selected to be the focal plane of the lenticular

screen in the final photographic print. Thus ensuring that the

angle of coverage of the camera will match the angle of coverage of
35 the enlarger when printing the three dimensional image.

5. Calibration of both the camera and the enlarger to a standard
of arrangements to achieve amalgamation of the two dimensional
images on the lenticular screen.
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then noves from trhe peaceithsSRd 84 Gerh@NEnbbRs 28 GRITBahd P s3Pended LNE

o reott on Obab sl A8hal 50 koS ons e SSETS) B 0
refl ected bQiF%qequ dimensisprbdpmages recorgedidnethy intsmmedodte apdiumf
bri ght ness enge, agré nfilnhemgdits ) CArrangeebde€Rat hEns eihgdeLl wifte second
opot SLOSAE B ARG WanilCafd chlbidhsilr Vlchial 18T Aoy e
angl e. - lenticulggesexasn; al Thee FOF Lt §a3H OB REoblem e bt da¥aPhere fapes cal
proj ection g@h pRodutigg Whithbed @UERSoAIIE THAGEOWES hmd Riatladih®Nthd Nwo As
Tent oula | Sohéheitnal MRAEEE Nnd PO heikfa WREEL | WsdSTeRl
produced by2SEEGlENnt PPopeRigRy %ékt%‘};sﬁ‘c%_étéeﬁ@ﬂg’aé‘ﬁﬁm ehethshord of
Eﬂe aﬁcegt i dgzmwugdee;wcas;ﬁamrfolnbwplinalgeyesl:om idh vigimi___g by, _taedééfh%ﬂaeﬂ@tﬁ of

e chord o . e : . ove. . to
‘determi ne the m n%ems}ﬁn{r%uh%yg?)(eoﬁ##%egp%o le gtrlencoggeg%flvmgt nceo‘ﬁ'%l%hone SO
that the |iAER %6 Pt p@aloapated ¥R FRYExamPley @PERH 120 A Ascayiancenyith he
resol uti on angtandardrefsesasgenenes to whitbhrr@benlatdes Optdaddbraeed er of the

lenticula is increased. Thus,. It is only necessary to determ ne the
resolution angle _directl 25
VO 97/ 46913 The term *standard of arrangements" refers to BRysjesgrueen

above fhke vplati@nshamberwedn the damara‘cullenses,. ehe enldngege gt Yegises and
the linearly arrayed row of discrete two dimensional images recorded

on the intermediate medium which satisfies the following three

conditions: 1) the projecting apertures of the enlarger are placed

at a distance from the lenticular screen equél to or greater than

20 the distance limit; 2) as shown in Figure 21, discrete two

- dimensional images 135, 141, 147 of an element in objective space

to be amalgamated to point 120 on plane 121 are substantially

equally spaced, and the distances between.the outermost images 135,

147 and the ends 103, 101, respectively, of the chord of the

25 -accepting angle are equal to one-half the distance between the

adjacent images 135, 141; and 3) the optical centers 112, 114, 116

of the projecting lenses on plane 108 are equally spaced on radial

. lines 126, 128, 130 connecting the images 135, 141, 147 of the
element in objective space to be amalgamated to the point 120.

30 The above conditions permit the camera’s lenses to cover an
angle 110 equal to the accepting angle of the lenticular screen,
~while allowing the optical centers of the projecting lenses to be
placed in proper relationship to the two dimensional images, thus
obtaining orthoscopic effect. Further, the images of any element

35 1in objective space at the vertex of the angle 110 equal to the
aperture angle of the lenticular screen (i.e., where the looking
directions of the camera’'s lenses converge on the looking plane)
will be amalgamated to a single point on the focal plane of the
lenticular screen such that the images arefcoinciden:. Of primary

34



resol ution angl e. An alternative nethod for determ ning the

nunber of |ines of the lineiformimge that a lenticula is capabl e of
resol vi ng Wgtdéiugofs One zone is to expose the negative phot openaisvénsss1
material of the | enticular screen to a source of light and then devel op

the negative lmpormsﬁé'lsﬁﬁé"?v&éﬁit €hidtal thel Npacingebtt e deages neot e sane
st eps inawell-lit room but i.nsfe ki fel b 811 F Qbob B& 5 _
bri ght est pr?BSf‘:'e & l\’/?s'eevripe?nlo(f&gg#b?ﬂts Eéea%%?k%%egggté% 'T%eogdvgr%ngge of

this 10 al t efndiheveelemenbdon s thhaloeking dapat £8nbsf APALIFNAGESs HMsitheve

material is tlwptebyraceereded for. In either of the nmethods, the

di stance between the brightest (or darkest) first spot 314 and the

second spot 316 at the preselectéed m ni nrum acceptabl e | evel of )

bri ght nessS ( dar knd¥¥) caBaTapEhifRSIRATE S h 8L PR iRl EYASHBPRH R 11529550 vi de

an approxi mater BRasedsr @het éeneangil difjethivec Ispade ofo tthet the deagesm|fit

resolution angle;,Ths DRINod M ARcRE 25CAMIrgahed Pitn cheekaeﬁmlgand
n

devel opi ng a positive photosensitive naterial and gerform l%

ori gi nal stependitions, has TR cqmpgn, R¥agfard gt oAITARIPIESEEC (A that
apertures. éflarger. Ahhentanyukbapes of ebentricuda dwyohe yuseldeas igg@ as the

I'nf or mat i og tﬁ?etrth%ﬁean%l%a%%eghé he2dgBuidie sRreeCld RYuaPerd Wi Qbefcdns of

t he enl arger. retore, the wdth of the _projecting apertures should
be sel ected &9%eofRBifEh thf (RESED A% FB‘F]aﬁnlﬁﬁ?éﬂe"feéfsc%‘%ﬁrﬁﬁgf%ht i cul ar
pri nt system As discussed below, the width of a projecting aperture

25 refers to its pipdtb; APASWRAcE RikBEed ERS iREndionk & mag¥E WonkEegsisa
of the enlarger. T '

o forma lineiform]| of, superi_or al |,
Pl nee of 1 e 8RB E ko Bob FAT P AR A e B L dandall rou |
affect the wiclff Hrebea" | i Mhiarstandaty xdvwe ofi thagest capede usedrty APLipglly
aperturesigndciNg dist - @pheieean HbsmdteAthlly Balshrar) 30 divulosba i ane

of the projecing Reriutcs, s2), (A ALeasd tdnlivokDf o ol Yelgherth | gEOC:

and 3) aberrations in erfftrcul ar scr ]
line is deterwrangempeey et fal |Shepy PRREIGHI@EL Standgrd n&oWr oPEct iHi§Ies
aperture and iAdsordiiagdncalbebnesss hhié entatders| calibrated to this particular

standard row of images will be interchangeable. In all cases,
20 installation and calibration of the camera’s lenses and the
enlarger’s lenses are made in accordance with .a standard: row of
images which is selected by taking into account the foregoing
requirements of three dimensional imaging. To achieve accurate
amalgamation of the discrete two dimensional images on the
25 lenticular screen and to avoid deviations in scales on the
photograph caused by manufacturing tolerances and aberrations in
lenses, at least two reference points positioned at the preselected
looking plane must be recorded by the camera on the film; thus
creating a standard row of images to be projected by the enlarger.
30 The set of images of each reference point is then made to coincide
on the focal plane of the 1lenticular screen by adjusting the
positions and the focuses of the lenses of the enlarger. The same
method can be used to calibrate an additional camera to the standard
row of images by projecting the standard row onto a screen
35 positioned at a preselected looking plane and adjusting the
positions and focuses of the lenses of the camera such that the set
of images of each reference point coincides on the preselected
looking plane for that camera. Thus, the camera, the enlarger, the
row of discrete two dimensional images recorded on the intermediate
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screen and the plane of the projecting apertures. This theoretical 35
nodel , however, is distorted due to the characteristics of the

lenti cul system First, the width of each lin functjon
of the |?1‘{en3| of the projected inmage; the brighter themj:'ls’m'?g‘"”"”"l
26 mw d6edei -

dard of ts £
PCT/ US96/ 09891 npr 0] ect eaalil nénfgeo %rrang?i%rn tsheoﬂ nae1 inter AddIt F%%aﬁ ly,

di storti off¥S*®®-aused by aberrations in the lenticul ar screen limt the
wi dt h of a line that can be resolved by the lenticular print system

