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The Front Projection Type
Auto-stereoscopic 3D with Retarder and
Pattern Polarizer

Student: Fu-Yei Chen Advisor: Dr. Han-Ping D. Shieh
Dr. Yi-Pai Huang

Institute of Electro-Optical Engineering

National Chiad Tung University

Abstract

In order to get more natural 3D sensation from displays, many researchers
and manufacturers; were attracted to<invest in the development of 3D display
technology in recent.years..The traditional projection type polarized stereoscopic
displays need to wear glasses,.and the parallax“barrier auto-stereoscopic display
can not make in direct projection. Consequently we proposed a new kind of
projection type auto-stereoscopic display combining the advantages of both
projection type’s polarized stereoscopic display and parallax barrier

auto-stereoscopic display.

A new kind of large size directly projection type auto-stereoscopic 3D display
was designed, which includes a polarization projector, parallax pattern polarizer,
quarter wave plate and AgO screen. Furthermore, the function of pattern
polarizer is parallax barrier, which could separate the left and right eye images

for observers. The crosstalk is less than 5% in simulation for direct vision. The



experiment result shows that the crosstalk is less than 20% for direct viewing.
The advantages of this structure is easy to fabricate, low crosstalk, large panel
size(>50-inch), high brightness and dose not need to wear glasses, it can be used
in large size movie theater screen, medical examine, entertainments, and

commercial application .
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Chapter 1

Introduction

1.1 Preface

For the display technology industry, there have been many kinds of displays
developed in the past 120 years as shown in Fig.1- 1 [1]. K. F. Braun invented the
cathode ray tube (CRT) in 1897. Human eyes have three different kinds of cone cells,
thus humans can sense color. Thus,\we have progress from black and white to colorful
cathode ray tube (CRTs). After-developed of CRT, klatpanel displays have become
widely used because CRTs are -bulky. In order to get higher image quality, many
researchers have focused on high-definition televisions (HDTVs). However, the
image quality is still not'as good as real world images vision perceived by humans.
There is no stereoscopi€ sensation in the above technologies which are thus classified
as 2D displays.

Recently the human with technology improvement, the 3D displays have become
the next generation displays, with many displays companies have began to produce

3D displays

Black-and-white TV Color CRT Flat Panel Display HDTV 3D Display

1925 1950 1975 1995 2000

Fig.1- 1 Display improvement
1



1.2 Principle of 3D vision

Before the introduction of the 3D display, research result in visual science must
be discussed. More than one method can allow human to perceive 3D visual. In the
real world, depth cues can be divided into three kinds: monocular, binocular, and
oculomotor [2].

Monocular

The monocular cue includes Interposition, Light and Shade, Texture Gradient
and Aerial Perspective. Humans can feel depth information using monocular cues.
Binocular parallax

Binocular parallax is the snost‘popular method.used.in 3D display, when humans
see a 3D object, their left.and right-eyes see two different 2D images from both sides
of the object, and human’s brain-changes these two" 2D images to a 3D image,
therefore human perceive the 3D vision as shown in Fig.1- 2 Binocular vision. The
binocular parallax is effective @and precise-in-recognizing the depth difference, but

binocular parallax has a limitation‘because the objects distance must be 10m away.

\
\

" Intergraded image

ight image

Right eye

Left eye

Fig.1- 2 Binocular vision

The perception of the image depended on the eye parallax as shown in Fig.1- 3,

changing the distance between screens can change the perceived depth of the 3D



image.

p, perceived depth
U z, viewing distance
- e, eye separation

d, screen disparity

Fig.2- 3-Depth ofbinocular vision

Convergence
Convergence is based on the inward focus on a close object. Convergence is

ineffective at long distances (~20m) as shown-in Fig:1- 4.

o
(3

Accommodation

45°

Fig.1- 4 Convergence

Accommodation is adjusting the shape of the lens of the eye when focusing on

objects. Accommodation is effective at short distances (~3m) as shown in Fig.1- 5.



Thick lens- object is far

Thin lens- object is near

Fig.1- 5 Accommodation

Motion Parallax

Motion Parallax is when either an object in the scene or the observer's head
moves. Depth cues are often provided by observers-or objects movement in the visual
environment.
Others

The other monoeular cues are learned or based on experience and over time
observers learn the physical significance of different retinal iImages and their relation
to four cues in the real world. These include interposition, linear perspective etc.
In the real world, humans:ean. easily perceive_depth ‘information by using the
above-mentioned depth cues. In displaying visual 3D information, this is due to the
fact that displays can not produce 3D information by using the occulomotor cues
(convergence and accommaodation), 3D displays, utilize binocular and motion parallax

to produce 3D images.

1.3 Introduction to 3D display

The flat panel 3D display uses the binocular parallax principle to produce the 3D
vision for humans; the display uses optics equipment to separate the left and right eye
image to observer’s left and right eyes, and uses the image process to combine the two

4



different 2D image distances to control perceived depth.

3D display technology can be classified into stereoscopic and auto-stereoscopic
as shown in Fig.1- 6; the stereoscopic display requires special glasses. Many
stereoscopic displays have been developed [3], and humans can see this structure in
the movie TV or in a computer monitor. Auto-stereoscopic systems don’t require
glasses; auto-stereoscopic displays were developed in recent years, there are still some

Issues such as viewing angle and screen size which require improvement.

3D Displays

Stereoscopic | |Auto-Stereoscopic
Anaglyph 3DiGlasses Parallaxbarrier
(g ()
T TN

Polarized:3D Glasses

AL N R G A A,
AP L T

L H L B L H L R

Shutter 3D Glasses Len{gcular Iﬁ{‘s

-

Fig.1- 6 Classify to 3D displays

1.3.1 3D display using stereoscopic system

The stereoscopic systems require observers to wear special glasses; stereoscopic
displays can be classified as anaglyph glasses, polarized glasses [4] and shutter
glasses [5]. Stereoscopic displays have been developed for more than 100 years,
humans have been solved many issues in stereoscopic displays, but wearing glasses is

inconvenient. Even if stereoscopic displays are inconvenient, stereoscopic displays

5



have good image quality and fewer viewing angle limitation.

