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ABSTRACT

A stereo projection apparatus includes a polarized beam splitter assembly for splitting
a projecting light beam into a transmitted light beam, a first reflective light beam and a sccond
reflective light beam; a polarization state transforming assembly for adjusting the polarization
state of the transmitted light beam or the polarization state of the first reflective light beam and
second reflective beam; a light path direction adjustment assembly for adjusting a travel
direction of the transmitted light beam or a travel direction of the first reflective light beam and
the second reflective light beam; a light beam size adjustment assembly for adjusting a coverage
range of the transmitted light beam or a coverage range of the first reflective light beam and the
second reflective light beam; and a light modulator for modulating the adjusted transmitted hght
beam, first reflective light beam and second reflective light beam to left-circularly polarized light
and right-circularly polarized light in accordance with a frame sequence. The stereo projection
apparatus can effectively reduce the optical path difference between the reflective light and
transmitted light, thereby significantly reducing the size of the entire device and making

overlapping of the various light beams easier.

[3
HEN-SPA/PCT-CDA



STEREO PROJECTION APPARATUS AND STEREO PROJECTION SYSTEM
WITH LOW THROW RATIO AND HIGH LIGHT EFFICIENCY

FIELD
[0001] The present invention relates to stereo projection technology and, more particularly, to
a stereo projection apparatus and stereo projection system with low throw ratio and high light

etticiency.

BACKGROUND

[0002] In Chinese Patent No. 201220746320.8, entitled *high light efficiency light modulation
apparatus and high light efficiency stereo projection system”, a large-sized polarized beam
splitter device is required to split an incident light into a transmitted light beam and a reflective
light beam and then adjust the polarization state of the light beams to make the two light beams
overlap on a metal screen. This technology results in a long light path and hence requires
large-sized optical devices. When a low throw ratio projector is used, each optical device needs
to have a very large size, and overlapping of the two beams ot light also becomes very difticult.
In addition. there are difficulties in device manufacture and assembly as well as mass production
of thc projcctor.

[0003] What 1s needed, therefore, 1s an improved projection apparatus to overcome the above

defects.

SUMMARY

[0004] Accordingly, the present invention is directed to a stereo projection apparatus and
stereo projection system with low throw ratio and high light etficiency, which can address the
problem that the size ol the existing projection apparatus 1s unduly large.
[0005] In an aspect, the present mvention provides a slereo projection apparatus with low
throw ratio and high light efficiency, comprising:

a polarized beam splitter assembly contigured to split a projecting light beam of a projector
into a transmitted light beam, a first reflective light beam and a second reflective light beam, the
polarization direction of the transmitted light bcam being orthogonal to the polarization direction

of the first reflective light beam and the second reflective light beam;
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a polarization state transforming assembly configured to adjust the polarization state of the
transmitted light beam or the polarization state of the first reflective light beam and the second
reflective beam. such that the adjusted transmitted light beam, first retlective light beam and
second reflective light beam have the same polarization state;

a hight path direction adjustment assembly configured to adjust a travel direction of the
transmitted light beam or a travel direction of the first retlective light beam and the second
reflective light beam, such that the adjusted transmitted light beam, first reflective light beam and
second reflective light beam have the same travel direction;

a hght beam size adjustment assembly configured (o adjust a coverage range ol the
fransmitted light beam or a coverage range of the first reflective light beam and the second
reflective light beam, such that projecting images of the adjusted transmitted light beam, first
reflective light beam and second reflective light beam have the same size; and

a light modulator configured to modulate the adjusted transmitted light beam, first reflective
light beam and second reflective light beam to left-circularly polarized light and
right-circularly polarized light in accordance with a frame scquence, wherein the polarized becam
splitter assembly comprises a polarized beam splitter prism set, the polarized beam splitter prism
set comprises three 45- degree prisms that are attached to each other after a prism coating
process, the polarized beam splitter prism set 1s rectangular-shaped and comprises one incident
plane as well as a [irst emiting plane, a second emitting plane and a third emitting plane,
wherein the first emitting plane and the second emitting plane have the same size being half of
the size of the third emitting plane, and the third emitting plane is a one-piece construction
formed by one surface of one of the three prisms, there are two polarization splitting planes
inside the polarized beam splitter prism set, the two polarization splitting planes are
perpendicular to each other and both are at an 45-degree angle to the incident plane, and the two
polarization splitting planes intersect at a center line of the incident plane.
|0006] In some exemplary embodiments, the polarization statc transforming assembly
comprises at least one twisted liquid crystal device; the twisted liquid crystal device is disposed
on the light paths of the first reflective light beam and second reflective light beam and in front
of or after the light path direction adjustment assembly, or disposed at any location after the light

beam size adjustment assembly and 1n front of the light modulator.
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[0007] In some exemplary embodiments, the twisted liquid crystal device i1s one of a
glass-substrate-based liquid crystal device, a tlexible-plastic-substrate-based liquid crystal device,
and a macromolcculc liquid crystal film bascd on polymer technology.

