wo 2013/028743 A2 || ]I ¥ 0V OO0 00 O 00 R R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/028743 A2

28 February 2013 (28.02.2013) WIPO | PCT
(51) International Patent Classification: SASAKI, Toru [JP/JP]; 33,1 Tamagawadai 2-chome,
GO3B 21/60 (2006.01) Setagaya, Tokyo 158-8583 (JP).
(21) International Application Number: (74) Agents: BLANK, Colene H. et al.; 3M Center, Office of
PCT/US2012/051838 Intellectual Property Counsel, Post Office Box 33427,
(22) International Filing Date: Saint Paul, Minnesota 55133-3427 (US).
22 August 2012 (22.08.2012) (81) Designated States (unless otherwise indicated, for every
. ] . kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
L. DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
2011-182854 24 August 2011 (24.08.2011) JP KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Applicant (for all designated States except US): 3M IN- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NOVATIVE PROPERTIES COMPANY [US/US]; 3M NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
Center, Post Office Box 33427, Saint Paul, Minnesota SC, SD, SE, 8G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM,
55133-3427 (US). TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(72) Inventors; and . L
(75) Inventors/Applicants (for US only): TAKENOUCHLI, (84) Designated States (uniess otherwise indicated, for every
Takashi [JP/JP]; 33,1 Tamagawadai 2-chome, Setagaya, kind of regional protection available). ARIPO (BW, GH,
Tokyo 158-8583 (JP). KARASAWA, Fumio [JP/JP]; 33,1 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Tamagawadai 2-chome, Setagaya, Tokyo 158-8583 (JP). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[Continued on next page]
(54) Title: PROJECTION SYSTEM

40
a5 434 4T -

44

)
e

i
&

7
/

(57) Abstract: The present application provides a projection
system by which constraints placed on space use of a user
can be reduced. The projection system includes: a projector
and a screen. The screen includes a first film for transmitting
image light incoming from the projector and a second film
for transmitting the image light transmitted through the first
film. A pattern for refracting or reflecting the image light to-
ward the second film is formed on a light entrance face of
the first tilm receiving the image light. The incident angle of
the image light entering the first film is not less than 20 de-
grees.



WO 2013/028743 A2 |IIIWAT 00TV AV U

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Published:
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, _
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2013/028743 PCT/US2012/051838

PROJECTION SYSTEM

FIELD OF THE INVENTION

An aspect of the present invention is related to a projection system.

BACKGROUND

Conventionally, rear projection systems in which image light is projected from
behind a screen are known. For example, Japanese Publication Number 2004-533636
describes a method for displaying information to an audience using a rear projection system.
This method includes a step of providing a projector that can present an image and a step of
providing a flexible screen having a rear face that receives light from the projector and a

display face on a side opposite the rear face.

SUMMARY OF THE INVENTION

With conventional rear projection systems such as that described in Japanese
Publication Number 2004-533636, it is necessary to place the projector a certain distance
from the screen.  As aresult, what is called "dead space” is created in the space between the
projector and the screen, and space usable by a user is diminished an equivalent amount.
Therefore, there is a need for a projection system by which constraints placed on space use of
a user can be reduced.

A projection system according to an embodiment of the present invention includes a
projector and a screen which includes a first film for transmitting image light incoming from
the projector, and a second film for transmitting the image light transmitted through the first
film. A pattern for refracting or reflecting the image light toward the second film is formed

on a light entrance face of the first film receiving the image light, and an incident angle of the
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image light entering the first film is not less than 20 degrees.

According to such an embodiment, the incident angle of the image light incoming
from the projector is not less than 20 degrees and, therefore, the projector is placed that much
closer to the screen.  As a result, an equivalent amount of dead space is eliminated and

5  constraints placed on space use of a user can be reduced.

In a projection system according to another embodiment, the pattern may be a
substantially concentric circular pattern formed by a plurality of prismatic concavoconvex
patterns.

In a projection system according to yet another embodiment, the incident angle of

10 the image light entering the first film may be not less than 25 degrees.

In a projection system according to yet another embodiment, the incident angle of
the image light entering the second film may be less than 20 degrees.

In a projection system according to yet another embodiment, the incident angle of
the image light entering the second film may be not more than 15 degrees.

15 In a projection system according to yet another embodiment, a bead layer may be
coated on the light entrance face of the second film receiving the image light.

In a projection system according to yet another embodiment, a light absorption layer
may be formed on an inner side of the bead layer.

In a projection system according to yet another embodiment, the first film and the

20  second film may face each other across an intermediate layer having a refraction index of less
than 1.3.