1.3.2 Auto-stereoscopic display

The auto-stereoscopic displays don’t require special glasses, but auto-stereoscopic
display still have many issues, such as crosstalk and viewing angle issues. The two
auto-stereoscopic displays methods are parallax barrier [6] and lenticular lens [7]
are shown in Fig.1- 7 (a) and (b). Both parallax barrier and lenticular lens uses optic
devices to separate the left and right image to the observer’s left and right eyes
spatially. Auto-stereoscopic displays are the next generation display, can be applied to

the Movie Theater, home TV, menitor-and-maobile phone.

o) -

Parallax barrier 1 I | | .
Lenticular lens

LCD L R L R L R L R LCD R L R L R L R L

(@) (b)

Fig.1- 7 (a) Parallax barrier (b) Lenticular lens

1.3.3 Multi-view display

When ever the auto-stereoscopic displays are used, the multi-view system [8] is
required. The multi-view system can only be used in the auto-stereoscopic displays;
this system can show several different images to observers at the same time in

different position as shown in Fig.1- 8.



Display Ay {

View 1 View 2 View 3 View 4

Fig.1- 8 Multi-view display

1.4 Prior Arts on projection-3D displays

The projection type 3D display has aarge panel size and low cost fabrication.
Projection 3D display-can be classified into_stereoscopicyand auto-stereoscopic
systems. Stereoscopic systems require glasses. Stereoscopic systems can be used in
the movie theater like IMAX<3D:;Projection-type Auto-stereoscopic displays can be
used as an optical device to separate the left and right image to the observer’s left and
right eye as the ZBZX display.

IMAX 3D

The IMAX 3D system uses the projection type polarized glasses. The projection
type polarized glasses display uses two projectors; one projector projects the left eye
image using 45° polarization light, another projector projects the right eye image
using 135° polarization light. The projectors projected the polarized light to the AgO
screen, the AgO screen scatters the polarized light without changing the light

polarization state, and the observers must wear glasses with the left eye polarized at

7



45° and right eye polarized at 135°, finally the observers see different images in each
eye as shown in Fig.1- 9.

Recently many companies have proposed a circular polarizer to improve the
rotated viewing angle issue such as Master Image. Master Image uses a retarder
with a quarter wave plate to change the linear polarized light to circular polarized

light; this method can improve the rotated viewing angle limitation issue.

AgO screen (scatter the projection light and
does not change the state of polarization)
7

=

45’ polarization 45° — 135° . /185%polarization

polarizer polarizer

¢|l|ﬂ“"m

HY|

Fig.1- 9¢The principle of polarization glasses

ZBZX display

The ZBZX display [9] is called the zero barriers zero crosstalk projection type
auto-stereoscopic display. The ZBZX display doesn’t use barrier to separate light and
has low crosstalk (less than 5%). The ZBZX display uses the prism shape reflector
curvature screen as shown in Fig.1- 10, when the projector projects the light on the
screen. The prism shape reflector screen separates the projection light to observer’s
left and right eye. The prism shape reflector screen display has high light efficiency
and low crosstalk. But ZBZX display has narrow viewing angle and viewing window,
complex structure, and only for two observers.

8



Observers

Projector

Prism shape reflector

Fig.1- 10 The ZBZX display

1.5 Motivation and,Objective

The projection type 3D-display can make the larger.size display easily for Movie
Theater or exhibitionsdisplay; IMAX3D is‘a projection type=3D display has large
panel size for Movie Theater or home theater.-But wearing glasses is too trouble to the
humans.

The ZBZX display is an auto-stereoescopic projection type 3D display; ZBZX
display doesn’t require wearing glasses but the viewing angle is too narrow and
difficult to fabricate.

The parallax barrier is a good method to make the 3D display. Parallax barrier
display is easy to fabricate, parallax barrier display can make the multi-view systems
easily and doesn’t require special glasses. But the parallax barrier display can only use
in flat panel display like LCD; the LCD has limitation to achieve large size, there are
not technology uses the parallax barrier display in direct projection type display.

In order to make the large size auto-stereoscopic direct projection type 3D

display, this thesis combines the advantages of the projection type display and
9



parallax barrier, to make a projection type auto-stereoscopic display which is used in

the Movie Theater or exhibition, large size and doesn’t require wearing glasses.

1.6 Organization

This thesis is organized as follows. In Chapter 2, is the principle of the proposed
structure. In Chapter 3, is the simulation about the light distribution and the crosstalk
calculation In Chapter 4, the experiment result about the structure demo and the
issues will be presented. In Chapter 5, the improve method of experiment. Finally,

the conclusions and future works will be given in Chapter 6.
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Chapter 2

The proposed structure

2.1 Traditional parallax barrier uses in projection type

In order to make a projection type auto-stereoscopic display, the projected lights
are totally projected to the screen, and the optic equipment on the screen such as
parallax barrier; parallax barrier separates the reflection light from the screen to
observer’s left and right eye position. If.we used the conventional parallax barrier in
the projection type display, the parallax barrier blacked.at least 50% of the projected
light, and one of the eyes signal-was- blocked by the ‘parallax barrier as shown in
Fig.2- 1 (a). The parallax barrier-destroyed the image on screen and did not separate
the left and right images to correct position; observers only.saw one eye image as
shown in Fig.2- 1(b). ‘Conventional projection-type-parallax barrier was difficult to
produce the 3D image for‘observers.

