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A photo-screen device for a real image projection system 
includes a transparent or semi-transparent material having a 

?xed or static image applied to the surface thereof, Wherein 
the photo-screen is positioned so as to intersect a real image 
beampath of the real image projection device. In an alter 
native embodiment, a method for producing a photo-screen 
device for a real image projection system includes the steps 
of printing colors thereon in reverse order and positioning 
the photo-screen such that the non-printed side faces a 
vieWer of the real image. 
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SEMI-TRANSPARENT GRAPHIC WINDOW FOR A 
REAL IMAGING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention pertains to the ?eld of optical dis 
plays. More particularly, the invention pertains to apparatus 
and methods for enhancement of a real image projection 
system. 

[0003] 2. Description of the Related Art 

[0004] The present invention pertains to a real image 
projection system and, in particular, to such a system in 
Which an image of a real object is formed in space, giving 
the illusion that a real object exists at that point in space, 
When in reality it does not. 

[0005] Visual display systems typically use a curved 
re?ector With a beamsplitter positioned at a 45 degree angle 
to the curved re?ector’s optical axis, to divert the input 
beampath at a 90 degree angle to the vieWing axis or 
imaging beampath. This method has been used since the 
early 1950s for ?ight simulation, and commonly is referred 
to as the WAC WindoW system. These systems typically are 
used in an on-axis con?guration, meaning that the optical 
axis, or the un-tilted curved re?ector’s center of radius, is 
located along the vieWing axis. When vieWing such an 
on-axis system, any object Within the vieWing area images 
Within the system. 

[0006] One of the earliest Working real image displays is 
depicted in White’s 1934 publication of “Fundamentals of 
Optics”. It shoWs a spherical mirror positioned behind a 
table. A ?oWer vase is mounted beloW the table and a real 
image of the vase is projected sitting on the table-top. In the 
late 1980’s, real image display systems Were further devel 
oped, typically consisting of tWo on-axis parabolic re?ector 
segments, as shoWn in US. Pat. No. 4,802,750. In the early 
1990’s, similar systems Were built that use a beamsplitter 
having high re?ection and loW transmission, in order to 
reduce ghosting effects. By 1999, a system Was developed 
using a circularly-polariZed WindoW in an on-axis, WAC 
WindoW-style con?guration. For example, US. Pat. No. 
6,163,408 Was issued in 2000. Later, a tilted system Was 
developed, using an off-axis, curved re?ector, as disclosed in 
International Patent Application No. PCT/US00/ 11234 and 
PCT Publication No. WO 00/65844. That system comprises 
a curved re?ector tilted at an angle betWeen 5 and 20 degrees 
from the vieWing axis. Abeamsplitter is positioned along the 
vieWing axis, tilted at 45 degrees to the curved re?ector’s 
axis. This is a signi?cant improvement because it eliminates 
ghost imaging completely; the system no longer requires a 
42% transmission circular polariZer to eliminate ghosting. A 
70% transmissive front WindoW is instead used to provide a 
system transmission of 15%. 

[0007] With the availability of such high transmission real 
imaging systems, many neW enhancements are possible that 
Were not available previously. One invention that enhances 
a real image system is a device that is referred to hereinafter 
as a “photo-screen” device. The device is basically a printed, 
partially transparent material, Which can be incorporated as 
a front WindoW for a real image projection system. The 
photo-screen invention is used in a manner roughly similar 
to but signi?cantly different from that of a scrim. In the 
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interest of avoiding doubt, the term scrim is used herein to 
describe a material having a Weave pattern or perforated 
pattern, Wherein about 50% of the surface is open or 
transparent and 50% is solid or non-transparent. The scrim 
typically is used as a projection screen, and also on bus 
WindoWs to display advertisements, While still alloWing light 
to pass through the WindoWs to the inside of the bus. 

[0008] A scrim is employed in the imaging system dis 
closed in US. Pat. No. 5,291,297. The patent discloses a 
perforated scrim located behind a beamsplitter, facing 
inWard toWard the display, and not visible to the vieWer. The 
scrim is used as a projection screen, With the image ema 
nating from inside the system, and a virtual image of the 
scrim photograph is formed and visible behind the CRT face. 
The image on the scrim is not vieWed directly, and the 
system is not used for a real imaging system. 