Figure 14 "'Uﬁ%rﬂ.&ﬁﬁdﬂ‘hgﬁlt BeOknbi gbiadidnatG a&my Gkl Yeaheplrd ect

| enticul a, Li ﬁro ect ed rom oi Nt source of onto the
surface of®BH tF %Ir%ﬁgaEi:Yeese 51 %dﬂ\?g?@e‘éreafe% sac?"é?% "anebﬁl‘?ft 18 on
focal pl apbod_cfgraplﬁhe cptigwionsentagy BE hendlwsl.poi Mor exampleughfwha ch any

ray of |i ghbeiAsshos éJ?JkOéJQJ'icEG@e i @ndicul éne cam@:?iap%r f&ﬂ‘é@sler}%e@e&;d

devi ati on, The s _construct t hat | i ght
radi at ed P?Br’r?g &8’35’4 %’&ﬁvéﬁﬁeé ST RE a"gelefo F 5?1aré’e§t cf’ﬁje‘; ?0/‘? nt where |
the ray padiusted te @lghrithe pianecef amalgamanien. | i showetin Fimureohl pl ane
of the | efbi{ny @he Sfégaenve.«mwm 140, 1zet&pa5awdoapaaéﬁ1qﬁaamsc@rﬂwci ng

thr oo TSRSLOS] of TPISS BT B1ane IA3het D enLLEAY i3S Of dignEbe o

screens argct aeal crea ex orm i mages.
In practi Btantiefetis 1ent1°‘&¥?é-’r Faﬁ@ns I tt*‘ﬁe“%ﬁ&%%saréf me¥Rd fawardul as |
can, and usuthayiedq,os thel entagedivElar tdeONserceivée pat hoeatidrghtag hr ough
the lenti Eg{ul CLﬁely if t]];ze n%:dag'f{rgs JéeSQB\QédtélﬁwQ?&h 9f ]!a{nghtloﬁhr h a !

typical len nticul ar screen having a errat | ons I ght from
poi nt soulBRIDYidi he FRrceives 8f ctr@diomiid2t he’rh§ﬁFf%f&’é15f’ Yhe&breES cul ar

screenslOwill yemadly es:capnizmgeaon siihélddyal ofHeameariipulatiend leenops | cal
center 20

performed.

- IT. APPARATUS

Numerous apparatus can be employed to produce the desired

results using the methods for producing superior quality three

20 dimensional images described herein.. In each case, however, the
gquantity of lenses in the camera must be the same as the quantity

of lenses in the enlarger.

A camera according to the invention, in its simplest design,

includes a row of lenses having main optical axes that are parallel,

25 - calibrated to a standard row of images in accordance with the
standard of arrangements, and set into a linear plank. The focuses

and the spacings between the lenses are fixed. Coupled with a
shutter and aperture mechanism, each lens will create a discrete two
dimensional image on the film separated by partitions within the

30 camera. In this configuration, the camera is designed to be used
at a fixed distance from a preselected looking plane chosen by the
photographer to obtain a desired result. The camera can be modified

so that the plank of lenses is interchangeable, permitting the
photographer to replace a row of lenses having a given focal length

35 with another row of lenses having a different focal length. Each
interchangeable plank of lenses, however, must be calibrated in
accordance with the standard row of images herein described. The
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The i mage produced is distorted due to the aberrations in the surface

of the lenticula, and thus is spread across the w dth of space 22.
Addi tional dweiassedn i s seen when the image i s viewed 25 t hreoryiosedooss
| enticul ar screen due to the resol ving power of the | enticula and the

resol ving povesméxa tnidgr RS Ofedltidei weph@tlerdfallenses  Hevingdvariaklel focal
distortion CaEé&i&k{;@o u%@ﬂ,%fw%es 1§p&§ﬁgeaeﬁ9%%ai£se of thd ¥BCainkndliBnel

space 24. ghit e cumul ative distortions is related to
the angle of tWegefence of the radiated 30 light. Further, these
distortions are proportional to the focal | ength of the lenticular

screen. Thus, theel Qﬁa@lcaﬂ\gpymthecgnlargezd hﬁ&q{atve%vdggl lc@nEiPeft@ehE0Ns
|nthelent|cular print systemis fi

a nd
| enti cul ar SscFéEft, the enlarger m)?\Xc’d"rcd'luﬁﬁl"’S/St?We‘?"@r?’sp ’Jhgfgﬁ?s %80@?9
limt that theabhddprizdlohxes thmgerpr paxtiled qutmmé@w 8 inge apff ikped

l'enticul ar Scﬁgggance b‘é@Qe&?Q‘l‘xﬂy flf@%ﬁ@&ﬁ@%t&sbﬂglmvet Recé+inal bar ghenMage
t hat can be resol ved %l%{tj e lentjcula ;om a proj ect g g | Nt Eeen
by the vi éfBFicular sey¥ PE uBPo fPIRYEET May(bg cr?lnj 5% 2158 ture
27 WﬁmeIﬁd&iﬁﬁﬁterchangeable rows of lenses having main optical axes
PCT/ US96/ 3389 hat areof,gfﬁ%& aaslﬂa&geeo&hter@;sftaﬁaé bRk @&én rchatfllm 18] kyer

t han t he olutiaon. line of t H_‘culla hel abercrreéte}lorg“%s th he.

| enti cul ar P%F?ﬁ?“?}‘i%f'%m“\ﬁf?’fl p%'hd fie WAPEHEF (3E ST RedE o o TREi dt h
of the resohatamn | i ne. 5 Anot her source of distortion is
related to the intensity of the | ight projected onto the lenticular
screen. Figure 16g, is,a gra | Shds m@ L.ngl e
line of the linei fg?' . an, enl e gn Sé}é @llcg%%bgic* q;,g en E'lygu%néfg!r

screen. The runegn@tcgng each lens of the enlarger to be moved substantially
15 radially relative to a preselected point on the focal plane of the
lenticular screen, while the film moves substantially towards or

away from the lenticular screen and in a plane parallel to the plane

of the projecting apertures. Such an enlarger permits the looking

plane to be positioned on the focal plane of the lenticular screen.

20 Fourth, an enlarger may be constructed which includes means
for permitting each lens of the enlarger to be moved substantially
radially relative to a preselected point on the focal plane of the
lenticular screen, while the row of two dimensional images on the
film moves substantially radially. In order to accommodaCe'such

25 movement it may become necessary to cut or bend the film. This
system allows for corrections in scale and for the use of different
cameras having variably spaced lenses.

Fifth, an enlarger may be constructed which includes means for
permitting the film to be moved substantially towards or away from

30 the lenticular screen and in a plane parallel to the plane of the
projecting apertures. The enlarger further including means for
permitting each lens to be moved substantially radially relative to

.a preselected point on the focal plane of the lenticular screen.
The row of lenses could also be constructed to be interchangeable,

35 permitting for the radial movement of lenses having a given focal
length to be exchanged for another row of radially movable lenses
having a different focal length. In each case, the enlarger, like
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w dth of the graph is determned by the intensity of the Iight 10
projected onto the screen. The total width of the line is indicated

28. The and thus, the effectiveness of the Ii ni shes
exponenti a'jl;l%y&(%% wardly fromt he cent er. Thus, the 9%&/8?%‘6‘?’8% nmust
deci de wh al.ong the:sl.o hthe ntensjty of thellght i's
i nsuffici :tn . caf“nga eneryalmg?ﬁ%' ? g il é’ﬁ’é“‘\‘mﬂ £367 L c1SRIBAI §°t he nost
i ntense ar@§P°Fﬁm@éﬂ¥dCW%6FhWﬁles ofyithei twy dhwmensiegal pimAgest ed ont o

the lenticular screen. Figure 16b is a graphic depi cti on of a line of
thellnelforml Both the
actual wdth F(Pa @QQ?@&L;&;S lcf' i Ilegégfyffpsggn} Eﬁ |e\7§ WPrdth of

the I|ine, Hrﬁéﬁlé%ﬁ e%l wgthed agg, aa%rwr éﬂiérpbmgrsabmq r?é d@plset edei n
Fi gure sl6@lement in obpatdvse fgutecl tt i peodicdish 5)f salplak'ﬂ@r deperds on the

intensity dlmengior{alleahgggeofpr ?k'eegftl g r&?ﬁ?d“e‘l%ﬁl?ﬁ% : WK ‘e‘lgbelalr’]ll %?é_gver Its

| engt h in accord Br ded.
Fi gure 170eShego% the dnysptdRn. 13 ﬁ%etqaraph%r FRAR T PEWER arﬁa@ereszmg@gezs at
di f f er ent dimegaiodales. lmaEegUhQVﬂl@ SimWNBsédftﬁc_S&IEEféw | i8S, Withsut '
above, as dehgpoNiigid anReat, | fofe ! LSEKL poal LoBaG: Wasly Lhen

intensjty of the |nage vari es over Its I"engt e |1 nes are of uneven
wi dt h *hd pc"ﬁﬁémﬁ]éfaf‘ S REFD BASEIRIEr | aps i n the Iineiform i mge. To
ensure that the lines of the lineiforminmage will be of 30 uniform w dth,

