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Design of Zigzag Staggered Barrier for Autostereoscopic Display

YAO Jian-min, XIN Qi, GUO Tai-liang

(College of Physics and Information Engineering , Fuzhou University , Fuzhou 350002, China)

Abstract: Parallax barrier based autostereoscopic display is usually impaired by moire fringe and
crosstalk. By using slanted parallax barrier, the moire fringes could be obviously eliminated, but
often at the expense of serious image crosstalk. This paper presents a kind of zigzag staggered
barrier which can reduce the moire fringe with little impact on the stereo viewing zones. The slits
are divided into sections and the adjacent two jagged-edged sections are separated horizontally at a
certain distance. This method can reduce the proportion of the perceived black matrix seen
through the same slit, which increasing the brightness of the dark part of the moire fringe. In
this way widen and weakened moire fringes are acquired. The simulated results show that the
minimum perceived moire fringes’ brightness decreases by 108. 1% and the viewing zones

decreases by 32. 8% compared with the vertical parallax barrier. And it has higher practical value
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for autostereoscopic display.

Key words: Autostereoscopic display;Zigzag staggered barrier; Moire fringe; Crosstalk

CLCN: TN141 Document Code: A

0 Introduction

Three-dimensional (3D) displays using special
polarized glasses or shutter glasses are already
reaching perfection. However, an ideal is to view
stereo images without these special glassest™’. The
parallax barrier based method is probably the
oldest known glass-less autostereoscopic technique
parallax images are

and in such a system,

separated by the plurality of vertical stripe shaped

slitst4,

In conventional vertical parallax barrier,
slits are placed parallel to the pixel columns of the
LCD (liquid crystal display) panel®™. But moire
fringes occur between the slits and the black

which
gradually changing between black and white. The

matrix, appear to be vertical stripes
fringes cause serious vision disturbance. And by
using slanted parallax barrier, the moire fringes
could be obviously eliminated, but often at the
expense of serious image crosstalk'™. This paper
presents a kind of zigzag staggered barrier whose
slits are jagged-edged and staggered horizontally.
The method could lighten the moire fringes and has

little impact on the stereo viewing zone.
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1 Moire fringe
principle of the parallax barrier

and crosstalk

Fig. 1 illustrates the principle of autostereoscopic
display based on a LCD panel and a vertical
parallax barrier, where the parameters are given in
terms of u, the distance of the eyes (typically
6.5 cm), s, the best viewing distance ( typically

60~70 cm in our experiments), d, the distance
between the barrier and the LCD panel , ¢ , the
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Fig. 1 The principle of autostereoscopic display based on

a vertical parallax barrier and a LCD panel
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width of one display pixel, b, the period width of

the barriert™,

For two-view 3D displays, the
relationship between these parameters could be

expressed by

.2
b=2c utc
d=-3¢

u

Odd and even columns of the LCD panel are
through the
observed respectively by left(position C) and right

separated minute apertures and

(position A) eye. Hence two-view 3D display
system is established by vertical parallax barrier,
whose period is about twice of the pixel width"**’.
The panel used in our experiments was a 14, 5-inch
LG . Philips LCD panel with a pixel array of 1 024X
76 8 and pixel sizeof 279 pm X279 pm (i. e. , 93 umX
277 pm red, green, and blue sub pixels), and the
horizontal black matrix is about 20 pm wide.
Serious moire fringes and limited viewing
zones are two main problems for such a parallax
barrier based system. When the eyes deviate
horizontally from the proper viewing position(right
eye at position B and left eye at position D, for
example) , the viewer will catch sight of the black
matrix through the slits and the whole screen looks
dark. The

perceived especially when the viewer comes closer

moire fringes will be obviously
to the panel, which could be evaluated with their
brightness and width. The viewing zones are the
positions with low crosstalk, where both eyes
observe their own images. The effect of crosstalk
is mainly related to the width of the slits and large

crosstalk will greatly limit viewing zones'**,

2 The design and simulation of zigzag
staggered barrier

For reducing the effect of the moire fringes, a
kind of zigzag staggered barrier is proposed in this
paper. Fig. 2 (a) shows the conventional vertical
parallax barrier, the vertically staggered parallax
barrier and the proposed zigzag staggered barrier,
from left to right. The width of one slit is 25 pm
The slits of the

vertically staggered barrier are segmented at the

for vertical parallax barrier.

half of the pixel height. The separated distance of
two adjacent segments is 10 ym and thus the whole
width of one slit is 40 pm. The proposed zigzag
staggered barrier which is jagged-edged. The
width of the slit is 70 ym, which is 2. 8 and 1. 75
times of that of the other two.

