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ABSTRACT

A visually equivalent light field 3D (VELF3D) display is
a parallax-barrier-type autostereoscopic 3D display. Since
stripes of the barrier and pixels are in parallel, moiré
occurred, when the barrier is placed on the screen. In this
paper, we suppressed moiré by only providing
unevenness in the aperture shape of the barrier.

1 Introduction

In multi-view displays or light-field displays, different
images can be seen depending on the viewing direction.
Improving the directional density will not only allow smooth
motion parralax for large motion of head position, but also
to respond to minute changes in the pupil position.
Furthermore, accommodation can also be satisfied if the
directional density is improved so that different rays enter
the pupil at the same time. However, conventional displays
have a trade-off in that increasing the directivity number
reduces the resolution.

Therefore, by presenting an image at an intermediate
viewpoint position that is optically mixed (linear blending)
of images from adjacent viewpoints in a multi-view display,
it is possible to show a linearly interpolated image that
matches the viewpoint position, resulting in a smooth and
accurate motion parallax could be presented.

Viewpoint

_LCD panel Both pixels Rays optically )
partially interpolated by | Plane Blending
illuminated linear blending

=
@

g =

2l Sl é

Q °

o 2

- Z
E
Image for viewpointD kB -------

Barrier ~— Image for viewpoint C

"~ Image for viewpoint B

Fig.1 Visually equivalent light field 3D display.

At first, we performed projection type display using a
special shape aperture [1], but the image distortion was
too large. Therefore, as shown in Fig. 1, we proposed to
match the pixel pitch and the width of the barrier aperture
in a parallax barrier-type autostereoscopic 3D display. The
range of pixels illuminated by the backlight is proportional
to the amount of movement of the pupil position. As can
be seen from the graph in the figure, the luminance of the
each viewpoint image changes linearly with the
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observation position, so linear blending is performed at
intermediate viewpoints [2]. In other words, rays of light
field are interpolated. So, we call it a visually equivalent
light field 3D (VELF3D) display because it is perceived
as equivalent to real light rays for human vision even at
intermediate viewpoints.

Since the barrier was placed between the liquid
crystal panel and the backlight in the originally
manufactured display, the barrier stripe was observed
through the liquid crystal display (LCD) panel. Since the
light is diffused by the comb electrode in the panel, the
image of the barrier is effectively blurred, so moiré was
not produced. However, in the case of modifying a
commercially available tablet [3], it was difficult to modify
the tablet body and add a parallax barrier inside.
Therefore, we decided to put a barrier on the surface of
the touch panel of the tablet, but it caused moiré.

When installing a barrier on the top surface of the
touch panel, the barrier must be a thin film so as not to
interfere with the operation of the touch panel. Therefore,
it is not realistic to add other components to prevent
moiré. In this paper, we report that moiré can be
suppressed by simply changing the aperture shape of
the barrier printed on the film.

2 Moiré Reduction

In a visually equivalent light field display, the moiré
fringes generated by the interference of the baseband,
constitute the viewpoints of the multi-view display, and
interpolate viewpoints by linear blending [4]. Therefore,
it is considered that the moiré in this study is caused by
the interference of high-frequency components.
Therefore, we decided to suppress the high spatial
frequency components of the barrier aperture. The
transmittance of the parallax barrier for horizontal
coordinate x is given by

Comb,, (x) * Recty, q, (x),
where * is the convolution, p, and a; are the barrier pitch

and its aperture ratio respectively. The rectangular
function Rect and the comb function Comb are

a
Rect,(x) = {1 lx| < 2,
0 others
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Comb,(x) = Z 8(x — ai),

i=—oc0

where & is the Dirac delta function. Considering this
transmittance in spatial frequency space is

1 sinfp,a

ECombl/pr) —7{;}1’ b

It is a comb function with envelope of a sinc function
(sinc @ = sin @ /). Since the sinc function has a long tail,
there are high frequency components. Therefore, we
applied Gaussian low-pass filter that rapidly decays both
in real space and frequency space. The Gaussian function
in real space is

Gaussy(x) = =5
auss,(x) = e 2az,
V2m

The transmittance of proposed barrier is expressed as
Comby, (x) * Recty, 4, (x) * GaUssgp, , (X).

O is a barrier design parameter. This function is in
frequency space

1 sintfppay, oppa, _(OPpan)*f?
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Therefore, it can be seen that the high-frequency

component decays rapidly due to the exponential term.
Transmittance of a single slit of the barrier can be

expressed as following, a difference of two error functions,

Recty, o, () * Gauss,p, 4, (x)
1 X+ ppay/2 X — Ppp/2
=—Jerf{ ——— | —erf| ——— | .
2 V2op,a, V2op,ay,

3 Experiment and Results

Itis very difficult to manufacture a barrier with gray scale
transmittance at the periphery of the aperture width of
several tens of micrometers. Therefore, we considered
realizing it with binary transmittance. As with the area
gradation, the transmittance averaged in the direction
parallel to the barrier is set to the desired value. In addition,
we decided to make the periphery of the aperture uneven
because the requirement for resolution in printing would
be severe if halftone dots were used. As shown in Fig. 2,
by setting the aperture between the error functions that are
slightly shifted to the left and right, the average
transmittance becomes the difference between the error
functions.
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Fig.2 Barrier aperture shape (6=0.375). The blue line
indicates the conventional straight aperture.