either the inteRsis%aobe WAfek Bl B chE dikloin dggﬁﬁ%@h MR chde I'engt h

of the imge es Ius rojecte physi cal
lints of Sg’ﬁglg’eﬁﬂtk&?ﬁ’g}egb? |dr’lF°§‘§F%°tde’|‘ﬁre£ ate’merel Y Prasheatios ?J%/ thee
i nvent i on begkatede tdfe tiedtihveritiohe ahfdnelse girincipldse thereef,oramdi khge to t he

resol ut i Ol‘lra|rh.8h§ sndaflfi&euloaatawlaa&;e{ddst nay Y 5h88 td kne hddiaOhndhe
resolution line of a

l'i nei f |sI| ted t.he wid e
| enti il a, "gz S & rr;nodllj%veed‘tmfll PhaV those Sk1I ed{] aft |tafl§/rrt'hem§§ﬁ’étvm dth as
its correé’ﬁaﬁm—ﬁ@ rfégvoltmel SRiFimend scope of the invention. 28
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wrovre tec o o orsonc o MM o 12 verevens

presel ect ed wersgidsarzand cont rastc piLodul Nt source OPCT/US96/09891t ,

for exanple by stopping the center |ens of the enlarger all t he way
down. The | entiHaR WMIQH ISt CBAEMEBNISS | ncapabl e of recording 5 a |ine of
the lineiformimage smaller than this resolution |ine. Only the
central resolution _|ine _need be neasured tq determ ne t he maxi num si ze

of the projecting dpertdPe? FErepPfrPRientTagipg systenutildzing 3 fenpicular
previously di ssywesrdsonprdaine alpdnralitynsf i Yorgieudinalsdehtbeulak shenated

| ent : c;JI ar SCr8Rbe 18645 91 a%e tlhecaﬁqhe v{aﬁgm hePeddd réfﬂ&&ﬁg%gﬁgrﬁeg d
resol ution Jing._increas rom

of the | entél CLﬂe§1 YR Al elgaf“@ }[M(‘J’p’éh%ﬂr gentexe %%Fc’&r(iel L, Fos foFrhPLaper t“ﬁ‘Pe
produces a | i renbicelsr | Bpeedror mvimgye at henique acceppial iangliedt Bot O anlys

cor respondi ng d&§@ié€dé&ndhé%ce' Exdw the pfaufef Io?e' Eptidad BBSHELS tBal gl*L%e
di st ances bet We%en secondary,_axes .1

ect Eertures . e.,
the axes in tHe ﬁrgﬁsc%’fmt'h@nd theyr "8}188?| ﬂ@c?ﬁépgu? %1%%%63 39 | 3| vriguehe
direction of tdherd of |thet peceridngeangille thetheepdahe off Phrejedmwica. o meihod
central reswl Ws Qé\termlnaﬁghﬂxe length of the UriGuEecHbRdl héﬁﬁe’&%f’&h%hﬁuqne

| nportance of t ery of the 20, central resolution angle delta
([err]). For ¥ %@pgl a\A érc"sm F:é%’flngi(fh r\: FEvPhy a focal plane 16, each

| enticul a has an omardéal'—“t‘;’eh%@rt fgom@dpoint gource; prsiddgnedon F#ﬁjpéam%@fby
g, h, i, j, Kprbjaseioh efAtb hthef Qeatlcularpé&@enm correSpond to the lines of

the lineiformi nagelofg?ﬁjlélgdfw%% SPOE 651 I EQt | cuI a nprroejgggnse t a]rﬁl’ gght

source. The w dt hs

represent the i&8b| FrifyPpeveel to thie 1re‘ithenvﬁfdtths %ﬁnttlﬁlél?%sfélomtvmh i nes
of the |enticuliashaspotgthe lipic eaflaeerticby Zhe AenticRapecrddicappddr@est
line is |ocat q:g,leﬂtest g focal plane directly under the main optical axis
of the center l.enticula. Therefore, the width of the central resolution

li ne J 30 in Fi gurlgcigu?% atﬁ%c‘ﬁ’gr F%%egp the plane of projection and along a

second axis perpendicular to the direction of the lenticulas from
20 which second spot the light reflected by the lenticular screen
appears brightest once again by moving away from the first spotlby
the second axis so that the light reflected by the lenticular screen
appears darker; _
the distance between the center of the first spot and the
25 center of the second spot being the length of the unique chord

defined by the unique accepting angle on the plane of projection.

2. In a stereoscopic imaging system utilizing a lenticular
screen comprising a plurality of longitudinal lenticulas situated
above a focal plane in contact with a negative photosensitive

30 material and defining a plane of optical centers parallel to the
focal plane, the lenticular screen having a unique accepting angle
for any preselected distance from the plane of optical centers to
a plane of projection, and the unique accepting angle defining a
unique chord of the accepting angle on the plane of projection, a

35 wethod of determining the length of the unique chord defined by the
unique accepting angle comprising the steps of:

radiating light from a point source positioned on the plane of
projection onto the lenticular screen to expose the negative
photosensitive material;
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The central resolution angle %S the resol ution angle of the
resolution line located direc ’i m HM| cal center 20 of the

| enti cul reviously desc resolutio .
created SY/OA%#@?H cal |y pr Oj ecti ng the ends of line segne I}C?R'?ggg 9{ hr ough
the optical cen ro e 308 at a

di stance h f roma?h% °|ﬂ13ﬂ % atw%t ?hg OJc?gl%%%{rl% @?g‘%% | enticul as
conpl etely insi H@C%ﬁ?@lgea[%’rﬁﬂt smrdom the PlaneQfnPEPIgEdPn ads along ¢ t he
proj ecti ngfﬂﬁﬁi’ alth® Paraldelard thetdirdebeidmiof i leaticaniag fidh which

29 VWO 97,4691 .
PCT/ US96/ 05§5S_Lt spot &? ﬁ'él gPen’felfg'ﬁ'Fted thP(etexfdlteﬁ%fqu%re *Fhe pPBgaﬁsed on
focal pPan@agiest; @ndl| never be narrower than |line segnent j because it is

the central L1660 il #Nsdcon@.spot on the plankfof iprej&dlidnnatdi@lphgre of the
proj ecting 3 I oGl 206 d
per pendi cufg‘?%{& %E‘ ?1 %%Pe%dlgxl&q‘r 2 '?4 hgr%&qo%cﬁﬁgshg . 1Jc§|l %tgsf?mand B of

i nt er sect i BhigF secprd Fppt thev@r’-tgﬁttﬁ%ﬂé"icaég ¢ tﬁﬁg}eé’técr‘%"srulst:r?%? t he
di stance happdax® pgarkést oncemyaia bf' davihy awayr ddomitbe Ointsx kspoatailond ar

screen, 50 Eﬁé %léggné”}gélg &0 §liit?'§:fl]z (1 ﬂEn zte@egﬂeﬁ Q?(E@xehléﬂ%'ll:@la?r LLBUEY

observes the screen, I gure coincide wth main
optical axPBPTEF PFF-@*EH%‘ 13) in front VI ew only. Illuminated line j
wi || be project ede batdtanced berween tthe vemwwer olfy theefimatt ispakaandctizen and

the viewer uhid, w thePlse@Bha spot' 'Bégﬁgaéhépl@ngéll‘lof ey t\fhﬂqh@ “he¥er's eye
| ocat ed at _spot near t outside

of resol ut A8 “f‘? bXnEﬂ‘ee “’%‘mg? r%“\?r% °§e§ﬁ5 lE;J!raglaet P °Hreﬁf'j§?fed
bri ght ness reflected by the Ientrcular screen. As prevrously descri bed,
the  islength ef th@n@h@tﬂo&iaftdielﬁenwe?dememelpﬁdceaeﬁengheeinﬁcdeier m ned

visually bggegosoz{]tztv@ gngf E?é’nt. whlrc]g ¥v{rst spot 1$d Csee@i:['rél sﬂ;oetscf:lhlét '1991:1:
reflected by the lenticular screen appears brightest.