[0009] US. Pat. No. 5,257,130 discloses a scrim WindoW 
in a real image projection system, hoWever the scrim is used 
to project an image on the face of a cloth-like Woven 
material at the WindoW opening. HoWever, the scrim of the 
’130 patent is signi?cantly different in structure and method 
of use than the present “photo-screen” invention described 
herein. For example, the system disclosed in the ’130 patent 
requires an external light source to be positioned at an 
oblique angle to the scrim and projected onto the surface of 
the scrim. In contrast, the present photo-screen invention 
uses only the ambient light available Within the room. 

[0010] The device disclosed in the ’130 patent is used as 
a diffuser and projection screen, and requires a directed 
external light source or projector to illuminate the scrim, as 
described in the speci?cation and claimed in claims one 
through seven. The device is based on a Weave con?guration 
and is limited to a hole pattern density of betWeen ?ve and 
?fteen points per inch, as recited in claim 12. In contrast, the 
present photo-screen invention does not use holes, but 
instead uses a clear dot pattern and has a density of betWeen 
25 and 50 points per inch. The reason for the higher density 
is to increase the resolution of the real image, virtually 
eliminating the “dotted” appearance from light passing 
through the dot pattern. 

[0011] Another signi?cant advantage of the present inven 
tion is improved visibility of the background image in a 
Well-lighted room. When used as a projection screen, the 
scrim of the ’130 patent Would require subdued lighting 
conditions to minimiZe Washing out of the image from 
ambient lighting. 

[0012] The scrim of the ’130 patent, because of its con 
struction method of Woven thread, has signi?cant limitations 
as to the ratio of transmission to re?ection. The scrim of the 
’130 patent is also limited to a cloth or thread material and 
cannot be constructed onto a rigid substrate. 

[0013] The printing process used to prepare the photo 
screen of the present invention can be performed on any 
clear substrate, including glass. Perhaps one of the clearest 
differences betWeen the present photo-screen invention and 
the scrim disclosed in the ’ 130 patent is that the scrim of the 
’130 patent does not constitute a printed material. Rather, the 
image is projected onto the scrim using an external projec 
tion source. There is no teaching in the prior art of printed 
graphics applied to the surface of a scrim. Indeed, the Woven 
thread pattern of the scrim Would make printing on the 
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surface thereof effectively an impossible task, and because 
of the coarse nature of the scrim, there Would be very little 
detail visible in the printed image. 

SUMMARY OF THE INVENTION 

[0014] Brie?y stated, a photo-screen device for a real 
image projection system includes a transparent or semi 
transparent material having a ?xed or static image applied to 
the surface thereof, Wherein the photo-screen is positioned 
so as to intersect a real image beampath of the real image 
projection device. 

[0015] In an alternative embodiment, a method for pro 
ducing a photo-screen device for a real image projection 
system includes the steps of printing colors thereon in 
reverse order and positioning the photo-screen such that the 
non-printed side faces a vieWer of the real image. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] FIG. 1 shoWs the photo-screen of the present 
invention positioned Within the real image beampath of a 
single re?ector real image projection system. 

[0017] FIG. 2 shoWs the photo-screen of the present 
invention positioned Within the real image beampath of a 
dual parabolic or aspherical re?ector real imaging system. 

[0018] FIG. 3 shoWs one possible pattern of clear circles 
or holes in a photograph forming the photo-screen device of 
the present invention. 

[0019] FIG. 4 shoWs an alternate con?guration for the 
photo-screen Where the printed area is in the circle pattern. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention, hereinafter referred to as a 
photo-screen, comprises a transparent substrate material, 
such as, for example, clear acrylic. The ?nished photo 
screen is actually a picture or photo or graphic, printed onto 
the transparent substrate material. The image preferably is 
printed much like a dotted half-tone printing method, typi 
cally used in silk-screening, except of a much higher reso 
lution. In the photo-screen of the present invention, the 
printed graphic has small clear un-printed areas (preferably 
circular), Which alloW the real imaging light beams to pass 
through the photo-screen. When the printed photo-screen is 
positioned in front of the WindoW, directly in the real image 
beampath, the vieWer sees the photo, poster, or advertise 
ment, appearing as a solid surface, and simultaneously sees 
the real image ?oating in space out in front of the poster. 
Only ambient room light is required to light the poster. 