Fig. 3 Change of moiré with parameter .

As the parameter o increases, the unevenness of the
barrier increases, and the suppression of high-frequency
components also increases. However, in principle, the
condition for linear blending is 0=0, so it is necessary to
construct a display with the minimum o that can
suppress moiré. Therefore, we fabricated barriers with
different values of o and evaluated the occurrence of
moiré. White full screen image is displayed on the screen
of iPad Pro 11 inch. The barrier film is placed on the
touch panel, and set the angle at which the moiré is the
roughest. Therefore, the RGB stripe of the screen and
the barrier stripe should be parallel.

The results are shown in Figure 3. About five thick
moiré lines in the photograph are the moiré lines that we
want to suppress. The fine moiré is the moiré with the
pixels of the camera used for shooting. As can be seen
from the photograph, it can be suppressed when o is
smaller than 0.375. Also, moiré suppression is not



continuous, but seems to change with a threshold.

By attaching a film with o = 0.375 to the surface of an
11-inch tablet iPad Pro, we fabricated a display device
without moiré as shown in Fig. 4 [4]. In order to display
seven viewpoints, the barrier period p, = 223.58 pym is
slightly smaller than 7 times the sub-pixel width of 32 um,
so that the rays are focused at a viewing distance of about
45 cm. The aperture width is 1/7 of the barrier period. As
can be seen from the photographs, no moiré occurred and
good 3D images could be observed.

Fig. 4 Prototype of tablet-type VELF3D display using our
proposed barrier.

4 Discussions

Moiré was suppressed by the pattern of the proposed
barrier. However, it is unclear what the condition of
0=0.375 means. Therefore, we considered common
spatial frequency component of the barrier aperture and
the panel pixel causes moiré, and focused on the lowest
common frequency.
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Fig. 5 The amplitude of gaussian at the moiré frequency
depending on o .

The amplitude of Gaussian at the lowest spatial
frequencies is shown in Fig. 5. It should be in proportion to
amplitude of moiré. As o increases, it approaches to zero,
indicating that moiré is suppressed. The amplitude is
about 1/3 of 0=0 when 0=0.25 and about 1/16 when
0=0.375. As you can see from Fig. 2, moiré is significantly
different and amplitude of Gaussian cannot explain the
phenomena enough.
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Fig. 6 Variation of envelope function of spatial frequency
characteristics with o . A is the barrier period, and
WV is the spatial frequency corresponding to the pixel
period. pb is the barrier pitch. (a)RGB vertical stripe
panel 7 viewpoint configuration, (b) RGB horizontal
stripe panel 7 viewpoint configuration.

Fig. 6(a) shows plots of the envelope of the frequency
characteristics by changing the barrier parameter o. The
horizontal axis is the spatial frequency normalized by the
period of the barrier aperture, and the vertical axis is the
amplitude normalized by the value at spatial frequency O.
These are the calculation results for a multi-view display
configuration with 7 viewpoints on an RGB vertical stripe
panel. Since peaks of frequency matches at the position
of spatial frequency 7, it is assumed that moiré occurs at
this frequency.

The curve in the graph is the multiplication of the sinc
function and Gaussian, corresponding to the envelope of
comb shaped spectrum. All curves intersect the
horizontal axis at a spatial frequency of 7, and the
amplitude at the frequency becomes zero. When 0<0.25,
the envelope is not 0 in the region where the spatial
frequency is greater than 7, and the spatial frequency
above 7 is not sufficiently suppressed. However, when o
> 0.375, the value of the envelope becomes almost zero
from a spatial frequency slightly smaller than 7. That is,
it was found that it was necessary to suppress the

periphery of the frequency in order to eliminate the moiré.

As shown in Fig. 6(b), frequency peaks of barrier is
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different for 7 viewpoint display with horizontal RGB stripe
screen. Since this condition does not depend on the
number of viewpoints of the display, it is considered to be
a universal condition for moiré suppression.

5 Conclusions

Usually, moiré caused by interference between parallax
barriers or lenticular lenses and display pixels was
eliminated by oblique placement. In this paper, we
proposed a new method to solve this problem by changing
the shape of the barrier aperture, and demonstrated that it
was sufficiently effective in suppressing moiré.

With this method, it is possible to construct a VELF3D
display that uses the parallax barrier and pixel stripes in a
parallel arrangement, even though the barrier can be
placed on the screen. And we developed portable VELF3D
display without breaking the tablet computer.
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