|0008] In some exemplary embodiments, the light path direction adjustment assembly
comprises two retlective mirrors respectively disposed on light paths of the first retlective light
beam and the second reflective light beam.

[0009] In some exemplary embodiments, the light beam size adjustment assembly comprises at
least one lens or lens group, the lens or lens group is disposed at any location on the light paths
of the transmitted light beam, first reflective light beam and second reflective light beam.

0010} In  some  exemplary  embodiments, the  light modulator 185 a
liquid-crystal-light-valve-type light modulator.

[0011] In some exemplary embodiments, the stereo projection apparatus with low throw ratio
and high light efficiency also comprises a linear polarizer disposed in front of the light modulator
and, by filtering, the linear polarizer causes the transmitted light beam, first reflective light beam
and second retlective light beam to have the consistent polarization state.

0012] In some exemplary embodiments, the light modulator 1s replaced with a
quarter wavelength retardation film, and the quarter wavelength retardation film is configured to
transform the transmitted light beam, first reflective light beam and second reflective light beam
into a 45-degree left-circularly polarized light and a 135-degree right-circularly polarized light.
[0013] [n another aspect, the present invention provides a stereo projection system with low
throw ratio and high light efficiency, which compriscs a projcctor, a mctal screen, and a stereo
projection apparatus with low throw ratio and high light efficiency. The projector is contigured
to project left-eyc images and right-cyc images in accordance with a frame sequence. The
metal screen 1s configured to form images of the reflective light beams and the transmitted light
bcam, and paircd lights of the left-eye images and right-eye images which are projected onto the
metal screen are reflected with an opposite circular polarization state.

|0014]  The sterco projection system with low throw ratio and high light efliciency of one or
more aspects of the present invention utilizes the polarized beam splitter assembly to split the
incident light into three parts by two polarized beam splitting plancs, which effectively reduces
the optical path difference between the reflective light and the transmitted light.  As a result, the

size of the entire device 1s significantly reduced, and overlapping of the various light beams
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becomes easier. In addition, the twisted liquid crystal device i1s used as a device for rotating the
polarization direction of the polarized light, which provides a small chromatic dispersion and
high efficiency of rotating the polarization direction.

[0015] In another aspect, the present invention provides a stereo projection apparatus,
comprising:

a polarized beam splitter assembly configured to split a projecting light beam of a
projector into a transmitted light beam, a first rcflective light bcam and a sccond retlective light
beam, the polarization direction of the transmitted light beam being orthogonal to the
polarization direction of the first reflective light beam and the second reflective light beam;

a polarization state transforming assembly configured to adjust the polarization state of
the transmitted light beam, the polarization state of the first reflective light beam and the
polarization state of the second reflective beam, such that the adjusted transmitted light beam,
first reflective light beam and second reflective light beam have the same polarization state;

a light path direction adjustment assembly configured to adjust a travel direction of the
transmitted light beam or a travel direction of the first reflective light beam and the second
reflective light bcam, such that the adjusted transmitted light beam, hirst reflective light beam and
second retlective light beam have the same travel direction;

a hght beam size adjustment assembly configured to adjust a coverage range of the
transmitted light beam or a coverage range of the first reflective light beam and the second
reflective light beam, such thal projecting images ol the adjusted transmitted light beam, [irst
retlective light beam and second reflective light beam have the same size; and

a light modulator configured to modulate the adjusted transmitted light beam. first

reflective light beam and second reflective light beam to left-circularly polarized light and
right-circularly polarized light in accordance with a frame sequence.
[0016] In another aspect, the present invention provides a stereo projection apparatus,
COmMprising:

a polarized beam splitter assembly configured to split a projecting lhight beam of a
projcctor 1nto a transmitted light beam, a first rctlective light beam and a second reflective light
becam, the polarization direction of the transmitted light beam being orthogonal to the