4. In a stereoscopic imaging system utilizing a lenticular
screen comprising a plurality of longitudinal lenticulas situated

20 ' above a focal plane in contact with a diffuse reflecting surface and
defining a plane of optical centers parallel to the focal plane, the
lenticulas having a constant central resolution angle for any
distance from the plane of optical centers to a plane of projection,

"and each central resolution angle defining a unique chord of the

25 central resolution angle on the plane of prbject:ion, a method of
determining the length of the unique chord defined by the central
.resolution angle comprising the steps of:

radiating light from a point source positioned on the plane of
projection onto the lenticular screen; -

30 locating a first spot on the plane'of"projeccion and along a
first axis parallel to the direction of the lenticulas from which
first spot the light reflected by the lenticular screen appears
brightest; and

locating a second spot on the plane of projection and along a

35 second axis perpendicular to the direction of the lenticulas from
which second spot the light reflected by the lenticular screen
is at a preselected brightness by wmoving away from the first
spot along the second axis so that the light reflected by the

lenticular screen appears darker;
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| i ne under the center |enti 13) is equal to Lf/h; 20
where h is the distance froﬁ",me ,I"“ﬂ mﬁ ﬁe projecting apertures to
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15 6. In a stereoscopic imaging system utilizing a lenticular
screen comprising a plurality of longitudinal lenticulas situated
above a focal plane in contact with a negative photosensitive
material and defining a plane of optical centers parallel to-the
focal plane, the lenticulas having a constant central resolution

20 angle for any distance from the plane of optical centers to a plane
of projection, and each.central resolution angle defining a unique
chord of the central resolution angle on the plane of projection,
a method of determining the length of the unique chord defined by
the central resolution angle comprising the steps of:

25 radiating light from a point source positioned on the plane of
projection onto the lenticular screen to expose the negative
photosensitive material;

developing the negative photosensitive material;
locating a first spot on the plane of projection and along a

30 first axis parallel to the direction of the lenticulas from which
first spot the light reflected by the lenticular screen appears
darkest; and

locating a second spot on the plane of projection and along a
second axis perpendicular to the direction of the lenticulas from

35 which second spot the light reflected by the lenticular screen is
at a preselected darkness by moving away from the first spot alag
the second axis so that the light reflected by the lenticular screen
appears brighter;
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angl e, | S rencicul 8535080 OGOl e RAAPEEBlckeld | | Lhe central

resol ution an | ens set construct wth the width of each of
the projecting 40 apertures narrower than the length of the chord of the
central 9. A system for producing a Fkereoscopic image from a

20 plurality of discrete two dimensional images of at least one element
in objective space, said system comprising:
means for creating the plurality of two dimensional images;
and
means for printing the stersoscopic image comprising:

25 : a lenticular screen comprising a plurality of
longitudinal lenticulas situated above a focal plane and
defining a plane of optical centers parallel to the focal

' plane, said lenticular screen having a unit:;ue accepting angle
for any preselected distance from the plane of optical centers

30 to a plane of projection, and the unique accepting angle
defining a unique chord of the accepting angle on the plane of
projection; and

projecting means in spaced relation to and operatively
associated with said lenticular screen for projecting the

35 plurality of two dimensional images onto said -lenticular

screen.
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to be filled with said plurality of overlapping lines is greater
than the number of lines of the lineiform image that one of said
plurality of lenticulas can resolve on the focal plane within the

20 preselected width.

13. A system according to Claim 11 wherein the plurality of
two dimensional images is greater than the number of lines defining
the edges of an image having substantially the same sharpness and
contrast that the human eye can resolve over a distance equal to the

25 parallax of the element in objective space having the largest single

parallax when viewed from the preselected distance.

14. A system according to Claim 9 wherein said means for
printing further comprises a photosensitive material in contact with
said plurality of longitudinal lenticulas of said lenticular screen.

30 15. A system according to Claim 9 wherein said means for
printing is a multi-lens enlarger and wherein said projecting means
comprises a plurality of projecting apertures substantially equally
spaced along the length of the unique chord defined by the accepting
angle on the plane of projection.

35 16. A system according to Claim 15 wherein
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the distances between the secondary axes of adjacent
projecting apertures of said plurality of projecting apertures are
no wider than the length of the unigue chord defined by the central
.resolution angle on the plane of projection.

20 . 18. A system according to Claim 17 wherein
the distances between the secondary axes of the outermost of
said plurality of projecting apertures and the respective ends of
the unique chord defined by the accepting angle on the plane of
projection are substantially equal to one-half the distances between

25 . the secondary axes of adjacent projecting apertures.

19. A system according to Claim 15 wherein
each of said plurality of lenticulas has a constant central
resolution anglé for any distance from the plane of optical centers
30 to the plane of projection, each central resolution angle defining
a unique chord of the central resolution angle on the plane of
projection; and wherein
the number of said plurality of projecting apertures is equal
to the length of the unique chord defined by the accepting angle on
35 the plane of projection divided by the length of the unique. chord
defined by the central resolution angle on the plane of projection
rounded to the next whole number for any fraction of said number;

and wherein
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33 Wohe 7sepsmdgry axes of ad]acent projecting apertures.

PCT/ US96/ 09891 The positions and the focal |engths of the

. a t he OSItl ns and
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i nt er medi #°e ﬁﬁﬁ?ﬁ‘fﬁg the plurality of two dimensional images is a multi-lens
camera comprising a plurality of optical lenses, each of said
plurality of optical lenses having a main optical axis, the main
‘optical axes of said plurality of optical lenses being parallel, and

wherein said intermediate medium is a photosensitive material.

20 21. A system for producing a stereoscopic image from a
plurality of discrete two dimensional images of at least one element
in objective space, said system comprising:

a multi-lens camera for creating the plurality of two
dimensional images and for recording the plurality of two

25 dimensional images on a photosensitive material in one step, said
camera comprising a plurality of optical lenses, each of said
plurality of optical lenses having a main optical axis, the main
optical axes of said plurality of optical lenses being parallel; and
' a multi-lens enlarger for printing the stereoscopic image

30 comprising '

a lenticular screen comprising a plurality of
longitudinal 1lenticulas situated above a focal plane in
contact with a photosensitive material and defining a plane of
optical centers parallel to the focal plane, said lenticular

35 screen having a unique accepting angle for any preselected

distance from the plane of optical centers to a plane of
projection, and the unique accepting angle defining a unique
chord of the accepting angle on the plane of projection; and
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respect i velipagepfwithouthgans between BBJa%Rmeéwwg angle are equal to
.one-half the distance between the adj acent i mages 135, 141; and 3) the

optical centers 112, 114 116 f L pr o gnses. on | ane_108 are
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141, 147 ofPlymality of|HEssxete ’n"”%lﬁ@&t‘?’:ﬂé‘%p’d’@@eﬁ&ﬁoét d—ﬁaF'géW&t%’cF“teétt he
poi nt 12%). in 8Bjective Fhsceabeuid eadst f@nprpeting cohpgricdng: a' S Ienses to
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projecting means in spaced relation to and operatively
associated with said lenticular screen for projecting the plurality
25 of two dimensional images onto said lenticular screen;
wherein said projecting means projects the plurality of two
- dimensional images onto said lenticular screen to construct a
lineiform image on the focal plane comprising a plurality of zones
without gaps between adjacent zones, said plurality of zones
30 comprising a plurality of lines corresponding to the plurality of
two dimensional images without gaps between adjacent lines.

23.° A means for printing according to Claim 22 wherein said

means for printing is a multi-lens enlarger and wherein said

projecting means ' is a plurality of projecting apertures

35 substantially equally spaced along the length of the unique chord
defined by the accepting angle on the plane of projection.

24. A means for printing according to Claim 23 wherein
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the distances between the secondary axes of adjacent
projecting apertures of said plurality of projecting apertures are
no wider than the length of the unigue chord defined by the central

resolution angle on the plane of projection.

20 26. A means for printing according to Claim 25 wherein
the distances between the secondary axes of the outermost of
said plurality of projecting apertures and the respective ends of
the unique chord defined by the accepting angle on the plane of
projection are substantially equal to one-half the distances between

25 the secondary axes of adjacent projecting apertures.