In a projection system according to yet another embodiment, an edge of the first
film and an edge of the second film are laminated via a bonding layer, and the intermediate
layer may be an air layer.

25 According to an aspect of the present invention, a projection system can be provided
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by which constraints placed on space use of a user can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view schematically illustrating a projection system according
to an embodiment.

FIG. 2 is a cross-sectional view taken along line II-II of an example of the screen
depicted in FIG. 1.

FIG. 3 is a drawing illustrating a prismatic pattern.

FIG. 4 is a drawing illustrating a concentric circular pattern.

FIG. 5 is a drawing illustrating a pseudo-concentric circular pattern.

FIG. 6 is a magnified view of a die for forming the pattern depicted in FIG. 5.

FIG. 7 is a cross-sectional view taken along line II-1I of another example of the
screen depicted in FIG. 1.

FIG. 8 is a drawing that describes an incident angle of image light to the screen.

FIG. 9 is a graph showing a relationship between the incident angle of the image

light to the screen and luminance.

DETAILED DESCRIPTION

An embodiment of the present invention is described below in detail while referring
to the accompanying drawings. Note that in the descriptions of the drawings, similar or
identical components are assigned identical reference numbers and duplicate descriptions
thereof are omitted.

A projection system 1 according to an embodiment is a rear projection system that
projects image light from a rear face of a screen.  As illustrated in FIG. 1, the projection

system 1 includes a projector 10 and a screen 20. The screen 20 is laminated on a glass
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window, a transparent acrylic board, or the like. Note that in the example illustrated in FIG.
1, the rectangular screen 20 is depicted laminated on a window W, but the shape of the screen
20 and the placement location of the projection system 1 can be selected as desired. For
example, an embodiment in which a projection system using a human-shaped screen set up on
the floor is possible.

The projector 10 is a device that outputs the image light to be projected on the
screen 20. For example, an ultra-short focal length projector can be used as the projector 10.
The projector 10 converts an image signal input from an information processor such as a
personal computer (PC) or the like to image light, and outputs that image light from a light
source. The projected image output as the image light may be a still image or a moving
image.

The screen 20 is a flat device for displaying the image light emitted from the
projector 10. The screen 20 receives the image light emitted from the light source of the
projector 10 directly on the rear face thereof, and transmits the image light toward a display
face, which is a side opposite the rear face.  As illustrated in FIG. 2, the screen 20 is
provided with a first film 30 that functions as the rear face and a second film 40 that is
laminated on the first film 30 and functions as the display face. Note that as necessary, the
image light is shown as "L" in FIG. 2 and onward.

The first film 30 is a light transmitting film (turning film) that receives the image
light from the projector 10 and refracts or reflects that image light toward the second film 40.
A pattern 31 is formed on the light entrance face (light receiving face) of the first film 30,
which is the rear face of the screen 20, for refracting or reflecting the image light toward the
second film 40. The pattern 31 is a concavoconvex pattern in which mountain-like fine
convex portions having edge lines are arranged.

The form of the pattern 31 is not limited. For example, as illustrated in FIG. 3, the
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pattern 31 may be a prismatic pattern (hereinafter referred to as "prism pattern") or a Fresnel
lens-like pattern. When the pattern 31 is a prism pattern, the image light from the projector
10 reflects and then travels toward the second film 40. When the pattern 31 is a Fresnel
lens-like pattern, the image light refracts within the pattern and then travels toward the second
film 40. As illustrated in FIG. 3, when the pattern 31 is a prism pattern or a Fresnel lens-like
pattern, the first film 30 is disposed with respect to the projector 10 so that the edge lines of
the pattern intersect the light path of the image light.

The prism pattern can be configured as a pattern in which a plurality of collapsed
triangular poles is arranged in a uniform direction. Additionally, the prism pattern can be
configured as a pattern in which mountain-like convex portions having linear edge lines are
arranged in a uniform direction. Alternatively, the prism pattern can be configured as a
pattern in which "V" shaped grooves extending along a uniform direction are arranged in a
uniform direction.

Prism patterns and Fresnel lens-like patterns can be fabricated easily and
inexpensively. However, in these cases, the incident angle of the image light to the inclined
faces forming the pattern is non-uniform in the edge line direction of the pattern. Therefore,
in cases where the screen 20 is large, partial darkening of the projected image occurs. More
specifically, the farther the screen is placed from the light source along the edge line direction
of the pattern (a position where the incident angle is larger), the more the luminance of the
projected image declines.

As illustrated in FIG. 4, the pattern 31 may be a pattern in which mountain-like
convex portions having semicircular edge lines are arranged in a concentric circular manner.
In this case, the first film 30 is positioned so that the center of the concentric circle is close to
the position of the projector 10.