polarization direction ol the first reflective light beam and the second reflective light beam;
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a polarization state transforming assembly configured to adjust the polarization state of
the transmitted light beam, the polarization state of the first reflective light beam and the
polarization state of the second reflective beam, such that the adjusted transmitted light beam,
first reflective light beam and second reflective light beam have the same polarization state;

a light path direction adjustment assembly configured to adjust a travel direction ot the
transmitted light beam or a travel direction of the first reflective light beam and the second
rctlective light becam, such that the adjusted transmitted light beam, first reflective light beam and
second reflective light beam have the samc travel dircction;

a light beam size adjustment assembly configured to adjust a coverage range of the
transmitted light beam or a coverage range of the first reflective light beam and the second
rellective light beam, such that projecting images of the adjusted transmitted light beam, first
reflective light beam and second reflective light beam have the same size; and

a quarter wavelength retardation film configured to transform the transmitted light beam,
first reflective light beam and second reflective light beam into a 45-degree left-circularly
polarized light and a 135-degree right-circularly polarized light;

whercein the polarized becam splitter assembly comprises a polarized beam splitter prism
set, the polarized beam splitter prism set comprises three 45- degree prisms that are attached to
cach other after a prism coating process, the polarized beam splitter prism set 1s
rectangular-shaped and comprises one incident plane as well as a first emitting plane, a second
emitting plane and a third emitting plane, wherein the first emitting plane and the second
emitting plane have the same size being hall ol the size of the third emitting plane, and the third
emitting plane 1s a one-piece construction formed by one surface of one of the three prisms, there
are two polarization splitting planes inside the polarized beam splitter prism set, the two
polarization splitting planes are perpendicular to each other and both are at an 45-degree angle to
the incident plane, and the two polarization splitting planes intersect at a center line of the

incident plane.

BRIEF DESCRIPTION OF THE DRAWINGS

0017} Fig. I illustrates a structure and light path of an existing polarized beam splitter prism.
[0018] Fig. 2 illustrates a polarized beam splitter prism set and its light path according to the

embodiment ol the present invention.
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[0019] Fig. 3 illustrates an optical structure of the first stereo projection apparatus with low
throw ratio and high light efficiency according to the present invention, in which two twisted
liquid crystal devices are disposed across the light paths of the two reflective light beams and
between polarized beam splitter device and reflective mirrors.

[0020] Fig. 4 illustrates an optical structure of the second stereo projection apparatus with low
throw ratio and high light ethticiency according to the present invention, 1n which two twisted
liquid crystal devices are disposed across the light paths of the transmitted light beams.

0021} lig. 5 illustrates an optical structure ot the third stereo projection apparatus with low
throw ratio and high light efficiency according to the present invention, in which two twisted
liquid crystal devices are disposed across the light paths of another two reflective light beams

and between the reflective mirrors and linear polarizer.

DESCRIPTION OF THE EMBODIMENTS

[0022] In order to make the objectives, technical solutions and advantages become more
apparent, more detailed description of the present invention 1s made below with reference to the
drawings and embodiments. [t is to be understood that the specific embodiments explained
herein are 1ntended for the purposc of description only and shall not be used to limit the present
invention.

10023} The stereo projection apparatus with low throw ratio and high light efficiency of the
present mnvention utilizes a polarized beam splitter prism set to split an incident light into three
light beams with dilferent polarization state, and then utilizes a twisted liquid crystal device to
adjust the polarization state of one or two of the three light beams so as to make the three light
beams have the same polarization state. Two reflective mirrors or a reflective mirror set are
then used to adjust two light beams of the polarized beam splitter to have the same direction as
the original incident light.  As such, the three light beams overlap with each other on the metal
screen. This design can convert about 70% of the light of the projector into polarized light, which
incrcases the light efficiency of the stereo projection apparatus and hence increases the
luminance of the projected image. In addition, this design can provide the sterco projection
apparatus with a compact structure and low throw ratio and is suitable for projectors having a
throw ratio of about 1:1.