27. A means for printing according to Claim 23 wherein
each of said plurality of lenticulas has a constant central
resolution angle for any distance from the plane of optical centers
to the plane of projection, each central resolution angle defining
30 a unigue chord of the central resolution angle on the plane of
projection; and wherein
the number of said plurality of projecting apertures is equal
to the length of the unique chord defined by the accepting angle on
the plane of projection divided by the length of the unique chord
35 defined by the central resolution angle on the plane of projection
rounded to the next whole number for any fraction of said number;
and wherein
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phot ograph caused by manuf actur s and aberrations in

| enses, at | east two reference mm '@mu at the presel ected

| ooki ng pgqf@, @h?t be recorded the film (gﬁt?ﬁ?swsﬁreat' .ng
a standar roév | mages to be projected by the enlarger. % e Set of

| mges of each ISR’ 8RCEa PRl Phurks Ll TGl idieklfes nal" o §83H0CA
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focuses of dcpL RS BIFRIRIIEM r§8rtheTﬁ8 3y pgane ang3 | R&FOBIFHEH8ed to
calibrate am atidi plamalofc prejectiont bed spawewddell to theoWivéctimges [tjie

proj ecting 1teblelg‘gfggdaqurmrggﬁo a screen 35 positioned at a presel ected

| ooki ngEs:)l ane and a éustl n itions d focuses of the |enses of
the caneta such Pfat HHEE P etw&f’“ n‘éﬁes SEPONREK rBfeS eRe FAafFENt

coi nci des @rotjbetirespbevines of salidakiurglptnwé ﬁmjetr-‘hémg @mtvaresTlame t he

canera, t hes&BEQﬁtngllyté}ﬁxal to EAYW 1@hgth $2T @leful itiediBiaSaOFHed BRURS
recor ded on t he inter

WO 97/ 4691 entral reso tlox;[ angle on the plane of pro:ect:.onpd’a%gg@rséggl
medi um and themhesdmes&eta@pan@meﬁ@@nﬁa@wn&w PhAt Eied opbeiaat of

isyst emio 4 sar:]Ld plurd3y t{es ]Eﬂﬂoaéémgoap&f&rreel aid mhfésﬂaetwerbﬁdief oganmera’s
enses an e atives .o g e e et (0]

phot ographlrclfl sf‘f"g"é? [ oord 85%%'& %g gﬁ CC%%I‘—‘“O? aang}g %(a“'e '%ﬁ'ane °§

phot ogr aphé@royeskion pre subatantighly Redk te aRer bakf F'@ﬁ/\ﬂb#tawé@tmeen not

effectivel ythel bécddtRrgCandy iciJadjtPear piejecbimy Gperemdsd be adjusted to
alter the plane of anal gamation. As shown in Figure 21, novi ng t he
negatives 134, 140, 146 on plane 104 linearly adjusts the 10 | ocation of
the | ooking pl ar®®-of Pt RESYSIhEPH Prefueindea IFerREsFARLS image. FPURRLS3Ngt he
lenticulsmr screewrankf fohecreagand vesplarelimyed idlearete twot dipdranieonadd6, the

image will jhe per 5 e)IcLa‘grt é&cgiénﬁ.{}ztl 1Bobject {RN¥FESELYA i fort BEcdiREAl! Ves

are noved out war ane
a J.nearly a rayed standard row of images on an intermediate medium,

said means for creating comprising a plurality of linearly arrayed
optical lenses having looking directions which converge on a
20 preselected looking plane; and
means for printing the stereoscopic image comprising:
a lenticular screen defining a focal plane; and
projecting means in spaced relation to said lenticular
screen for amalgamating the two dimensional images onto the
25 focal plane of said lenticular screen, said projecting means
. comprising a plurality of linearly arrayed optical lenses
having looking directions which converge at a single point on
the focal plane of the lenticular screen;
wherein said means for printing is calibrated to the standard
30 row of images and prints the stereoscopic image in one step without
moving said projecting means relative to said lenticular screen and
without moving the intermediate medium relative to said lenticular

screen.

29. A system according to Claim 28 wherein said means for
35 creating is a multi-lens camera and wherein said means for printing

is a multi-lens enlarger.

30. A system according to Claim 28 wherein said intermediate

medium is a photosensitive material.
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I mage wi'll be perceived at | ocaf killed in the art 15 w ||
readily recognize that, siml aa1 I“mumjlllmuﬂm at i ons can be

performed. wo97/4é913 APPARATUS * ¢ " Nun®rous appar at USPCEHUSY509891
enpl oyed to produce the desired results using the nethods for producing
superior quality tnee 20sybtemnsoonaodiuchiges shExensbemi chénagen conpr bwioly :

case, however, themeansqf@tdﬁxt%gl§r§ﬁﬁrahﬂt§r& @%f@tm REmbhSi iRTE as

the quantity . of lenses in the enlarg ra accor.di ng

to the inventiiRges Ph RE 1SafH Tt e&l%‘%’r’tfnm °bJeFFﬂ:‘f%aB§ceaaP8 Gt TREPREDT
havi ng mai n opt Liesaxdyesrdalyetl staedped abialf, ifigesadn bnatn@drmﬁ:aatstmﬂhamd r ow

of images i as@qarﬂé&fsefwé}eahfng gom mmjd pﬂ‘ux«anemem;Mém NglrSKfedl NLO
a linear plank. The, focus g ’r?éé Ienses are
fixed.  Coupl®F*GRt hieses” sppgnd @Paﬁﬁdbléps@%tsﬁ R Haﬁ‘? YUgEARTen A ||
create a di scriavéangwenbstandiaidiyseawsl fiogagelemgthbe dnd m separ at ed by
partitions wthin tﬂé%n@fé@@iﬂﬂtul chhbi &&%ng&tbbfcatlh% c‘oh Brisify.a IS
designed to be used h |stan§ r.om a‘;s) z fCt ed |80k' ng

pl ane chosen by the % S?B’Qﬁ‘éﬂﬁe?c’fec? PEIHTY 3PP AP The camera
can be nodt9i ed so triratectimaphesams gt spacass redativmetehaigedhbicular
permtting the maﬁgf&pmhl@anartqabae& acvbowuaénaleaseam\egneneo aineen
focal length 35 with, A90LNgl LWLl heRSSR08YIAdR dditopelledaaal nlgRot N

Each i nter changeé:ﬁ plﬁ enses, however,

accordance with thézwahamgd ¥ RPwRlikaget Whyd%ﬁﬁe@ed’l’t% lenses'

36 WO 97/ 4dfakdd apart by substantially equal distances .and having

PCT/U896/09§91 substantially equal focal lengths;

wherein the deviations in the substantially equal distances of
said plurality of optical lenses of said means for creating and the
deviations in the substantially equal distances of said plurality
of optical lenses of said means for printing are proportional; and .

20 wherein the deviations in the substantially egqual focal
lengths of said plurality of optical lenses of said means for
creating and the deviations in the substantially equal focal lengths -
of said plurality of optical lenses of said means for printing are

proportional.

25 32. A method of calibrating a system for producing a
stereoscopic image from a plurality of discrete two dimensional
images of at least one element in objective space, said method of
calibrating comprising the steps of:

using a multi-lens camera comprising a plurality of optical

30 lenses having looking directions which converge on a preselected
looking plane, constructing a standard row of images comprising at
least two sets of two reference points located on the looking plane
of the camera by recording the plurality of two dimensional images
in a linearly arrayed row on an intermediate medium; and

35 using a multi-lens enlarger comprising a lenticular screen
defining a focal plane, projecting the standard row of images onto
the lenticular screen and adjusting the lenses of the enlarger such
that each of the at least two sets of reference points coincide on
the focal plane of the lenticular screen.
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Third, an 8RIArEP ARFHELIEEH A0RKIRE RHARR (SR FUBRSHeghsCaidbrating
perm tti ngcemptisipgstitd sthps edfi:arger to be noved substantially 15 radially

relative to a ppesgl eﬁtqotraelmegm taerafscﬁbwtmeyoéf toBical 1leﬁgés cul ar
screen, while the fil m

th
| ent i cul ar CFFHTEARS A § 3“% ?nﬁmf)frr’%af"f‘%qég 8°T?Fé‘sﬁf’%naet leE"s{ﬁ'ofe(’t"hrﬁgm ©
proj ect i ngofipera wefererfiec podntseAbaRrtRY opekld tlookhes [Rdekenef the fliwske to be

posi ti Qaedmt\eaﬂ@ ffasaled! gmaqtttyhefl %Eh@él alerfsRE &Y. rec39d1ng the Fourth,

an enl arger. constr whi.ch_inc| u ermtting each
| ens of thB 'é’ﬁ%lld‘rté'e?g) t8'°b 1“1?8%%‘%6‘5?% Ial 11near31|yaa yed )Ee‘T ik to a
pr esel ect edngrrimedishe thedipwe fAndp| ane of the l enti cuI ar scr een, while

the row of two diimnsheRakondlgRsaly dfayed pliurhDitipY¥eopttibst ashkas) y

radi al l'y. P Q,CO{ (1%% % %‘Eﬁﬁﬁgg%xd%% 8 ‘i*}naaés JHE\Aegﬁé‘t %c%nwﬁé%%ci

necessary correctlons
in scalé aheckig Phé“%tsaé‘doﬁ‘dwsfttléﬁe?ﬁe sec%%tr?ﬁ“&ér%\ﬁrﬁgy‘%%rﬂlé‘lfﬁ}l%aced
| enses. of optical Fédnsks ancientitgesadiiotbeheonst leesedtwdi sécs net udes

means for ex%rc@ t&i&e L& ik B Qthsé&KSdpz%éQEIe@{Ed %twntgopgsﬂé. or away

from 30 the enticular screen and in a plane parallel to the plane of the

proj ecting apertures. The enl arger further includi ng means for
34. The method of Claim 33 wherein the first linearly arrayed

plurality of optical lenses and the second linearly arrayed
20 plurality of optical lenses are the lenses of a multi-lens cameras.