When using a concentric circular pattern, the incident angle of the image light to the
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inclined faces forming the pattern is uniform throughout the entire screen 20. Therefore,
luminance of the projected image at or above a certain level can be maintained through the
entire screen 20. However, manufacturing costs must be taken into consideration because a
concentric circular pattern must be fabricated specific to the dimensions of the screen 20 for
which it will be used.

As illustrated in FIG. 5, the pattern 31 may be formed from a plurality of prism
patterns arranged so as to form a pseudo-concentric circular shape.  As illustrated in FIG. 6,
such a pattern 31 is formed by: first forming a die by arranging regular polygonal (e.g.
equilateral hexagonal) tiles, in which the prism pattern is formed, so as to form a
pseudo-concentric circular edge line; and then forming the pseudo-circular pattern 31 on a
light transmitting film via a micro-replication technique using this die.

When using the pseudo-circular pattern 31, the incident angle of the image light to
the inclined faces forming the pattern is substantially uniform throughout the entire screen 20.
Therefore, luminance of the projected image at or above a certain level can be maintained
through the entire screen 20, the same as when using the concentric circular pattern.
Additionally, because the only requirement is that the prism pattern be formed on the tiles, the
tiles can be fabricated easily and inexpensively and, moreover, it is possible to use the tiles in
the manufacture of various sizes of the screen 20.  Therefore, manufacturing costs can be
controlled.

The second film 40 is a light transmitting film that receives image light that enters
from the first film 30 on a rear face thereof, and outputs the image light from the rear face to
the display face, which is the side opposite the rear face. In this embodiment, a rear
projection film (RPF) manufactured by 3M Company (e.g. 3MTMRPF120) is used as the
second film. As illustrated in FIG. 2, the second film 40 (RPF) includes a transparent

substrate 41, a bonding agent 42, a transparent polyvinyl chloride (PVC) film 43, a bead layer
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44, and a light absorption layer (light blocking layer) 45.

A first face of the transparent substrate 41 functions as the display face of the screen
20, and the PVC film 43 is adhered to a second face (side opposite the first face) of the
transparent substrate 41 using the bonding agent 42. The bead layer 44 is coated on a face of
the PVC film 43, which corresponds with the rear face (light entrance face of the image light)
of the second film 40. Space between the PVC film 43 and the bead layer 44 or, in other
words, the inner side of the bead layer 44, is filled with the light absorption layer (light
blocking layer) 45, which is formed from black polyvinyl chloride. The light absorption
layer 45 blocks ambient light from entering and, thus, serves to increase the contrast of the
image light. Glass beads and beads formed from acrylic resins such as PMMA (polymethyl
methacrylate) and the like can be used for the bead layer 44.

The first film 30 and the second film 40 are bonded together via a bonding layer. A
method for bonding these two films can be selected as desired and, therefore, the bonding
layer is not limited to a single configuration. For example, the first film 30 and the second
film 40 may be bonded via a bonding agent or adhesive tape applied to the edges of each of
the films. In this case, as illustrated in FIG. 2, an air layer 50 occupies regions between the
first film 30 and the second film 40 other than the edges and, therefore, a refraction index
between the first film 30 and the second film 40 is 1.0.  Alternately, as illustrated in FIG. 7,
these films may be bonded together by filling the space between the first film 30 and the
second film 40 with a bonding agent 51 having a refraction index of less than 1.3. In either
case, the first film 30 and the second film 40 are arranged so as to face each other via an
intermediate layer 50 or 51 having a refraction index of less than 1.3.

The projector 10 and the screen 20 are positioned such that the incident angle of the
image light emitted from the projector 10 on the first film 30 is not less than 20 degrees or not

less than 25 degrees. Here "incident angle" refers to the angle formed between a line normal
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to the light entrance face and the light path of the incident light. In the example illustrated in
FIG. 8, the incident angle is indicated as "o at the top end of the screen 20, which is the end
that is far from the projector 10, and is indicated as "f" at the lower end of the screen 20,
which is the end that is close to the projector 10. Therefore, a range of the incident angle 6
is f<0<0, and the incident angle 0 is not less than 20 degrees or not less than 25 degrees in
part or all of the range from the lower limit § to the upper limit a.  If the projector 10 is an
ultra-short focal length projector, the projector 10 can be placed very close to the screen 20
along an axis of a line normal to the display face of the screen 20.  The closer the projector
10 is placed to the screen 20, the larger the incident angle 0 will become.