If we wanted to receive the/full-3D-information, we have to make some optical
device on the screen. The ideal projected light totally pass through the parallax barrier
as shown in Fig.2- 2 (a), the parallax barrier only separates the reflected light on the

screen as shown in Fig.2- 2 (b).

11



Projector b Projector !

Parallaxbarier [l [N N BN

Parallax barrier

Screen — Screen —
(a) (b)

Fig.2- 1 (a) Traditional barrier design uses in projection type (b) Observers see one

eye image only

Projector

(o)

w
v

Parallax barrier L FEERERE TR ! Iara ax Iarrler

Screen

(a) (b)

Fig.2- 2 (a) The ideal projected light path (b) parallax barrier separates the reflected

light on screen only
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2.2 The proposed structure

2.2.1 Equipments- Pattern polarizer and quarter wave plate

In order to receive the information for both eyes by the projection type parallax
barrier auto-stereoscopic display, we used the 45° linear polarized projector, Quarter
wave plate, Pattern polarizer and AgO screen.

Polarized projector

The polarized projector is a projector which projects the linear polarized light in
variable polarization direction; we used the conventional DLP projector [10]. The
projected light projected from DLP.projector is‘none polarized light. The 3LCD [11]
and LCOS [12] projector. did not usewin .this<propesedsstructure because of the
projected light from ;,3LCD and—LCOS projector_has' the, different polarization
direction in RGB colar. We placed a variable polarizer in front of the DLP projector to
change the projected light to linear polarized light at fixed polarization direction.
Quarter wave plate

Quarter wave plate is an optical device made“by the birefringence material [13].
The quarter wave plate is a wave retarder‘has fixed optic axis. If the incident light is
polarized light at polarization direction 45°, when the light pass through the quarter
wave plate at optic axis is 0°, after the light pass through the quarter wave plate, the
transmittance linear polarized light changes to circular polarized light. If the incident
light is circular polarized light, when the incident circular polarized light pass through
the quarter wave plate, the circular polarized light changes to linear polarized light as

shown in Fig.2- 3 and Fig.2- 4.
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Optic, axis

45° polarized ; Circular

Quarter wavée plate

Fig.2- 3 Linear polarized light pass through the quarter wave plate

Optic, axis

Circular polarized 45’ polarized

Fig.2- 4 Circular pola uarter wave plate

Pattern polarizer

The pattern polarizer is made by a conventional polarizer; this polarizer is cut to
the strip shape in fixed length and width, the strip shape polarizer is periodicity in
same gap as shown in Fig.2- 5. We placed the pattern polarizer on the top of quarter

wave plate, the gap between the screen and the pattern polarizer is fixed.
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Fig.2- 5 The shape of pattern polarizer

AgO screen

The conventional projection screen destroys the polarization direction of the
projected light. We used the AgOgscreen [14] in proposed structure. AgO screen is a
special screen in the diffusion surface, the surface ‘of the screen has the tiny AgO
pellet coating as shownuin Fig.2--6.-1f the projected light has polarization state, we
used the conventional.screen did not maintain the polarization state as shown in Fig.2-
7 (a); we used the AgO!screen to scatter the light without changing the projected
light’s polarization state as shown in Fig.2- 7(b). | “AgO screen is usually used in the

movie theater for IMAX3D stereoascopic display.

AgO pellet coating

® 0/3\.’0

Diffusion surface

Fig.2- 6 The structure of the AgO screen
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Reflected light
(none polarization)

Projected light
(linear polarization 45°)

7
/
7

Conventional screen

(@)

Reflected light
(linear polarization 45°)

Projected light

(linear polarization 45°) / g
/ 7
7 4 / 7
i 7 J

AgO screen

(b)

Fig.2- 7 (a) The polarized light projects on the conventional ‘'sereen (b) The polarized

light projects on the AgO.screen

2.2.2 Proposed structure device

The proposed structure used a projector to project the image at 45° polarized. We
used a pattern polarizer in 45° on the screen. We placed a quarter wave plates under
the pattern polarizer, and we used an AgO screen as the projector screen to scatter the
projected light and did not change the state of polarization, as shows in Fig.2- 8, the

3D vision of proposed structure as shown in Fig.2- 9.
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Polarized 45’ projector g
kd

Pattern polarizer with 45°

e e g

quarter wave plates

=L B L LR L LB L

AgO screen

Fig.2- 8 Proposed structure design

Polarized 45° projector

pattern polarizer with 45°

Quarter wave plate

AgO screen

Fig.2- 9 The 3D vision of proposed structure

2.3 Principle of proposed structure

The projected light at 45° polarized totally passed through the 45° pattern
polarizer. When the light passed through the quarter wave plate, linear polarized light
was changed to the right hand circular polarized light and the projected light was

scattered on the AgO screen as shown in Fig.2- 10. When the light was reflected
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through the AgO screen, the right had circular polarized light was changed to left hand
circular polarized light. When the reflected light passed through the quarter wave
plate again, the polarization direction changed to 135°. And the reflected light was
blocked by the pattern polarizer at 45°, and other light passed through the pattern

polarizer if there were not blocked by the pattern polarizer as shown in Fig.2- 11.

Pattern polarizer with 45

Pattern polarizer with 45° &

Quarter wave plate

AgO screen

Quarter wave plate

AgO screen

Fig.2- 11 The light path of reflected light

2.4 Light path of the proposed structure

This structure required the projected light totally passing through the pattern
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polarizer and prorogating to the screen, and the pattern polarizer separated the
reflected light only to the identical position. The totally light path shows in Fig.2- 12.
We compared the proposed structure and the traditional projection type parallax
barrier as shown in Fig.2- 13. The proposed structure did not block the projected light
and separated the reflected light on the screen only. This proposed structure was
similar to the parallax barrier display; the entire parallax barrier characteristic is able

to use in this proposed structure.

Polarized 45’ projector

%ht path of propose

AN —A

Pattern polarizer 45° [ZZ!