35. A stereoscopic image comprising:

a lenticular screen having a constant aperture angle and
comprising a plurality of longitudinal lenticulas defining a focal
plane; and - '

25 : a recording medium in contact with the focal plane of said
lenticular screen and having a lineiform image recorded thereon, the
lineiform image comprising.a plurality of zones corresponding to
said plurality of longitudinal lenticulas, each of said zones
comprising a plurality of overlapping lines corresponding to a

30 plurality of discrete two dimensional images of at least one element
in objective space simultaneously created by a multi-lens camera.

36. A stereoscopic image according to Claim 35 wherein the
number of said overlapping lines within a preselected width to be
filled with said plurality of overlapping lines is greater than the

35 number of lines of the lineiform image that one of said plurality
of lenticulas can resolve on the focal plane within the preselected
width.
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39. A stereoscopic image according to Claim 35 wherein said
15 plurality of zones of the lineiform image are recorded on said
recording medium without gaps between adjacent zones and wherein
said plurality of lines of each of said plurality of zones are
recorded on said recording medium without gaps between adjacent
lines.
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WD .97/ 46913 PCT/ US96/ 09891 THAT

WHCHIS CLAIMED | S: 1. In a stereoscopi c i magi ng system
utilizing Iybehlidess! ar screen conprising a plurality of pemgsderedsoial

| enti cul as situated above a focal plane in contact with a diffuse
reflecting surface and 5 defining a plane of optical centers parallel to
the focal plane, the l enticul ar screep/f@ving a uni que accepting angle
for any presel ected di stance fromthe plane of optical centers to a

pl ane of projection, and the uni que accepting angle defining a unique

chord of the accepting angle on the plane of projection, a nethod 10 of
determ ning the I ength of the unique chord defined by the unique

accepting angle conprising the steps of: radi at@ng Light frd®a
poi nt source positioned on the plane of projection ovto fihe | gntigul ar
screen; | ocating a first spot on the plane of pfojection jang#al ong
fhi ch

al5 first axis parallel to the direction of the lenticu w
v /A

first spot the light reflec@ed by the lenticular screen appd

bri ghtest; and | oc®ting a second spot on the plane s ection
and along a second axi s]perpendicular to the direction q"n/"

| enticulas from 20 which s¢cond spot the |ight refl ecieeTh I cul ar
screen appears brightesf once again by np

spot al og t he secondaxi § so that cul ar
screen appears darkery t he
first spot and the 25 cente

uni que chord defined b

proj ecti on. 2. @ a

| enti cul ar screen conpr

si tuated above a focal I ve

30 material and defining a
focal plane, the lenticular
any presel ected@®yst ance fr
of projection, ang the unig

.N

Fig




uni que chord of the accepting angle on the plane of projection, a 35
nmet hod of determining the Iength of the unique chord defined by the
uni que acGpgbysg@Ngl e conprising the steps of: r pgTAISDEIOPSPI ght
froma point source positioned on the plane of projection onto the
| enticul ar screen to expose the negative phot osensitive materi al ;
39 WO 97/ 46913 3/19
PCT/ US96/ 09891 devel opi ng the negative photosensitive materi al
|l ocating a first spot on the plane of projection and along a first axis
parallel to the direction of the lenticulas from which first spot the
light reflected by the lenticular screen appears 5 darkest; and
| ocating a second spot on the plane of projection and al ong a second
axi s perpendicular to the direction of the lenticulas from whi ch second
spot the light reflected by the lenticular screen appears darkest once
again by noving away fromthe first spoal ‘% 10 the second axis so that
the light reflected by the |enticl Cr appears brighter
t he di stance befxéen the center of e first spot and the center of the
second spot being the length of th ni que chord pEf" ned t he uni que
T
is [

accepting angle ¢n the plane of prdj&ction. 15 nmet hod of
Claim 2 wherein fthe photosensitive t\eri al d from which
first spot and sgqcond spot the |igpt reflected by the lenticular screen
appears bri ght est. 4. I stereoscopi ¢ i magi ng system
utilizing a |entifjcul ar screen Jcqnpriz\sing a plurality of |ongitudinal

| enticul as situatjed
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20 above a focal plane in contact with a diffuse reflecting surface and
defining a pl MOIHMEIPti cal centers parallel to the focal plane, the

| enticul as having a constant central resolution angle for any PCI/¥$96/0989%c
fromthe plane of optical centers to a plane of projection, and each
central resolution angle defining a unique chord of the 25 central

resol ution angle on the plane of projecg/py, a nethod of det er m ni ng
the I ength of the unique chord defined by the central resol ution angle
conprising the steps of: radiating light froma point source
positi oned on the plane of projection onto the lenticular screen; 30

| ocating a first spot on the plane of projection and along a first axis
parallel to the direction of the lenticulas fromwhich first spot the
light reflected by the lenticular screen appears bri ghtest; and

| ocating a second spot on the plane of projection and along a 35 second
axis perpendicular to the direction of the lenticulas from whi ch second
spot the light reflected by the | enticular screen is at esel ected
bri ght ness by noving away fromthe first spot al ong the aégg SO
that the light reflected by the | enticul ar screen appedls @w,

40 WO 97/ 46913

PCT/ US96/ 09891 tBO-eN st ance_bet ween the center of the first spot
and the center of the se Spot being O f the length of the

uni que chord define the c | resolution amgle on the plane of
proj ection. 5 . The od Claim4 conprits\\ng the further
step of: cating a thi | ane of prowNegction and

al ong the S nd axis f whi ch third spot | i ght refNgcted by the
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| enticular screen is at the presel ected brightness once again by nmovi ng
away fromthe second spot along the second axis towards the 10 first spot
so that thgolohgévisrefl ected by the lenticular screen appeassvedgopht er ;
t he di stance between the center of the second spot and the center of
the third spot being the I ength of the unique chord defined by the
central resolution angle on the plane of §/M§ ection. 15 6. In a
stereoscopi c imaging systemutilizing a lenticular screen conprising a
plurality of longitudinal Ilenticulas situated above a focal plane in
contact with a negative photosensitive material and defining a plane of
optical centers parallel to the focal plane, the lenticulas having a
‘constant central resolution 20 angle for any distance fromthe plane of
~optical centers to a plane of projection, and each central resol ution
angl e defining a unique chord of the central resolution angle on the
pl ane of projection, a nethod of determning the |ength of the unique
chord defi ned by the central resolution angle conprising the steps of:
25 radiating light froma point source positioned on the plane of
projection onto the lenticular screen to expose the negative
phot osensitive materi al ; devel opi ng the negative photosensitive
mat eri al ; | ocating a first spot on the plane of projection and
~along a 30 first axis parallel to the direction of the lenticulas from
- whi ch first spot the light reflected by the lenticular screen appears
dar kest; and | ocating a second spot on the plane of projection
and along a second axi s per pendi cul i) tf; direction of the
| enticulas from 35 whi ch3@&cond spot t I é;ﬁ refl ected3pyg the lenticular
screen is at & presfl ected daykness hy noving away,fromghe first spot
al ong the seg, N :x”$ so thgj|the | bght rePrlect ed B4 t he &t cul ar
screen appear s| b™N\gHtdr ; U 41
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t he distance‘gﬁt en the center of the first spot and the center of the
second spot b HZAF%%- hal f the | ength of the unique chor d mefrusvaosyy
the central resolution angle on the plane of proj ecti on. 5 7.
The nethod of Claim6 conprising the further step of: | ocating a
third spot on the plane of projection and alg® the second axis from
which third spot light reflected by the lenticular screen is at the
presel ected darkness once again by noving away from t he second spot
al ong the second axis towards the first spot so that 10 the |ight reflected
by the lenticular screen appears darker; t he di stance between the
center of the second spot GaRd t he center of the third sppf being the
| engt h of the unique chord =X~ TUETMEU™DLY TR TENTT ar Teso! PrtTon angl e on
t he pl ane of projection. 8. met hod of aim 6 or
Caim 7 wherein the 15 phqiosensitive ial is positfyve gnd from
which first spot the i gh{\ reflected t | enti cul arf;scren appears
bri ghtest and from whi §h 3 cond spot é h\rd spot t F | Fght rilgﬁf dts
by the | enticul ar scree iF at a prgse¢]dc bri ght ngss. g?i
A system for producing a steyepscopic | fAdmya 20 jr ity of
di screte two di nensional ima eg f at /l eadt o elNenent | in objective
space, said system conprising) gns\ Nor \cregti the plurality
of two di nensi onal i mages; Ny s Nor p#'nting t he
st ereoscopi c i mage conpri sing._ V5 | endifcuf/ar, screen
conprising a plurality of &1 | dngili B | RNt gﬁ{as si tuat ed
above a focal plane and T hg | ang of tical centers
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for any preselected distance fromthe plane of optical