10024] A conventional polarized beam splitter prism is shown in Fig. 1. The polarized beam

sphitter prism includes two 45-degree prisms that are glued to each other and has one polarization
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splitting plane. A light incident on the polarization splitting plane 1s split mnto a transmuitted
P-state polarization light 101 and a reflective S-state polarization light 102. The present
invention redesigns the conventional polarized beam splitter to overcome the shortcomings of the
conventional polarized beam splitter. Fig. 2 illustrates the polarized beam splitter prism set
according to the present invention, which includes three 45-degree prisms that are attached to
cach other after a prism coating process. The present polarized beam splitter prism set 1s
rectangular-shaped and has onc incident plane and three emitting planes. The present polarized
beam splitter prism set has two internal polarization splitting planes that are perpendicular to
each other and are both at a 45-degree angle to the incident plane. The two polarization
splitting planes intersect at a center line of the incident plane. An incident light 1s split into a
ransmitted P-state polarization light 201 and reflective S-state polarization lights 202, 203.

[0025] As shown in Fig. 3, the stereo projection apparatus with low throw ratio and high light
efficiency of the present invention includes a polarized beam splitter assembly 302, light path
direction adjustment assemblies 305 and 306, polarization state transforming assemblies 303 and
304, a light beam size adjustment assembly 307, and a light modulator 309. The polarized
beam splitter assembly 302 is used to split an incident light from a lens of a projector 301 into a
transmitted light bcam 201, a first reflective light beam 202 and a second retlective light beam
203. The transmitted light beam has a P-polarization state, and the two reflective light beams
have a S-polarization state. The transmitted light beam and reflective light beams are collectively
referred to as polarized lights. The polarized beam splitter assembly 302 splits the light beam
of the projector 301 into the transmitted hight beam 201, the first reflective light beam 202 and
the second reflective light beam 203. The polarization direction of the transmitted light beam
201 is orthogonal to the polarization direction of the first reflective light beam 202 and the
second reflective light beam 203. The polarization state transtorming assemblies 303 and 304
adjust the polarization state of the transmitted light beam or the polarization state of the first
reflective light beam and the second reflective beam, such that the adjusted transmitted light
beam, first reflective light beam and second reflective light beam have the same polarization
state. The light path dircction adjustment assemblies 305 and 306 adjust the travel direction of
the transmitted light beam or the travel dircction of the first reflective light becam and the second

reflective light beam, such that the adjusted transmitted light beam, first reflective light beam and

second reflective light beam have the same travel direction. The light beam size adjustment
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assembly 307 adjusts the coverage range of the transmitted light beam or the coverage range of
first reflective light beam and second reflective light beam, such that the projecting image of the
adjusted transmitted light beam, first reflective light beam and second reflective light beam have
thec samc size. The light modulator 309 modulatcs the adjusted transmitted light beam, first
reflective light beam and second reflective light beam to left-circularly polarized light and
right-circularly polarized light in accordance with a frame sequence. In a first embodiment, the
polarization state transforming assemblies 303 and 304 are respectively disposed 1n the first
reflective light beam 202 and the second reflective light beam 203, 1.e. adjacent two opposite
emitting planes of the polarized beam splitter assembly 302 as shown 1n Fig. 3, to rotate the
polarization state of the reflective light beams 90 degrees to make them consistent with the
polarization state of the transmitted light beam. The polarization state transforming assemblies
303 and 304 include at least one twisted liquid crystal device which 1s usually a
90-degree-twisted TN type bquid crystal device. When the polarization direction of a light
incident on the twisted liquid crystal device 1s parallel or perpendicular to the arrangement
direction of the surface layer molecules of the liquid crystal layer ot the twisted liquid crystal
device, the polarization state of the light passing through the twisted liquid crystal device will be
rotated 90 degrees. Increasing a delay value of the twisted liquid crystal device facilitates
achieving better polarization state.

0026] In combination with the above embodiments, the light path direction adjustment
assemblies 305 and 306 may include two reflective mirrors respectively disposed at opposite
sides of the reflective planes of the polarized beam splitter assembly 302, for reflecting the
retlective light beams again to make their travel direction consistent with the travel direction of
the transmitted light beam and to make the projecting images of the transmitted light beam, first
retlective light beam and second reflective light beam on the metal screen overlap with cach
other by means of an angle adjustment. The polarized beam splitter asscmbly 302 is a polarized
bcam splitter prism set.  Pretferably, the light modulator 309 1s a liquid-crystal-light-valve-type
light modulator.

[0027] In combination with the above embodiments, the stereo projection apparatus with low
throw ratio and high light efficiency of the present invention may further include a linear

polarizer 308 disposed in front of the light modulator 309. By filtering, the linear polarizer 308
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causes the transmitted light beam, first reflective light beam and second reflective light beam to
have the consistent polarization state, making the polarized lights even better.