Quarter wave plate

Parallax barrier [ [ ] Il N

AgO screen ’ R - R

(

-
a)

(b)
Fig.2- 13 Comparison between the (a) Proposed structure (b) Conventional projection
type parallax barriers
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2.5 Proposed structure design formula

There is a pattern polarizer designing as shown in Fig.2- 14 [15]. If the pixel
pitch, viewing distance have been know, the human eyes distance 6.5mm, and the gap
distance between barrier and pixel are calculated by the barrier design formula as

shown in Fig.2- 14.

Quarter wave plate

1 & pattern polarizer i : pixel pitch
Screen H z: viewing distance
g . .
Wil | A e: eyes distance (65mm)
[ g+ -
L :'_:;:c;’;: —— e =6.5cm
R M———
ol 4
Bl T
4 T —
H ¢ R
Y

!

Fig.2- 14 Parallax barrier design structure

The pixels and barrier. are arranged so the“centre 0f each pair of left and right
view pixels is visible at the centre.of-the viewing-windows. The geometry defining the
design of the parallax barrier pitch, b, can then be determined from considering
similar triangles in Fig.2- 14

b _2i

-9 12 @

The formula (1) can be rearranged to give:

. Z—(
b =2i( . ) 2

The result (2) is that the barrier pitch for a two viewing window display is just less

than twice the pixel pitch on the display. This small difference between the pixels and
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the barrier pitch accounts for the variation in viewing angle between the eyes and the
pixels across the display and is often referred to as viewpoint correction.

Viewing distance, z, for the best quality viewing windows is another design
factor and again from similar triangles in Fig.2- 14 we can deduce a geometric
relationship for this.

i e

9 z-9 N

The result (3) can be rearranged to give:

(e
k. @

We used this design. formula to fabricate<the proposed structure model, we

designed the simulation.model to-find the optimized_pattern.polarizer size and made

the model to demo this proposed structure.

2.6 Multi-view display design formula

Changing the barrier aperture size in-pattern‘polarizer can make the multi-view
display as shown in Fig.2- 15. If parameters of this multi-view display are known, we

can use the design formula (5), (6) and (7) to design the multi-view display.

_e-n-i
e+n-i ®)
b=a(n-1) (6)
|-Z
g = . (7)
e+l
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n=views number

i= pixel size

z=viewing distance

e= eyes distance

g= barrier and pixels gap
a= aperture pitch

b= barrier pitch

Fig.2- 15 The multi-view display design structure

\ 1596
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Chapter 3

Simulation Results

After designing the proposed structure, we had to simulate this proposed
structure; we used lighttools to make the model and simulated it in this chapter. We
find the light distribution for proposed structure about the left and right eye image
intensity compared to normalized intensity and the viewing angle, and the crosstalk
calculation results. Finally we changed the parameter of the pattern polarizer to find

the optimized results and simulated the multi-view model.

3.1 Simulation model.setup

We used the crosstalk value to-determinethe 3D image quality of the 3D displays,
the crosstalk [16] formula shows in Fig.3<'1. We assumed. the screen size was
50*40cm, the pixel pitch-was 2mm;, the-pattern;polarizer pitch was 4mm, aperture size
was 2mm, projected distance.was 4m, the pattern polarizer.and screen gap was 4cm as

shown in Fig.3- 2.

Crosstalk definition: Crosstalk=[ right image (ghost image) ] x100 %
left + right image

Fig.3- 1 The crosstalk definition
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—

?
: Projection distance=4m
1
1
1
1
m
1

Pattern polarizer pitch=4mm

I_H

Gap=4cm

' Pattern polarizer aperture pitch=2mm ’

Panel size=50cm*40cm

Fig.3- 2 The simulation model of the proposed structure

3.2 Simulation in light distribution

The simulation results of the light distribution in‘proposed model as shown in
Fig.3- 3. Fig.3- 3 shows the light-distribution.in normalized intensity compared with
the viewing angle. The viewing angle was from 0° to;30°. The proposed structure
separated the left and right eye image to fixed position clearly. The average crosstalk
was less than 5% for each-eye. in normal direction (0°)./But.the crosstalk increased to
20% in larger viewing angle<(30°). TFhe.brightness decreased 70% than the normal
direction (0°). This simulation results showed the 3D effect in this proposed structure
was good if observers stand in the correct position in direct viewing.

But in this proposed model, the viewing window of the light distribution was not
good enough. If observers moved their head, observers did not see the clearly 3D
image, the viewing window was too narrow in this model, and the crosstalk value in

larger viewing angle was large.
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Barrier aperture size 2mm

Normalize intensity

Viewing angle *

Fig.3- 3 Light distributions in 0°~30° for proposed model

3.3 Improved in viewing window and crosstalk ssues — open

aperture optimization

From the previews simulation results; the crosstalk was increased when the
viewing angle increased, and the mnarrow viewing window. issues. The proposed
structure is used in the movie theater, if the crosstalk increases in larger viewing angle,
the observers set in the wide viewing angle-did not see the high quality 3D image, and
the narrow viewing window issues limited the observer’s viewing position. The larger
viewing angle crosstalk issues and viewing window issues should be improved. The
improved method was varied the pattern polarizer aperture size; the following

simulation models varied the aperture size from 1.6mm to 0.4mm.
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Barrier aperture size 0.8mm
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r
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0.8 | i
|

|
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|
0.6 |
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Normalize intensity

Viewing angle *

(©)

Barrier aperture size 0.4mm

0.8 |

06 |

0.4

0.2

Normalize intensity

Viewing angle ®

(d)
Fig.3- 4 Pattern polarizer aperture size (a) 1.6mm (b) 1.2mm (c) 0.8mm (d) 0.4mm

We changed the aperture size from 1.6mm to 0.4mm, the simulation results as
shown in Fig.3- 4 (a) to (d). The larger viewing angle (30°) crosstalk value in pattern
polarizer aperture size 2mm is 20%. The crosstalk value variation in pattern polarizer
aperture size from 2mm to 0.4mm is shown in Fig.3- 5.