[0021] In one example, the optimum dot pattern of the 
photo-screen has 0.015“ diameter clear circles, positioned 
about 0.020“ center to center. In this example, each roW of 
clear circles preferably is offset by 0.010“ to eliminate any 
vertical pattern of holes. This is important to reduce the 
“fringing” or optical interference pattern as the light from 
the CRT passes through the small pattern of openings. A 
vertical hole pattern Would produce a visible “banding” or a 
stripe pattern in the real image, Which is highly undesirable. 
The largest aperture siZe acceptable is 0.030“ positioned at 
0.038“ center to center. As the siZe of the clear aperture 
increases above this amount, the dot pattern becomes visible 
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on the real image to the vieWer. The ideal con?guration is 
Where the area of the clear circles, or clear areas, equals the 
area of the printed surface, or approximately 50% transmis 
sion of light. 

[0022] The printed photo-screen appears as a solid poster, 
but simultaneously alloWs the light beams that form a real 
image to pass through the photo-screen. There are several 
methods of producing the dotted picture, hoWever most have 
limited ability to register the various color layers, or limited 
ability to ensure that all the clear dots align in each color 
layer. The optimum method of fabrication is With a 6-color 
multi-pass thermal printer. The clear transparency optionally 
is ?rst printed in black for optimum opacity and absorption 
of stray light. Next, White is printed, Which is necessary, 
since the substrate is clear instead of White. Then the three 
primary printing colors (i.e., Cyan, Magenta and YelloW) are 
printed, and ?nally, black is again printed. In the case Where 
pigmented colors are employed, the primary printing colors 
are red, green and blue. The key to success is maintaining 
proper registration during the printing process. Other manu 
facturing methods can be used as long as registration is 
maintained. 

[0023] In an alternative embodiment, the colors are 
printed in reverse order (i.e., black, red, green, blue, then 
White) on the transparent material, and the photo-screen is 
positioned such that the non-printed side faces the vieWer, 
thereby protecting the printing from being damaged. 

[0024] The “photo-screen” or semi-transparent picture 
optionally is attached to a standard printed poster, Which has 
an area cut aWay that matches the image applied to the 
photo-screen. The photo-screen is then positioned and 
secured so that the poster-photo-screen graphics are aligned 
and appear to be a continuous picture. The real image 
projection system is then positioned behind the photo 
screen, and is positioned such that the beam bundle forming 
the real image is projected through the surface of the 
photo-screen. Alternatively, the entire poster is printed in the 
same manner as the “photo-screen” and applied over a dark 
colored surface. This alternative provides a nearly imper 
ceptible transition from the WindoW opening to the solid 
material surrounding it. 

[0025] The photo-screen also optionally is used to cover 
the WindoW on a small real image projection system built 
into a product model. For example, a real image projection 
device may be built into a replica of an automobile battery, 
and a photo-screen applied over the WindoW in the side of 
the battery, appearing to be a decal on the front of the battery. 
The real image Will ?oat out in front of the decal in front of 
the battery. 

[0026] Other examples of applications for the photo 
screen include constructing a larger-than-life replica of a 
beverage can, Wherein a real image projection system is built 
inside. A WindoW aperture cut in the side of the can alloWs 
the imaging light beam to exit. The can is then “skinned” or 
Wrapped With a printed poster of a soda can label. An area 
of the poster directly over the WindoW opening is cut aWay 
and a photo-screen With an identical graphic as that of the 
cutout is then attached to the back of the poster Wrap, 
covering the hole. The graphics on both the photo-screen 
and the label are aligned so that the Wrapped can appears to 
be a large soda can, Which appears not to have any holes in 
it. The real image is projected through the photo-screen 
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label, forming an image ?oating in free space several inches 
in front of the soda can replica. The advertising applications 
of the photo-screen of the present invention are thus readily 
apparent. 

[0027] The photo-screen of the present invention can be 
used With any real image projection system. FolloWing are 
some illustrative examples. 