[0028] In combination with the above embodiments, the polarization stage transtorming
assemblies 303 and 304 include at least one twisted Liquid crystal device. The twisted liquid
crystal device is disposed across the light paths of the first reflective light beam and second
reflective light beam and in front of or after the light path adjustment assemblies, or disposed at
any location after the light beam size adjustment assembly and in front of the light modulator.
(0029] In a second embodiment, as shown in Fig. 4, the twisted ltquid crystal device 1s
disposed after the polarized beam splitter prism set to adjust the transmitted light beam to have a
consistent polarization state with the reflective light beams.

[0030] In a third embodiment, as shown 1n Fig. 5, there arc two twisted liquid crystal devices
disposed 1n the reflective light beams. The two twisted liquid crystal devices are respectively
disposed between the two reflective mirrors and the linear polarizer 308 to adjust the reflective
light beams to have a consistent polarization state with the transmitted light beams.

[0031] In combination with the various embodiments above, the twisted liquid crystal device
may be a traditional glass-substrate-based liquid crystal device, which consists of a glass
substrate, transparent conductor layer, alignment layer, spacer, sealing material, liquid crystal
material. The twisted liquid crystal device may also be a {lexible-plastic-substrate-based liquid
crystal device, which consists of a plastic substrate, transparent conductor layer, alignment layer,
spacer, sealing material, liquid crystal material.  The twisted liquid crystal device may also be a
macromolecule liquid crystal film based on polymer technology, such as, Twistar * film
produced by DEJIMA company. It is to be understood that liquid crystal devices with twisted
structurc all fall within the scope of the present invention.

|0032] T'hc hight bcam size adjustment asscmbly 307 includces at Icast onc lens or lens group.
The lens or lens group is disposed at any location on the light paths of the transmitted light beam,
first reflective light beam and second reflective light beam. The lens or lens group acts to
expand or narrow the light beam in which 1t 1s disposed, such that the projecting image of the
light beam on the metal screen 310 has the same size as the projecting image of other light beams.
The lens or lens group can be disposed at various locations.  Specifically, the lens or lens group

is disposed after the polarized beam splitter prism set, i.e. between the polarized beam splitter

prism sct and the hincar polarizer 308, to cxpand the transmittcd light beam, such that the
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projecting image of the transmitted light beam on the metal screen 310 has the same siz¢ as the
projecting images of the reflective light beams.  Alternatively, the lens or lens group 1s disposed
after the two reflective mirrors, respectively, to narrow the reflective light beams, such that the
projecting images of the reflective light beams on the metal screen 310 have the same size as the
projecting image of the transmitted light beam. Alternatively, the lens or lens group may also
be disposed between the light modulator 309 and the metal screen 310. However, in order to
avold the affect of reflecting activities on the lens surface to the polarization state, the lens or
lens group is usually disposed between the polarization beam splhitter assembly 302 and the linear
polarizer 308.

[0033] In combination with thc various cmbodiments above, the light modulator 1s replaced
with a quarter wavelength retardation film. The quarter wavelength retardation film 1s disposed
after the linear polarizer to transform the polarized light passing through the linear polarizer into
a 45-degree left-circularly polarized light and a 135-degree right-circularly polarized light.

[0034] In various embodiments described above, the linear polarizer 308 1s an independent
component such that the transmitted light beam and the reflective light beams all pass through
the linear polarizer 308. In practice, the single linear polarizer 308 may be replaced with three
smaller-sized linear polarizers which are disposed in the first reflective light beam, the second
reflective light beam and the transmitted light beam, respectively. Similarly, the light
modulator 309 1s an independent component in various embodiments described above. In
practicc, thc light modulator 309 may also be replaced with three smaller-sized
liquid-crystal-light-valve-type light modulators which arc disposcd in the first reflective light
beam, the second reflective light beam and the transmitted light beam, respectively.