RGB RGBRGB RGBRGBRGB RGBRGB RGB

(a) The structure of vertical barrier, vertically
staggered barrier, zigzag staggered barrier

HgLI

(b) The corresponding simulated moire fringes
of the three barrier

Fig. 2 The structure of vertical barrier, vertically staggered
barrier, zigzag staggered barrier and the corresponding
simulated moire fringes

The Moire fringes could be valued by the
properties of the slits. The design of the staggered
barrier is aiming at avoiding the alignment of the
vertical slits. In other words, not all of the black
matrix in the same column could be seen at the
same time in such a system. As a result, the moire
fringes are visibly weakened. To be specific, the
aperture area of the slits is the same for these
barriers and thus the number of the pixels which
constituting the moire fringes are surely equal. In
order to acquire weak moire fringes, the slits of
the barriers should be as wide as possible, while
the extra crosstalk will come out at the same time.
We propose the zigzag staggered barrier, whose
slits is wider than the other two and then the moire
fringes are the most weak. The crosstalk of the
proposed barrier is induced mainly by the jagged-
edged projection between adjacent pixels, which is
obviously slight than rectangular projection in the
vertically staggered slits.

In our experiments for simulating the moire
fringes, the displayed image is entirely white. The
sum of the visible pixel values is defined as
Fig. 2 (b)

simulated moire fringes of the three barriers

perceived brightness. shows the
viewing 30cm away from the panel. Obviously the
moire fringes of the zigzag staggered barrier are the
most wide and weak. The simulated brightness
curves are shown in Fig. 3. The peak of the curves
represents the bright part of the moire fringes
where the viewer perceives the luminescent area of
the display pixels. While the trough of the curve
denotes the dark part of the moire fringes and the

viewer perceives the black matrix area.
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Fig. 3 The moire fringe simulation brightness curve of Fig.4 The view zone simulation curve of vertical barrier,

vertical barrier, vertically staggered barrier and vertically staggered barrier and zigzag staggered
zigzag staggered barrier barrier

From the trough of the curve, it could be seen Stereo  displays is fabricated in our

that the minimum perceived brightness of the
vertical parallax barrier,vertical staggered parallax
barrier and zigzag staggered barrier are 1 330,
2 665 and 2 768, respectively. And the dark part
of the moire fringes are 43 pm, 59 ym and 75 pm
wide, respectively. We can come to a conclusion
that the moire fringes of the vertical parallax
barrier is the most dark and narrow, resulting in
badly visual effect. While the moire fringes of the
zigzag staggered barrier is the most weak and
wide, the minimum perceived brightness of which
decreases by 108. 1% and 3. 9% . and the width
raises by 74. 4% and 27. 1% compared with the
vertical parallax barrier and the vertical staggered
parallax barrier. Obviously the proposed barrier
has the best visual effect.

When simulating the viewing zones, we set
odd and even columns of LLCD pixels to be black
The black and white

regions are examined for determining the viewing

and white respectively.

zones. Stereo degree is defined as min(LL, LR)/
LR), and LR are the
perceived brightness by left and right eye. Under a

max ( LL, where LL

certain stereo degree, large viewing zones are
acquired if the area of black and white sharply
Fig. 4 shows the

simulated viewing zones of the three barriers

contrasted, and vice versa.
viewing 30cm away from the panel. Curve fitting
method is applied in stereo degree computing. And
the viewing zones of the vertical parallax barrier,
vertical staggered parallax barrier and zigzag
staggered barrier are 58 pum, 47 um and 39 pm
when the stereo degree is 11.5. We could draw the
conclusion that the viewing zones of the proposed
method decreases by 32. 8% compared to the

vertical parallax barrier.

experiments. It is composed of a 14. 5-inch LCD
panel and the corresponding parallax barriers. The
barriers are attached to the surface of the panel and
two-view stereo displays are realized. The results
are measured by Canon digital camera about 30 cm
away from the panel.

Fig. 5 shows the measured moire fringes when
the displayed image is entirely white. In order to
quantifying the three figures, automatic threshold
segmentation is applied and the moire fringes are
extracted. The width of the three moire fringes are
about 6,23 and 16 pixels, and the peak value of
them are 161,110 and 124. It could be seen that
the moire fringes of the zigzag staggered barrier are
more wide and weak than the vertically aligned

barrier, but still more significant than then slanted
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(a) The photo of moire (b) The photo of moire (c) The photo of moire

barrier.

fringe for vertically ~ fringe for slanted fringe for vertically
aligned barrier barrier staggred barrier

(d) The segmented (e) The segmented (f) The segmented )
result of Fig.5(a) result of Fig.5(b) result of Fig.5(c)

Fig. 5 The moire fringe images of vertically aligned barrier,
slanted barrier and vertically staggered barrier
Fig. 6 shows the measured viewing zones when
odd and even columns of LCD pixels are set to

black The

demonstrate that the vertical parallax barrier leads

and white respectively. results

to large viewing zones owing to narrow transitional

region . While the viewing zones of the zigzag



10 1 YAOQO Jian-min, et al: Design of Zigzag Staggered Barrier for Autostereoscopic Display 1179

5 5 3 Conclusion

10 10 . . . .
s 5 In conclusion , the moire fringes in
20 20 conventional vertical parallax barrier based
25 25 autostereoscopic display are remarkable. Zigzag

staggered barrier method is proposed in this paper,

30
50 150 250 350 450 550 50 150 250 350 450 550 . . . .
which leading to compromising moire fringes and

(a) The photo of measured viewing (b) The photo of measured viewing viewing zones. The design of jagged-edged slits
for vertically aligned barri for slanted barri . . .
e further decreases the brightness of the moire fringe

5 and also widens them. This method is proved to be

10 effective by the simulated and measured results.
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