centers 30 : to
a plane of projection, and the uni que accepting angle defining a
uni que chowd opeotie accepting angl e on the plane of PCT/USO6P881 i on; *
and

projecting nmeans in spaced relation to and operatively
associated with said lenticular screen for projecting the 35

plurality of two di nensional inages ontd d lenticular

screen.
42 WO 97/ 46913

PCT/ US96/ 09891 10. A systemaccording to Caim9 wherein said
means for

creating records the plurality of two di nensional
internmediate nediumin one step and wherein said neans for printing
constructs a lineiformimge on the focal plane in-one step without 5
novi ng said projecting neans relative to said |lenticular screen and

w thout noving the internediate mediumrelative to said lenticular
screen. 11. A system accordin a 9 wherein said

proj ecting means of said neans for prﬂig.p ojects the plurality of
two 10 di-nensional images onto said |lenticula®screen to construct a

lineiforminmage on the focal plane conprising a plurality of zones
W t hout gaps between adj acent zones, said plﬂrality of zones conpri si ng
1

i mages on an

a plurality of lines corresponding to the plurality of two di nensi onal
i mges W t hout gaps between adjacent |ines.
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15 12,
two di nensi onal

filled wthegaflessural ity of overlapping lines is greater
lines of the Iineiforminage that one of said

nunber of

| enticul as can resolve on the focal
13. A systemaccording to Caimll mhereiﬁgipp plurality of
images is greater than the nu of lines defining
edges of an inmage having substantially the sane sharpness and
to the 25 parall ax of

di nensi onal

A system according to Claim11l wherein the plurality of
i mages to be projected within a presel ected width

PCTAUS26/098%1c
plurality of

pl ane within the 20 presel ected w dth.

that the human eye can resolve over a distance equa

t he el ement

viewed fromthe presel ected distance.

Claim9 wherein said neans for

phot osensitive nmateri al

| enticulas of said |lenticul ar

in contact with
Scr een.

Claim9 wherein said neans for

in objective space having the | argest single
A system according to

14.

t wo
t he
cont r ast

paral | ax when

printing further conprises a

30 15.

.said plurality of
A system according to

| ongi t udi nal

printing is a nulti-lens enlarger and

wherein said projecting neans conprises a plurality of projecting
apertures substantially equally spaced al ong the |l ength of the unique
chord defined by the accepting angl e on the pl of prg ection. 35
16. A systemaccording to Caim 15 whefein Fl 8
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each of said plurality of lenticulas has a constant central resol uti onr

angle for any distance fromthe plane of optical centers to the pl ane
of proj ectyg9y be, h central resolution angle defining RCUAISHE/88hor d ‘Of
the centra reso tlon angl e on the plane of 5 projection; and wherein
the m ni num nunber of said plurality of pI‘OJ ecting apertures S

determ ned by dividing the I ength of the ue chord defined by t he
accepting angle on the plane of projecti the length of the uni que
chord defined by the central resolution angle on the plane 10 of

proj ecti on. 17. A systemaccording to Caim1l6 wherein

each of said plurality of projecting apertures has a nmain optical axis
per pendi cular to the focal plane and a secondary axis on the plan f
projection and parallel to the direction of the 15 |enticul as; and whg'

t he di stances between the secondary axes of adjacent p@ec =R
apertures of said plurality of projecting apertures are 1_30 an
the I ength of the unique chord defﬁed by the central reso angl e
on the plane of projection. A system accor 8gog m 17
wherein t he di stances bemeen the secondary axes of 1 // nost
of said plurality of projectiny apertures and the respectl - of

t he uni que chord defined by the acdepti ng angle on the plane of m
projection are substantially equal jto one-half the distagpee AE 23
the secondary axes of adja&gnt projfecting aperturg ‘//// ":-A
system according to C ai m15™Qereiln u—' // Lg
| enticulas has a constant centra M / /
fromthe plane of optical centers £
central resolution angle defini rg
resolution angle on the plane ofe
nunber of said plurality of projec
of the unique chord defined by the
projection divided by the | ength of

2
20
R




defihed by the central resolution angle on the plane of projection

rounded to the next whole nunber for any fraction of said nunber and
wher ei n O 97/46913 44 ?93??63?
PCT/ US96/ 09891 each of said plurality of prolectlng aper Ihas
a main optical axis perpendicular to the focal plane and a secondary
axi s on the plane of projection and pat@/19! to the direction of the

| enticul as; and wherein 5 the distances between the secondary
axes of adjacent projecting apertures of said plurality of projecting
apertures are substantially equal to the I ength of the unique chord
defined by the central resolution angle on the plane of projection; and
wherein t he di stances between the secondary axes of the outernost

of 10 said plurality of projecting apertures and the respective ends of
t he uni que chord defined by the accepting angle on the plane of
projection are substantially equal to one-half the di stances between

t he secondary axes of adjacent projecting apertures. 20. A
system according to Cl aim 10 wherein said nmeans for 15 creating the
plurality of two dinensional inmages is a nulti-I|ens camera conprising a
plurality of optical |enses, each of said plurality of /0 cal | enses
having a main optical axis, t¢e nmain opti cal axes_c lurality of
optical |enses being parallel@ and wherein +d" I nter fable nediumi s
a photosensitive material. -2 S pr ng a
stereoscopic image from a u ; Lscre i ponal | mages
of at | east one el ement
D ©
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in objective space, said system conprising: a nmulti-lens canera
for creating the plurality of two di mensi onal i-mages and for recording
t he pIurak@é¥7a&tgwo 25 di mensi onal inages on a photosensi PCTAS9M9891 al in
one step, i) canera conprising a plurality of optical |enses, each of
sai d plurality of optical |enses having a main optical axis, the main
optical axes of said plurality of optiqu1yenses bei ng parallel; and

a multi-lens enlarger for printing the stereoscopic imge 30 conpri sing

a lenticular screen conprising a plurality of | ongi t udi na
| enticul as situated above a focal plane in contact with a
phot osensitive material and defining a plane of optical centers
parallel to the focal plane, said |enticulgr 35 screen having a
uni que accepting angle for any ~ ggg di stance fromthe plane
of optical centers to a plane Zgza rojection, and the uni que
accepting angl e defining a uni que chord of the accepting angle on
t he plane of projection; and 45
WD 97/ 46913 ) . PET/ US96/ 09891
a plurality of projedtihg lapértjurés | n{sphcqd elatioﬂ 10 to and
operatively associatgqd W tlh gaild Renki qul pr {sciegn flor proj ecting
the plurality of two [di penlsi ¢ngdl ilmeped r gcqrded lon t he
phot osensitive materifal {orftojsqi d}l eptijcujarf s¢reen |t of construct a
l'i nei formimge on t odal |pljang i h dne]stlep i t hout noving said
plurality of projectijng|aperfuries refatli ve tofj qaid Ilenticular
screen and without H$Vi gl khs | Pphetogersi}i e materia
relative to said |ent}cdl qcrer; sdi dl | ijne] fdr m i mage
conprising a pIuraIité ¢f gornes| wift hput} 1 paps petjwepn jadj acent zones,
said plurality of zongsjco 326
330
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plurality of lines corresponding to the plurality of two dinensional

i mages W thout gaps between adjacent |ines. 22. A neans for
printing a wo®7deémsopic imge from a plurality of di SRCEHUS96/09891
di nrensi onal inmages of at |east one elenment 15 in objective space, said

means for printing conprising: %ﬂg cul ar screen conprising a
plurality of |ongitudi nal | enticul as sﬂt ed above a focal plane and

defining a plane of optical centers parallel to-the focal plane, said

| enti cul ar screen havi ng a uni que accepting angle for any presel ected
di stance from 20 the plane of optical centers to a plane of projection,

and the uni que accepting angle defini g uni chord of the accepting
angl e on the plane of projection; and F j i ng means in spaced
relation to and operatively associ at 5$;p entjcu] ar screen for
projecting the plurality 25 of 280fe#frensi on mages ont s i
screen; wherein said proj ¢ ng_means projects t

t wo di mensi onal [

| i nei form i nmage
W t hout gaps bet

a plurality of [i
i mages W t hout

plurality of p
the I ength of the e acceptlng ATty
pl ane of projection. 24. A neahq Jor printing accordi
Cl ai m 23 wherein 46 '