[0035] According to the stereo projection apparatus with low throw ratio and high hlght
efficiency, the present invention additionally provides a stereo projection system with low throw
ratio and high light efficiency, which includes a projector 301, a metal screen 310, and the stereo
projection apparatus with low throw ratio and high light efficiency as described above. The
projector 301 projects the left-eye 1mages and the right-eye 1images in accordance with the [rame
sequence. The metal screen 310 1s used to form the 1images of the reflective light beams and the
transmitted light beam and reflect, with an opposite circular polarization state, the light projected
onto thc mctal screen 310, such that the right-eye image and Icft-cyc image are kept separate

before the light enters the circularly polarized eyeglasses that the user wears, thereby avoiding
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crosstalk between the left- and right-eye images. The viewer wearing the circularly polarized
cyeglasses can thus see the stereo images. Left- and right-eye lenses of the circularly polarized
eyeglasses are respectively left-circularly polarized lens and right-circularly polarized lens,
which can separate the light reflected by the metal screen, such that the images entering the left
and right eyes are different, thereby separating the left-eye image from the right-eye image.

[0036] The above are only the apparent embodiments of the present invention, which will not
be used to restrict the scope of the present invention. It 1s intended that any modifications, the
equivalents or promotion 1s covered 1n the scope of the present invention provided that they are

in accord with the spirits or principle of the invention.
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CLAIMS
What 1s claimed 1s:

1. A stereo projection apparatus, comprising:

a polarized beam splitter assembly configured to split a projecting light beam of a projector
into a transmitted light beam, a first reflective light beam and a second reflective light beam, the
polarization direction of the transmitted light beam being orthogonal to the polarization direction
of the first reflective light beam and the second reflective light beam;

a polarization state transforming asscmbly configured to adjust the polarization state of the
transmitted light beam, the polarization state of the first reflective light beam and the polarization
state of the second reflective beam, such that the adjusted transmitted light beam, first reflective
light beam and second reflective light beam have the same polarization state;

a light path direction adjustment assembly configured to adjust a travel direction of the
transmitted light beam or a travel direction of the first reflective light beam and the second
reflective light beam, such that the adjusted transmitted light beam, first reflective light beam and
second reflective light beam have the same travel direction;

a light beam size adjustment assembly configured to adjust a coverage range of the
transmitted light beam or a coverage range of the first reflective light beam and the second
rcflective light bcam, such that projecting images of the adjusted transmitted light beam, first
reflective light beam and second reflective light beam have the same size; and

a light modulator configured to modulate the adjusted transmitted light beam, first retlective
light beam and second reflective light beam to left-circularly polarized light and right-circularly
polarized light in accordance with a frame sequence;

wherein the polarized beam splitter assembly comprises a polarized beam splitter prism set,
the polarized beam splitter prism set comprises three 45- degree prisms that are attached to each
other after a prism coating process, the polarized beam splitter prism set is rectangular-shaped
and comprises one incident plane as well as a first emitting plane, a second emitting plane and a
third emitting plane, wherein the ﬁrst-emitting plane and the second emitting plane have the
same size being half of the size of the third emitting plane, and the third emitting plane is a
onc-piccc construction formcd by onc surfacc of onc of the three prisms, there are two
polarization splitting planes inside the polarized beam splitter prism set, the two polarization

splitting planes are perpendicular to each other and both are at an 45-degree angle to the incident
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plane, and the two polarization splitting planes intersect at a center line of the incident plane.

2. The stereo projection apparatus according to claim 1, wherein the polarization state
transforming assembly comprises at least one twisted liquid crystal device; the twisted hiquid
crystal device 1s disposed across the light paths of the first reflective light beam and second

reflective light beam and in front of or after the light path adjustment assembly, or disposcd at

any location after the light beam size adjustment assembly and 1n front of the light modulator.

3. The stereo projection apparatus according to claim 2, wherein the twisted liquid crystal
device is one of a glass-substrate-based liquid crystal device, a [lexible-plasuic-substrate-based

liquid crystal device, and a macromolecule liquid crystal film based on polymer technology.

4. The stereo projection apparatus according to claim 1, wherein the light path direction
adjustment assembly comprises two reflective mirrors respectively disposed on light paths of the

first retlective light bcam and the second reflective light beam.

5. The stereo projection apparatus according to claim 1, wherein the light beam size
adjustment assembly comprises at least one lens or lens group, the lens or lens group 1s disposed
at any location on light paths of the transmitted light beam, first reflective light beam and second

reflective light beam.

6. The stereo projection apparatus according to claim 1, wherein the light modulator 1s a

liquid-crystal-light- valve-type light modulator.
7. The stereo projection apparatus according to claim 1, wherein the stereo projection

apparatus further comprises a linear polarizer disposed in front of the light modulator and, by

filtering, the linear polarizer causes the transmitted light beam, first reflective hght bcam and

second reflective light beam to have the consistent polarization state.