Changing the pattern polarizer aperture size from 2mm to 0.4mm, the average

crosstalk decreased from 20% to 12% in aperture size 1.2mm, but the crosstalk
27



increased to 25% by changing the pattern polarizer aperture size from 1mm to 0.4mm
as shown in Fig.3- 5. Because of the total brightness of the light was decreased
through the narrow aperture size. The optimized pattern polarizer aperture size is
1.2mm had the smallest crosstalk value 12%.

When we changed the pattern polarizer aperture size, the light distribution of left
and right eye image became more clearly. The viewing window of the light
distribution by changing pattern polarizer from aperture size 1.6mm to 0.4mm became
wide. The light distribution was changed form triangle wave distribution to square
wave distribution in narrow pattern polarizer aperture size as shown in Fig.3- 4 (a) to
(d). Observers can see the better 3D-image when we changed the pattern polarizer

aperture size from 2mm te.1.2mm.

Crosstalk VS. Aperture size

Crosstalk %

2 1.8 16 14 1.2 1 0.8 0.6 0.4

Aperture size mm

Fig.3- 5 Crosstalk compare with aperture size

The light efficiency by changing pattern polarizer aperture size 2mm to 0.4mm
decreased from 100% to 20% as shown in Fig.3- 6, if we want to obtain the low
crosstalk and wide viewing window, we decreased the pattern polarizer aperture size,
but when we decreased the aperture size the light efficiency was decreased too, this is

a trade-off between the crosstalk and light efficiency.
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Light efficiency VS. Aperture size

Light efficiency %

o

2 18 16 14 1.2 1 08 0.6 04

Aperture size mm

Fig.3- 6 The light distribution compare with viewing angle

3.4 The multi-view system

The most powerful advantage for this system is. the. multi-view system; the
proposed structure can ‘make the-multi-view.system easily. We changed the pattern
polarizer aperture sizesand changed the pattern polarizer and:AgO screen gap can

make the multi-view system [17]. The 4 views multi-view display model as shown in

Fig.3- 7.
: Projection distance=4m
1
1

|

Pattern polarizer pitch=6mm
P t—

Gap=4cm Pattern polarizer aperture pitch=2mm

Panel size=50cm*40cm

Fig.3- 7 The 4 views multi-view display model

The light distribution of the each view about the normalized light intensity

compared to the viewing angle is shown in Fig.3- 8. This multi-view display separated
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the each view image to the each viewing position. The average crosstalk of each view
was less than 10% in normal direction. But the viewing window of the light
distribution was not good enough, we optimized the viewing window issue, the
previews discussion showed the optimize pattern polarizer pitch was 1.2mm. The
aperture size 1.2mm multi-view display simulation results as shown in Fig.3- 9, the
average crosstalk in direct viewing was less than 5%, and viewing window for light

distribution was better than the aperture size 2mm model.

Multi-view
i }
)
- —]
® 08 |
c
O
-~
E 0.6 - e syjewl
3 view!
— 04 | e— | W2
£
=—View3
3 0.2
= — ] S

Viewing angle *

Fig.3- 8 The light distribution for 4 views/multi-view system.

Optimized multi-view

=
[

- - eyiewl
— 2

== view3

Normalize intensity

— ] e

Viewing angle’

Fig.3- 9 The light distribution optimized multi-view system (4-views).
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3.5 Summary

The simulation crosstalk for the proposed structure by lighttools was 5% in
normal direction (0°), the crosstalk increased in the wide viewing angle (30°), we
changed the pattern polarizer aperture size to decrease the crosstalk. The optimized
aperture pitch is 1.2mm; the crosstalk in wide viewing angle (30°) is 15%.

Changing the barrier aperture size decreased the crosstalk value, but the
brightness is decreased too, this is a trade-off between the light efficiency and
crosstalk.

The proposed structure can make the multi-view system easily, the simulation
result in 4-views multi-view “display” crosstalk™1s.10%; and the optimized average

crosstalk value is 5%.
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Chapter 4

Experimental Results

After simulation, the proposed structure separated the left and right image to the
fixed position, and observers stood in the correct position saw a 3D image. The demo
structure of the experiment required a linear polarized projector, a pattern polarizer, a
quarter wave plate, and an AgO screen. The experimental results showed a light
distribution compared to the normalized intensity and viewing angle. Finally the

experimental issues are discussed.

4.1 Experimental equipment

The experimentaksetup.is shown in Fig.4= 1..\We used a linear polarized projector,

a pattern polarizer, a quarter wave plate and an’AgO screen.

Variable polarizer

Pattern polarizer and quarter wave plate
projector
Fig.4- 1 The experimental setup

Linear polarized projector

A DLP projector at XGA (1024*768) resolution, we placed a variable polarizer at
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45° in front of the projector output lens as shown in Fig.4- 2.