L
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WO 97/ 46913 ' PCT/ US96/ 09891 . .
each of said plurality of lenticulas has a constant central r ution
angl e for WRAPHfUBance fromthe plane of optical centers Pcr{%ssflﬁgs%l ane:
of projection, each central resolution angle defining a uni que chord of
the central resolution angle on the plane of 5 projection; and wherein

the m ni mum nunber of said plurality of projecting apertures IS

determ ned by dividing the length of13/#uni que chord defined by t he
accepting angle on the plane of projection by the length of the uni que
chord defined by the central resolution angle on the plane 10 of

proj ection. 25. A neans for printing according to Claim?24
wher ei n each of said plurality of projecting apertures has a main
optical axis perpendicular to-the focal plane and a secondary axis on
the plane of projection and parallel to the direction of the 15

| enticul as; and wherein tth'i ngﬁet ween the secondary axes
of adj acent proj ecting aperture {2~ rality of projecting
apertures are no wider than the len of the unique chord defined by

t he central resol ution angl 4 on the plane of pfojection. 20 26.
A neans for printing according tp Caim25 wherein t he di stances
bet ween the secondary axes of thg outernost of said plurality of

' t he uni que chord

pr oj idtRare
en/ZgCtthe secondary

3

defined by the accepting angle o
substantially equal to one-half j
axes of adjacent projeciing ape

310-

10




27. ©* A nmeans for printing according to Caim23 wherein each of

said plurality of lenticulas has a constant central resol ution angle
for any di st @8746t8n t he pl ane of optical centers t 0 t he peirAS960é891
proj ection, each central resolution angle defining 30 a unique chord of
the central resolution angle on the plane of proj ection; and wherein
the nunber of said plurality of projecting ures i s equal to the

| engt h of the unique chord defined by the 3?@35’& ng angl e on t he pl ane
of projection divided by the Iength of the unique chord 35 defined by the
central resolution angle on the plane of projection rounded to the next
whol.e nunber for any fraction of said nunber; and wherein

47 WD 97/ 46913

PCT/ US96/ 09891 each of said plurality of projecting apertures
has -a mai n optical axis perpendicular to the focal plane and a
secondary axis on the plane of projection and parallel to the direction
of the | enticul as; and wherein 5 the distances between the
secondary axes of adjacent v [ecting apertu f id plurality of
projecting apertures are substanti equal t d th of the

uni que chord defined by the central regolution angle on the plane of
proj ection; and wherein t he di stfiilnces between the secondary axes
of the outernost of 10 said plurality of jecting apertures and the
respective ends of t he uni que chord d ned by the accepting angle on
t he pl ane of projection are substanti equal to one-half the

di st ances bet ween
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t he secondary axes of adjacent projecting apertures. 28. A .
system for rof ing a stereoscopic imge conprising: 15 for
creating 3"8?.{5 6§ﬁ ty of discrete two di nensional i nagels,cgq}s?tiﬁpggast one
el enment in objective space and for recording a linearly arrayed
standard row of images on an internedi ate nmedi um said nmeans for
creating conprising a plurality gf bgpearly arrayed optical |enses
havi ng | ooki ng directions which é” rge on a 20 presel ected |ooking

pl ane; and means for printing the stereoscopic inage conprising:

a lenticular screen defining a focal plane; and proj ecting
nmeans in spaced relation to said |enticular screen for

amal gamati ng the two di nensional inmages onto the 25 focal plane of
said lenticular screen, said projecting nmeans conprising a
plurality of linearly arrayed optical |enses havi ng | ooki ng

di rections which converge at a single point on the focal plane of
the lenticular screen; wherein said neans for printing is
calibrated to the standard 30 row of images and prints the stereoscopic

i mge in one step wthout novi ng said projecting neans relative to said
| enticular screen and w t hout noving the internediate nmediumrel ative
to said lenticular screen. 29. A systemaccording to Claim
28 wherein said neans for 35 creating is a multi-lens canera and wherein
said neans for printing is anulti-lens enlarger. 30. A
system according to Claim 28 wherein said internedi ate mediumis a

phot osensitive material . 418

Fig.17
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31. A systemfor producing a stereoscopic inage conprising: nmeans
for creatinowgolesvral ity of discrete two di mensional I magecT/o$empsdieast ¢
one elenment in objective space and for recording a linearly arrayed

standard row of images on an internediate medium 5 said neans for creating
conprising a plurality of linearly arrayed optical |enses spaced apart

by substantially equal distances and 1@4!8 substantially equal focal

| engt hs; and means for printing the stereoscopic inage conprising:
a lenticular screen defining a focal plane; and 10 proj ecting
means in spaced rel ation 394 ai d-ppgi cul ar screen for

amal gamati ng thg two di ne# e ges onto the focal plane of
said |l enticul ar screen, sald oj ecti ng means eNpri signgna
plurality of ligearly arrayedfiorti cal | enses E zﬂ by
substantially egugl digtance A, having 15 su » ual focal

|
| engt hs; reid the dgyi &y ons in the substantially equal distances
of said pludallity & opt i Al \%.ses of said neans for creating and the
deviations in tHe subst ant™Qy egqg distances of said plurality of
optical |enses -Gl -2::::2; pry\* i ng are proportional; and 20
wherei n the devi atfi on3 ‘=g, ) ‘\\.\\. {lally equal focal | engt hs of
said plurality nggptlcal et ~?“ means Or creating and the
deviations in th ubgt anti alfl} equa1v\au.l hs of said plurality
of optical |enses of qaid neqrksifor phi N§,_ar e proportional . 25
32. A nethod of califbrating jplsystenmfyQry prglucing a st ereoscopi c

image froma plurality of dipclete two digensi onal i mages of at | east
one el ement in objectijve spafel bkaid netth®d ‘of calibrating conprising
the steps of: using p lti-leNs énera conprising a plurality of
optical 30 | enses havijng | ogki hgldirectiohs mh\ch converge on a presel ected

| ooki ng pl ane, constru ﬁtlng a ptdndard row o\ igages conprising at

| east two sets of two eferencﬁ doi nts | ocat oq the | ooking plane of
the canera by recordi thejplurajity of t wh meqQsi onal i mages in a
linearly arrayed row dgn an jfnt ¢rnedi ate nmediym\amnd 35 using a

mul ti-lens enlarger copprisfngja tenticular sgr

n\ defining a focal -
pl ane, projecting the ptandprd{row of i'nages qgnt .
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the lenticular screen and adjusting the | enses of the enlarger such .

that each of the at |east two sets of reference points coincide on t he
focal pla | enti cul ar screen. PCT/US96/09891

49 ”ﬁm@%mgg 46913

PCT/ US96/ 09891 33. A nmethod of <calibrating a first Ilinearly
arrayed plurality of optical |enses ?2 bng | ooki ng directions which
conver ge on a first presel ected | ooki é pl ane to a second linearly
arrayed plurality of optical |enses having | ooking directions which
converge 5 on a second presel ected | ooking plane, said nmethod of

cal i brating conprising the steps of: using the first linearly
arrayed plurality of optical |enses, constructing a standard row of

i mges conprising at |least two sets of two reference points | ocated on
t he | ooking plane of the figst 10 flinear]y arrayed plurality of optical

| enses by recording the pl ur gbh of{ two di nensional inmages in a
linearly arrayed row on a [ g a.i_nediunj'and usi ng the
second linearly arrayed 3 < S%nsgﬂ' rlgi ng the
standard row of inmages on\o eI ected Ml l&ﬁl ane and
adj usting the second |inear rality of tical |lenses such
t hat each of the at |east tﬁfléﬁfg 1 raf erence points coincide on the
second presel ected | ooking ne. 34. The method of O aim 33
wherein the first linearly arrayed plurality of optical |enses and the

second linearly arrayed 20 plurality of optical |lenses are the |lenses of a
mul ti-lens caneras.




35. "A st'ereoscopic image conpri sing: a lenticular screen having

a constant aperture angle and conprising a plurality of |ongitudinal

| enticul as deMOA74§913 f ocal pl ane; and 25 a recor di NBciRYdeADRd;"
contact with the focal plane of said | enticul ar screen and having a

| i nei forminmage recorded thereon, the | i nei forminmage conprising a
plurality of zones corresponding to said plurality of |ongitudinal

| enti cul as, each of said zones conpri dgh plurality of overlapping
lines corresponding to a 30 plurality of discrete two dinensional imges of
at | east one el enent in objective space sinmultaneously created by a

mul t-i -1 ens caner a. 36. A stereoscopic imge according to Claim
35 wherein the nunber of said overlapping lines within a presel ected

wi dth to be filled wwth said plurality of overlapping lines is greater
than the 35 nunber of lines of the lineiformimge that one of said
plurality of lenticulas can resolve on the focal plane within the
presel ect ed wi dt h. 50
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