8. A stereo projection system, comprising a projector, a metal screen, and a stereo

projection apparatus according to any one of claims 1 to 8; the projector configured to project
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left-eye images and right-eye images in accordance with a frame sequence; the metal screen
configured to form images of the reflective light beams and the transmitted light beam, and
paired lights of the left-eye images and right-eye 1images which are projected onto the metal

screen being reflected with an opposite circular polarization state.

9. A stereo projection apparatus, comprising:

a polarized beam splitter assembly configured to split a projecting light beam of a projector
into a transmittced light bcam, a first reflective light beam and a second reflective light beam, the
polarization direction of the transmitted light beam being orthogonal to the polarization direction
of the first reflective light beam and the second reflective light beam:

a polarization state transforming assembly configured to adjust the polarization state of the
transmitted light beam, the polarization state of the first reflective light beam and the polarization
state of the second reflective beam, such that the adjusted transmitted light beam, first reflective
light beam and second retlective light beam have the same polarization state;

a light path direction adjustment assembly configured to adjust a travel direction of the
transmitted light beam or a travel direction of the first reflective light beam and the second
reflective light beam, such that the adjusted transmitted light beam, first reflective light beam and
second reflective light beam have the same travel direction;

a light beam size adjustment assembly configurcd to adjust a coverage range of the
transmitted light beam or a coverage range of the ftirst retlective light beam and the second
reflective light beam, such that projecting 1images ot the adjusted transmitted light beam, first
reflective light beam and second reflective light beam have the same size; and

a quarter wavelength retardation film configured to transform the transmitted light beam,
first reflective light beam and second reflective light beam into a 45-degree left-circularly
polarized light and a 135-degree night- circularly polarized light:

wherein the polarized beam splitter assembly comprises a polarized beam splitter prism set,
the polarized beam splitter prism set comprises three 45- degree prisms that are attached to each
other after a prism coating process, the polarized beam splitter prism set 1s rectangular-shaped
and comprises one incident plane as well as a first emitting plane, a second emitting plane and a

third emitting plane, whercin the first emitting plane and the second emitting plane have the

same size being half of the size of the third emitting plane, and the third emitting plane is a
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one-piece construction formed by one surface ol one ol the three prisms, there are two
polarization splitting planes inside the polarized beam splitler prism set, the two polarization
splitting planes are perpendicular to each other and both are at an 45-degree angle to the incident

plane, and the two polarization splitting planes intersect at a center line of the incident plane.

10. The stereo projection apparatus according to claim 9, wherein the polarization state
transforming asscmbly comprises at least onc twisted liquid crystal device; the twisted liquid
crystal device 1s disposed across the light paths of the first reflective hght beam and second
reflective light beam and in front of or after the light path adjustment assembly, or disposed at

any location after the light beam size adjustment assembly and 1n front of the light modulator.

1 1. The sterco projection apparatus according to claim 10, wherein the twisted liquid crystal
device 1s one of a glass-substrate-based liquid crystal device, a flexible-plastic-substrate-based

liguid crystal device, and a macromolecule liquid crystal film based on polymer technology.

12. The stereo projection apparatus according to claim 9, wherein the light path direction
adjustment assembly comprises two reflective mirrors respectively disposed on light paths of the

first reflective light beam and the second reflective light bcam.

13. The stereo projection apparatus according to claim 9, wherein the light beam size
adjustment assembly comprises at least one lens or lens group, the lens or lens group 1s disposed
at any location on light paths of the transmitted light beam, first reflective light beam and second

reflective light beam.

14. The stereo projection apparatus according to claim 9, wherein the light modulator is a

liquid-crystal-light- valve-type light modulator.

15. The stereo projection apparatus according to claim 9. wherein the sterco projection
apparatus further comprises a linear polarizer disposcd in front of the light modulator and, by
filtering, the linear polarizer causes the transmitted light beam, first reflective light beam and

second reflective light beam to have the consistent polarization state.

15
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16. A stereo projection system, comprising a projector, a metal screen, and a stereo
projection apparatus according to any one of claims 9 to 15; the projector configured to project
left-eye 1images and right-eye images in accordance with a frame sequence; the metal screen

configured to form 1mages of the reflective light beams and the transmitted light beam, and
paired lights of the left-eye images and right-eye 1mages which are projected onto thc mctal

screen being retlected with an opposite circular polarization state.
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