Variable polarizer

Projector

Fig.4- 2 The XGA projector-and-a‘variable.polarizer in front of output lens

Pattern polarizer and guarter wave plate

The quarter wavesplate was -made. from optimax. Making-the same pitch pattern
polarizer was difficult..We used COz2 laser cutting to cut the' polarizer with a precise
pitch and aperture size, Fig.4- 3 shows the pattern-polarizer made by the CO2 laser
cutting, the size is 50cm*40cmy,the pattern polarizer pitch is2mm, and aperture size is

2mm.
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(b)

Fig.4- 3 (a) Pattern polarizer for 40*50cm (b) Pattern polarizer

AgO screen
We used an AgO screen in 100 inch Full HD (1920*1200) resolution, the AgO
screen scattered projected light without changing the polarization state as shown in

Fig.4- 4.
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Fig.4- 4 AgO screen and pattern polarizer

4.2 Experimental methc

distance was 400cm,
because of the projecti N, an Jetected distance was 250cm.
asure the light intensity

at different wavelengths;th J i e rotated the detector

recorded the light intensity as sho ig.4- 7."We projected the parallax left image
for odd white line and right image for even black line on the screen, the line width
was equal to one pixel size as shown in Fig.4- 8. We changed the white and black light

and measured the light intensity of left eye and right eye signals.
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Fig.4- 5 SR-UL1R detector

Pattern polarizer & quarter wave plate

AgO screen

" Detector

Fig.4- 6 Experimental setup
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Polarized projector 45° '
r

b

Projection distance =400cm

Detector

\
‘\
Detector distance =250cm

Voo3o
\
Pattern polarizer FF72 'I’ﬂ FFFZ2
Quarter wave plate i

AgO screen

Fig.4= 7 Experimental set upsparameters

T T

1 pixel black lines 1 pixel white lines

Fig.4- 8 Projected measurement image

4.3 Experimental results

After recording light intensity, the normalized intensity was compared to the
viewing angle from 0° to 30° as shown in Fig.4- 9. In viewing angles 15° to 30°, the

pattern polarizer did not separate the left and right eye image correctly. Brightness
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decreased more than 60% when the viewing angle was larger than 15°. The
experimental data from 15° to 30° was too rough to analyze, so we only analyzed the
experiment data from viewing angle 0° to 15°. The normalized intensity was
compared to the viewing angle from 0° to 15° as shown in Fig.4- 10, and the crosstalk

in the normal direction (0°) was 45%.

Experimental result

o
o

o
)

9
=

Normalize intensity

o
P

(=]

] 5 10 15 20 25 30
Viewing angle

Fig.4- 9 The light distribution from viewing angle 0° to 30°

Experimental result

0.8

0.6

0.4

0.2

Normalize intensity

0 5 10 15
Viewing angle

Fig.4- 10 The light distribution from viewing angle 0° to 15°
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4.4 Discussion

Unfortunately crosstalk value of 45% was much larger than the previews
simulation results. This phenomenon was caused by some issues we unable find by
using the simulation software. The most important issue was the reflection issue from
the pattern polarizer. The pattern polarizer was PVC material [19], this material
reflected the projected light from the projector. Some projected light was reflected on
the pattern polarizer as shown in Fig.4- 11. We call this image which was reflected on
the pattern polarizer as “reflected light”. Reflected light is caused crosstalk and
destroyed image quality, so observers did_not want to see the reflected image. Other
light passed through the pattern polarizer and quarterwave plate which was reflected
at the AgO screen as shewn'ingFig:4--11. \We called this light reflected on the AgO
screen as “image light”; this image-light was seen.by.observers:

If observers saw a high quality 3D image, observers had to see the image light
reflected on AgO screen hut not.the reflected-light.on pattern polarizer. In the next

chapter, improved methods will be'given.

Image on screen

4

Reflected image

Fig.4- 11 The reflection issue of the pattern polarizer
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Chapter 5

Improvement for the Crosstalk Issues

This chapter suggested some improved methods to decrease the reflected light
issue. In step one; we placed an adjustment polarizer to improve the reflection issue of
the pattern polarizer. In step two, we changed the pattern polarizer aperture size to
reduce the crosstalk. In step three, we used the DCR (digital crosstalk reduce) method
to reduce the light leakage issue of the pattern polarizer. After improvement, light
distribution and crosstalk was measured. We compared the simulation results and the
experimental results and discussed-the-issues. of the crosstalk. Finally some image

demo pictures are shown.

5.1 Step one: Improved in reflected light issue

Reflected light from the pattern-polarizer-was-difficult t6 reduce, and reflected
light destroyed the image‘quality which was reflected on.the’AgO screen.

The improved method placed a-polarizer-n front of observers; we called this
polarizer “the adjustment polarizer” as shown in Fig.5- 1. The adjustment polarizer
did not block the projector, and the polarization direction was perpendicular to the
projector light’s polarization direction. In adjustment polarizer direction at 135°

blocked the 45° polarized projected light.
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projector

screen

135’ polarizer

Fig.5- 1 The improved method (placed an adjusted polarizer in front of observers)

observers

5.1.1 Principles of the.improved method

The light propagated to the—pattern polarizer at 45°. The pattern polarizer’s
surface reflected this light without changing the polarization state at 45°. The light did
not pass through the quarter wave plate. \We placed an adjustment polarizer in front of
observers to block the reflected light at 45°as. shown in/Fig.5- 2. The image light
passed through the quarter wave,plate and reflected on‘the?/AgO screen which changed
the polarization state from 45° to; 135%»the 135° ‘image light completely passed
through the adjustment polarizer at 135° as shown in Fig.5- 2. Finally observers saw
the image light reflected on the AgO screen, and did not see the reflected light

reflected on the pattern polarizer.
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Observers

(@

Polarizer 135 °

g 45" projector

Reflection light 45 °

Pattern polarizer  przzz FFFZ2 FFZZ]