The image light that enters the screen 20 at the incident angle 8 described above
refracts or reflects at the pattern 31 formed on the light entrance face of the first film 30 and
proceeds toward the second film 40. Here, the incident angle of the image light that enters
the second film 40 from the first film 30 is less than 20 degrees or is not greater than 15
degrees. Therefore, the pattern 31 is formed so as to input the image light, which enters the
first film 30 at an incident angle of not greater than 20 degrees or not greater than 25 degrees,
to the second film 40 at an incident angle of less than 20 degrees or not greater than 15
degrees. The image light can be refracted or reflected as described above by adjusting a
bottom angle of the convex portions forming the pattern 31.

When RPF is used as the second film 40 as in this embodiment, it will not be
possible to ensure a level of luminance sufficient to enable image viewing by a viewer due to
the bead layer 44 and the light absorption layer 45 if the incident angle is 20 degrees or
greater. This is because a large proportion of the image light will be absorbed by the light
absorption layer 45 if the incident angle is 20 degrees or greater.  If configured such that the
luminance is 100 when the incident angle of the image light is 0 degrees, which is most ideal,

as illustrated in FIG. 9, relative luminance exceeding 50 can be ensured when the incident
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angle is within =15 degrees, and a relative luminance of 30 or greater, which is a level at
which images are visible to a viewer, can be ensured when the incident angle is within 20
degrees. Therefore, the incident angle of the image light on the second film 40 may be less
than 20 degrees, or may be 15 degrees or less.

As described above, according to this embodiment, the incident angle of the image
light incoming from the projector 10 is not less than 20 degrees and, therefore, the projector
10 is placed much closer to the screen 20.  As a result, an equivalent amount of dead space is
eliminated and constraints placed on space use of a user can be reduced. This means that
existing space can be used in a useful manner by a user even in cases where the projection
system 1 is introduced. For example, if an ultra-short focal length projector is positioned on
a floor or ceiling in a state proximal to the screen along an axis of a line normal to the display
face of the screen, dead space can be substantially completely eliminated.

Additionally, according to this embodiment, the incident angle of the image light
entering the second film 40 from the first film 30 is less than 20 degrees. Therefore, the
luminance of the image light projected on the display face of the screen 20 can be maintained
at or above a certain level (relative luminance of 30 or greater shown in FIG. 9).  If the light
absorption layer 45 is used as in this embodiment, the contrast of the image will increase and,
therefore, a sharp image can be displayed on the screen 20 even in cases where luminance is
comparatively low.

The present invention has been described in detail based on the embodiment.
However, the present invention is not limited to the embodiment described above. Various
modifications can be made to the present invention without deviating from the scope thercof.

In the embodiment described above, the second film 40 includes the bead layer 44
and the light absorption layer 45, but these layers are not essential components. Moreover

the type of light transmitting film used as the second film 40 is not limited. In such a case, a
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sharp and bright image can be displayed to a viewer by adjusting the incident angle of the
image light projected on the second film 40 to be less than 20 degrees or 15 degrees or less.
The refraction index of the intermediate layer sandwiched between the first film 30
and the second film 40 may be a value that is close to about 1.3. For example, in cases
where the space between the first film 30 and the second film 40 is filled with an acrylic
bonding agent, the refraction index of the intermediate layer will be from about 1.4 to about
1.5. Additionally, in cases where the space between the films 30 and 40 is filled with water,

the refraction index of the intermediate layer will be about 1.33.

10
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WHAT IS CLAIMED IS:

1. A projection system comprising: a projector and

a screen which comprises a first film for transmitting image light incoming from the
projector, and a second film for transmitting the image light transmitted through the first film,

wherein

a pattern for refracting or reflecting the image light toward the second film is formed
on a light entrance face of the first film receiving the image light, and

an incident angle of the image light entering the first film is not less than 20 degrees.

2. The projection system according to claim 1, wherein the pattern is a substantially

concentric circular pattern formed by a plurality of prismatic concavoconvex patterns.

3. The projection system according to claim 1 or 2, wherein the incident angle of the

image light entering the first film is not less than 25 degrees.

4, The projection system according to any one of claims 1 to 3, wherein the incident

angle of the image light entering the second film is less than 20 degrees.

S. The projection system according to claim 4, wherein the incident angle of the image

light entering the second film is not more than 15 degrees.

6. The projection system according to any one of claims 1 to 5, wherein a bead layer is

coated on the light entrance face of the second film receiving the image light.

11
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7. The projection system according to claim 6, wherein a light absorption layer is

formed on an inner side of the bead layer.

8. The projection system according to any one of claims 1 to 7, wherein the first film
and the second film face each other across an intermediate layer having a refraction index of

less than 1.3.

9. The projection system according to claim 8, wherein an edge of the first film and an

edge of the second film are laminated via a bonding layer, and the intermediate layer is an air

layer.

12
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