[0028] FIG. 1 depicts a real image projection system 
incorporating a photo-screen (6) positioned in front of the 
WindoW opening (4) of the chassis (5) or housing of the real 
image projection system. Light from the target object (1) or 
monitor re?ects off of a fold mirror (7), de?ecting the light 
beam to the curved re?ector The beampath then 
becomes converging, passing through the WindoW opening 
(4), then through the photo-screen (6), forming a real image 
(2) ?oating in front of the photo-screen 

[0029] FIG. 2 depicts an alternate con?guration of a real 
image projection system, utiliZing tWo curved re?ectors (3, 
8), of parabolic, aspherical, or other curves, incorporating a 
photo-screen (6) positioned in front of the WindoW opening 
(4) of the real image projection system. Light from the target 
object or monitor (1) strikes the upper re?ector (3) in a 
diverging beam. It then re?ects in a collimated beam to the 
loWer re?ector (8), then re?ects in a diverging beam through 
the WindoW opening (4), through the photo-screen (6), 
forming a real image (2) in free space directly in front of the 
photo-screen 
[0030] FIG. 3 shoWs a close up of one of the possible 
con?gurations of the photo-screen. The small White circles 
or dots are transparent, While the area around the dots is 
printed. 
[0031] FIG. 4 shoWs an alternate con?guration of the 
photo-screen, Wherein the circles or dots are printed and the 
area around the dots is transparent. 

[0032] Accordingly, it is to be understood that the embodi 
ments of the invention herein described are merely illustra 
tive of the application of the principles of the invention. 
Reference herein to details of the illustrated embodiments is 
not intended to limit the scope of the claims, Which them 
selves recite those features regarded as essential to the 
invention. 

What is claimed is: 
1. A photo-screen device for a real image projection 

system, comprising a transparent or semi-transparent mate 
rial having a ?Xed or static image applied to the surface 
thereof, Wherein said photo-screen is positioned so as to 
intersect a real image beampath of said real image projection 
device. 

2. The photo-screen device of claim 1, Wherein said 
transparent or semi-transparent material comprises glass, 
acrylic, Mylar or any other transparent or semi-transparent 
material. 

3. The photo-screen device of claim 1, Wherein a semi 
transparent surface is achieved by creating small holes in a 
surface of said material, and printing a graphic across said 
surface. 
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4. The photo-screen device of claim 1, Wherein an image 
is applied to a surface of said transparent or semi-transparent 
material in an alternating, fully or partially transparent or 
opaque pattern. 

5. The photo-screen device of claim 4, Wherein said 
pattern comprises random shapes and/or siZes, arranged in 
either a uniform or random pattern, Wherein said pattern 
includes substantially uniform areas of clear transparent 
surface for light transmission distributed over said surface. 

6. The photo-screen device of claim 4, Wherein said 
pattern comprises dots forming a printed graphic or picture, 
and areas betWeen said dots are clear. 

7. The photo-screen device of claim 4, Wherein said 
pattern comprises dots containing a clear area, and areas 
betWeen said dots form a printed graphic or picture. 

8. The photo-screen device of claim 4, Wherein said image 
is applied to said surface of said transparent or semi 
transparent material using a thermal jet printer, inkjet 
printer, silk screen or any other method that maintains 
registration or alignment of dots as various color layers are 
applied. 

9. The photo-screen device of claim 6, Wherein said dots 
are betWeen 0.005“ in diameter and 0.050“ in diameter, or of 
equivalent area When non-round dots are used. 

10. The photo-screen device of claim 7, Wherein said dots 
are betWeen 0.005“ in diameter and 0.050“ in diameter, or of 
equivalent area When non-round dots are used. 

11. The photo-screen device of claim 6, Wherein said dots 
are substantially uniformly spaced, such that a printed area 
is betWeen about 30% and 70% of a total area of said 
surface, depending upon the application and required bright 
ness of said real image. 

12. The photo-screen device of claim 7, Wherein said dots 
are substantially uniformly spaced, such that a printed area 
is betWeen about 30% and 70% of a total area of said 
surface, depending upon the application and required bright 
ness of said real image. 

13. The photo-screen device of claim 6, Wherein said 
pattern comprises alternate roWs of dots offset horiZontally, 
so that a vertical pattern of dots is not in a straight line, such 
that the chance of creating a light interference pattern or 
banding visible in said real image is reduced. 

14. The photo-screen device of claim 7, Wherein said 
pattern comprises alternate roWs of dots offset horiZontally, 
so that a vertical pattern of dots is not in a straight line, such 
that the chance of creating a light interference pattern or 
banding visible in said real image is reduced. 

15. The photo-screen device of claim 11, Wherein a ratio 
of printed area to clear area is about 1:1. 

16. The photo-screen device of claim 12, Wherein a ratio 
0 of printed area to clear area is about 1:1. 

17. A method for producing a photo-screen device for a 
real image projection system, comprising the steps of print 
ing colors thereon in reverse order and positioning said 
photo-screen such that the non-printed side faces a vieWer of 
said real image. 