Quarter wave plate

AgO screen

Fig.5- 2 The'principle-of improved method

5.1.2 Experimental 'Results of improved method

Fig.5- 3(a) shows the reflected image before the improvement and Fig.5- 3(b)
shows the improved result. The reflected.light before improvement was much brighter
than the image light. After improvement, the reflection/light decreased through the
adjustment polarizer; therefare image light on AgO-Sereen was brighter than reflected
light on pattern polarizer. We used a detector to measure the reflected light decreased
through the adjusting polarizer by 80%, the image light is also decreased through the

adjustment polarizer by 20%.
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Visible reflection Almost invisible reflection
(a) (b)
Fig.5- 3 (a) The reflection light.before“improvement: (b) The reflection light after

improvement

5.1.3 Light Distribution Measurement

Light distribution.after improved by placing an adjustment polarizer in front of
the detector as shown in Fig.5-'4, we compared the result'of normalized intensity and
the viewing angle in left and right eye-images;this improvement result separated the
left and right eye image to fixed position more clearly than the original experimental
results. Crosstalk was decreased to 30% after improving. The image quality was much
better than original experimental results. The comparison between the original
experimental result and the improvement result as shown in Fig.5- 1. The crosstalk
value of 30% was still much larger than the simulation result. The previews
simulation results showed the optimized pattern polarizer aperture size was 1.2mm;

we used this pattern polarizer aperture size to optimize the experimental result.
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Fig.5- 4 The improved light distribution by placing the adjustment polarizer in front of

the detector
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Fig.5- 5 The comparison before and after placing the adjustment polarizer in front of

the detector

5.2 Step two: Open aperture optimized

After placing an adjustment polarizer in front of the detector, crosstalk was still
larger than the simulation result. In Chapter 3 the simulation results showed the
optimized simulation pattern polarizer aperture size was 1.2mm. We changed the

pattern polarizer aperture size to 1.2mm. The experimental result is shown in Fig.5- 6.
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The optimized experimental result separated the left and right eye image to fixed
position clearly. The crosstalk was 20% in normal direction. And the crosstalk was
much better than the original experimental result, as shown in Fig.5- 7. But the
crosstalk was higher than the simulation result as shown in Fig.5- 8; there were still

some issues to be discussed.

Optimized experimental result
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Fig.5- 6 The aperture,size of 1.2mm experimental results
QOriginal experimental result Optimized experimental result
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Fig.5- 7 A comparison between the original experimental results (pattern polarizer

aperture size 2mm) and the optimized results (pattern polarizer aperture size 1.2mm)
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Optimized simulation result Optimized experimental result
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Fig.5- 8 A comparison between the optimized simulation result and the optimized

experimental result (pattern polarizer aperture size 1.2mm)

5.3 The crosstalk issues

The pattern polarizerand quarter-wave plate light'leakage

The pattern polarizer and quarter wave plate unable to block all light, because the
pattern polarize and quarter wave plate is not the ideal parallax barrier. The pattern
polarizer and quarter wave plate had different light leakages at different wavelengths.
Pattern polarizer light leakage is depended.on-the.wavelengths as shown in Fig.5- 9.
The pattern polarizer and quarter wave plate had different light leakages at different
wavelengths, even the lowest light leakage at a wavelength of 550nm was 15%. So
the different wavelengths caused different crosstalk as shown in Fig.5- 10. The best
crosstalk value was 20% at a wavelength of 490nm, but at a wavelength of 700nm, the
crosstalk was 50%. The pattern polarizer light leakage caused larger crosstalk than the

ideal parallax barrier.
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Pattern polarizer light leakage vs. Wavelengths
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Fig.5- 9 Pattern polarizer light leakage compared to wavelengths

Crosstalk vs. Wavelengths
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Fig.5- 10 The crosstalk compared to the wavelengths

The AgO screen light leakage
AgO screen did not reflect all the polarized light without changing the
polarization state; some none polarized light was transmitted to the pattern polarizer

and adjustment polarizer. The light leakage was 10% of the AgO screens, which

caused crosstalk.
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Projector issues

The DLP projector had a contrast ratio issue and alignment issue as shown in
Fig.5- 11, the black line pixel was not dark enough than the white light pixel, and the
line pixel width was no equal to the white line pixel width. The ideal input projected
image is shown in Fig.5- 12; the black line pixels width should be equal to the white
line pixel width. In this experiment, the black line pixel width was 1.5mm, and white

line pixel width was 2.5mm.

1 pixel black lines | 1 pixel white lines

Fig.5- 11 The projected-image on'screen

T T

1 pixel black lines 1 pixel white lines
Fig.5- 12 The ideal input projected image
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The simulation results of the alignment issues is shown in Fig.5- 13, the black
line pixel width was 1.5mm and white line pixel width was 2.5mm. The light
distribution about the left and right eye image is similar to the optimized experimental
results as shown in Fig.5- 19, the crosstalk was 15%; the alignment issue caused the
crosstalk in the experiment. To achieve the best experimental results, we should use

the precise DLP projector; align the pixel and the pattern polarizer accurately.

Simulation result
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Fig.5- 13 The'simulation results of the alignment issue
Simulation result Optimized experimental result
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Fig.5- 14 The comparison between the simulation result and the optimized

experimental result
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5.4 Step three: Improvement by DCR (digital crosstalk reduce)
method

In order to reduce the crosstalk issues for the pattern polarizer and quarter wave
plate light leakage issues, we used the DCR (digital crosstalk reduces) [22] method to
reduce the crosstalk value.

In previews experimental results, the light leakage from the pattern polarizer and
quarter wave plate in red light is 30%, in green light is 15% and in blue light is 30%.
We used the DCR method to decrease the image intensity in red light for 30%, in
green light for 15% and in blue light for_30%. Finally the DCR method decreased the
crosstalk value form 20% te“15%.~The crosstalk value was decreased through the
DCR method, but the light intensity-was decreased too; this.is a trade—off between the

brightness and the crosstalk value:

5.5 Experimental pictures

We made a simple dual-view image as shown in'Fig.5- 15. The dual-view image
combined two different images with' left and right eye images. We projected this
image to the proposed display, and used a camera to record in left and right eye
position. In Left eye position the picture showed a left eye image position as shown in
Fig.5- 16 (a). In right eye position the picture showed a right eye image position in
Fig.5- 16 (b).

Obviously, the proposed display unable separate left and right images correctly
before improvement, there were some reflected light on the pattern polarizer; we can
not see the high quality separated image. We placed an adjustment polarizer in front

of the camera, at the picture shows in Fig.5- 17 (a) (b). After placing an adjustment
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polarizer in front of the camera, the left and right image were separated by this display
correctly. When observers stood in the correct position, their right eye and left eye

saw two different images without wearing glasses.

Fig.5- 15 The image combining/the left and righteye image.
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Fig.5- 16 Before placing an adjustment polarizer in front of the camera (a) Left eye
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image in left position. (b) Right eye image in right position
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Fig.5- 17 After placing an a he camera (a) Left eye
image in left position. (b)aR
The Fig.5- 15 is the DCR method; we
used a simple image ed the left eye image
1” and the right eye ima a picture at the left eye
position as shown in Fig. \l"result is shown in Fig.5- 19

(@). The number “1” and “2” 1s visib it eye position. After we placed an
adjustment polarizer in front of the camera as shown in Fig.5- 19 (b), the “2” is
reduced through the adjustment polarizer in left eye position, but the “2” is still visible.

We used the DCR method to reduce the crosstalk as shown in Fig.5- 19 (c); we can

see the “2” is almost invisible in left eye position.
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Fig.5- 18 The simple image combining the left “1” and right eye image “2”.
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Fig.5- 19 The comparison with the<crosstalk-intensity.in left viewing position (a) The
original experimental result (b), Improved result by adjustment polarizer (c) DCR

improved result

5.6 Summary

The crosstalk of the experimental results was 45%, because of the reflected
image issue on the pattern polarizer; the reflection destroyed the image light reflected
from the AgO screen.

Step one: To improve the reflection image issue through a pattern polarizer, we
placed an adjustment polarizer in a polarization direction which was perpendicular to

the projected light. The adjustment polarizer blocked the reflected image on pattern
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polarizer; the adjustment polarizer decreased crosstalk and increased the image quality.
The experimental results of the improvement method show crosstalk at 30%.

Step two: The crosstalk value was too large for observers to perceive the 3D
effect. We varied the pattern polarizer aperture size from 2mm to 1.2mm. And the
crosstalk decreased to 20%.

The crosstalk value of simulation results was less than 5%, but the greatest
experiment results were 20%. There were three major issues.

The pattern polarizer and quarter wave plate light leakage was different in
different wavelength causing different crosstalk values in different color light. The
smallest crosstalk value was_20%.of 480nm.~ThetAgO screen did not scatter all
projected light without changing the light-polarizationstate; ten percent of projection
light changed the polarization state-and «caused the' crosstalks The projector had an
alignment issues and contract ratio issue; these two Issues caused low image quality
and crosstalk.

Step three: We used'the,DCR.method to-reduce the'crosstalk from 20% to 15%,
but the DCR method decreased the-light intensity-toa. This is a trade-off between the
crosstalk and the brightness.

The comparison about the crosstalk value variety as shown in Fig.5- 20, the
original experimental result is 45%, the improved result by adjustment polarizer is
30%, and the optimized crosstalk value is 20%. Finally, the DCR method improved

result is 15%.
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Crosstalk comparison
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Chapter 6

Conclusions and Future Works

6.1 Conclusions

A projection type auto-stereoscopic 3D display is designed; this structure used a
patterned polarizer, a quarter wave plate, an AgO screen and a polarization projector
to achieve a 3D projection system without wearing glasses. The design formula of the
proposed display is similar to the parallax-barrier auto-stereoscopic display; we used

the parallax barrier design formula to design this structure model.

From the simulation by the-lighttools, the ‘crosstalk was 5% in direct viewing
position, and the crosstalk was 20% in wide viewing angle, we.changed the polarizer
aperture size to improve the crosstalk-and‘viewing window, the optimized aperture
size was 1.2mm, but there are some trade-off in the crosstalk and light efficiency. This
structure made the multi-view, System easily. We _have done the 4 view multi-view

simulation; the average crosstalk was less than 10%.

The experiment results showed the crosstalk was 45% in direct viewing, because
of the reflected light on pattern polarizer. We suggested some improvement methods
to improve the issues. In step one: we placed a 135° adjustment polarizer between the
observers and screen to decrease the crosstalk to 30% and increase the image quality.
In step two: we changed the pattern polarizer aperture size form 2mm to 1.2mm to
decrease the crosstalk to 20%. There were still some issues caused the crosstalk, such
as pattern polarizer and quarter wave plate light leakage issues, AgO screen light
leakage issue, projector alignment and contrast ratio issues. The image demo showed
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this proposed structure separated the left and right image in the fixed position. In step

three: we used the DCR method to reduce the crosstalk from 20% to 15%.

This system made the multi-view system easily by changing the pattern polarizer
aperture size. And the panel size is larger than the conventional auto-stereoscopic
displays. This structure can use in the large size movie theater screen, medical

examine, entertainments, and commercial application.

6.2 Future works

The projector alignment and.centrast ratiosis,not good enough, this conditions
made the measurement error in the experiment. We will use the precise DLP projector
to measure the actual crosstalk value. The pattern polarizer.in the experiment is too
easy to misalign; we_will find the better pattern polarizer to. reduce the reflection
issues and the alignment issues.

To reduce the reflected light ©on pattern polarizer, wer placed the adjustment
polarizer in front of the observers to improve the reflection issue through the pattern
polarizer. In order to project light to the screen totally, the adjustment polarizer did
not block the projected light path, so the adjustment polarizer was placed at the back
of the projector. In the proposed structure, the projection distance is 4m; 4m is too far
for observers to see the high quality 3D image.

We will use the super close projector to reduce the adjustment polarizer distance
as shown in Fig.6- 1. The super close projector will reduce the projection distance
from 4m to 1m. The adjustment polarizer and observer’s viewing distance will be

reduced. The observer will see the better 3D image by using the super close projector.
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Normal projector Super close projector
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Fig.6- 1 The comparison between the normal projector and super close projector
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