Journal of the Optical Society of Korea, Vol. 4, No. 1, March 2000, pp. 62-65

Multi-viewing zone screen for multiview 3-D displays
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A new type of multi-viewing zone screen for multiview 3-D display is described. The screen
is made by stacking a Fresnel lens and a reflective prism array plate. The screen performs both
focusing and beam dividing functions and directs very narrow light beams to three viewing zones
for three spectators. The results of experimental testing of the screen have demonstrated that
current technology of Fresnel lens and prism grooves o1 PMMA (Ploymethyl Methacrylate) allows
manufacture of a screen having a pixel size of about 1-2 mm. This size is reasonable enough for a
screen with dimensions about 1m size. Optical qualities: of Fresnel lenses and grooved prism arrays
achieve an angular resolution for the screen of several angular minutes.

I. INTRODUCTION

Screens for non-glasses type multiview 3-D display
based on the time sequential image projection have to
form a sharp image of a striped LC shutter, which is
located of the exit pupil of the imaging objective of
the display system. [1,2] The image area is a view-
ing zone of the display system. A serious problem of
these displays is creating many viewing zones for many
viewers. Many viewing zones have been realized with
a lens raster screen (2] and with a holographic screen,
which combine parameters of several overlaid optical
elements like focused lenses or spherical mirrors. [3,4]
However these screens have many drawbacks. The first
type of screen can really be applied only to stereo sys-
tems because of low resolution of its narrow cylindrical
lenses. A holographic screen has a good resolution but
there are many problems of manufacturing and usage
for full color projection, which is defined by high spec-
tral and angular selectivity of the screens. [5]

Another way of creating several viewing zones is us-
ing several projectors in parallel corresponding to the
number of viewers. [6] However the method is also dif-
ficult to implement because the system becomes too
complicated and expensive.

A new type of multi-viewing zone screen is described
in the paper. [7] The screen consists of a focusing op-
tical element (Fresnel lens) and a reflective (or trans-
mission type) beam dividing prism plate. The screen
allows the creation of many viewing zones according to
the number of prism arrays.

The results of testing the first experimental sample

of the screen are described below. Both elements of
the screen were made from PMMA by diamond cut-
ting. The reflective beam dividing prism plate has 3
systems of grooves and reflects the illumination beam
to three viewing zones. The screen was developed for
a newl6-view TV display with sequential image pro-
jection and its optical parameters correspond to con-
ditions of image projection and viewing in the display
system.

II. DESCRIPTION OF DISPLAY

The principal optical scheme of the 16-view 3-D dis-
play system is shown in Fig. 1. The different view
images displayed sequentially on the CRT screen are
projected by the relay objective to the screen plane.
A siriped LC shutter is in the exit pupil plane of the
objective and opens a corresponding striped window
for definite image view on CRT screen. The ultimate
reflective screen can be a focused mirror, for example.
The screen has to make an image of the LC shutter,
which is a viewing zone for a spectator. Its eyes can
see different view images through the different parts of
the viewing zone and perceives it as a 3-D image. It
is obvious that the screen described can form only a
single viewing zone.

The principal scheme of display with the screen hav-
ing three viewing zones is depicted in Fig. 2 (top view).
The optical projection part of the display is the same as
before in Fig. 1 and is not shown. The screen consists
of a Fresnel lens and a prism array beam splitting plate
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FIG. 1. The Basic Optical Configuration for 3-D Image
Display.
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FIG. 2. Principal Optical Scheme of Display(top view).

with reflective coating on the prism surfaces. The pro-
Jecting distance is 3m, both Fresnel lens and the prism
plate make images of the LC shutter with 1.45 times
magnification. Diameters of LC shutter and viewing
zones are 140 and 203 mm respectively. Because the
prism plate has three systems of grooves three viewers
can watch the volume TV image with the screen.

Although the reflective type multi-viewing zone
screen is considered, it is obvious that a screen can
perform as a transmission type if there is not a reflec-
tive coating on the prism plate. Many screens with dif-
ferent numbers and directions of grooves can be made
as well by using the same principle. [7] The structure
of the screen’s components is shown in detail in Fig.
3. Parts A and B depict the sections of the Fresnel
lens and the prism plate, respectively. The grooves
width for the Fresnel lens is 300um an angle a;, of the
grooves, wall slope is equal to the average virtual ra-
dius R=1756.2mm of the Fresnel lens surface. N=1,
2,.. are the numbers of the ring grooves of the Fresnel
lens. We have to mention that the real profile of the
lens has aspherical shape to minimize spherical aber-
ration for definite condition of the lens usage.

The pitch of prism grooves is 600um; the slope an-
gles of the prism grooves are 0° and +2°53'. Those
angles define 440mm distance between central and side
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FIG. 3. Fresnel Lens(A) and Prism Plate Structures(B).

viewing zones.

The optical requirements of the screen were derived
from the next considerations. Because the width of
the each LC shutter’s sub-zone is about 8mm, we can
assume that the spatial and angular resolution of the
screen has to be not worse than 1mm in the LC shutter
plaze, corresponding to 1.15 angular minute. Optical

- calculation shows that a Fresnel lens with needed reso-

lution can be achieved. Concerning the optical quality
of the prisnr arrays the flatness of the walls of grooves,
which can be realized with current cutting equipment,
is about 10 fringes within 100mm-aperture. [8] It corre-
sponds to 1.1mm transversal aberration in the viewing
plane. The tolerance + 1 angular minute to the par-
allelism of the walls of the grooves can be kept during
the manufacturing as well. [8] Summarizing the above,
we droposed making the screen with spatial resolution
about 2mm in the plane of the LC shutter image. It
is corresponding to the screen’s angular resolution of
about 3 angular minutes.

Another specific problem of the periodical screen
comr.ponents relates to possible appearance of a moire
pattern. [9] The problem exists because the optical
beam after passing through the Fresnel lens has period-
ical spatial modulation from the Fresnel lens structure
(bottoms of the lens grooves scatter the light and make
narrow dark circular fringes in the screen plane). Then
the beam has got two more spatial modulations when
it is reflected by prism the plate and when it is going
again through the Fresnel lens. Since the structures of
the Fresnel lens and prism plate grooves are not similar,
they do not make visible moire fringes. However the se-
quential modulation of the beam with the Fresnel lens
structure can be visible as a fringe pattern overlying
the image. Greater differences in the structures of the
moclulation will reduce the period and width of those
parasitic fringes. The solution of the moire problem is
to increase the distance between Fresnel lens and prism
plate because in this case overlaid structures become
more different.

Another drawback of the optical elements caused by
cutting technology is a higher level of scattering, which
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reduces the contrast of images. That parameter of the
screen has been specified in the experimental part of
the work.

III. EXPERIMENTAL RESULTS OF THE
SCREEN TESTING

An experimental sample of the screen with a cut
ring shape (diameter 140mm x 100mm) was manufac-
tured and tested. Focal distance of the lens is 2.6m,
necessary for our multiview 3-D display. That kind of
Fresnel lens is unusual, because the lens has a big fo-
cal distance and too small a tilt of groove walls to the
surface of the lens substrate. The angular difference
of angle o, for the two next grooves was about 30 an-
gular seconds; the experimentally reached tolerance of
the angle was estimated as not worse than 5 angular
seconds. The lens was made of PMMA with 300um
step of grooves.

The beam dividing prism plate was made in PMMA
as well; its parameters were mentioned earlier. The
relief prism surface has been aluminized to have reflec-
tivity.

Both components of the screen were stacked with a
small angle between them in vertical section. It allows
removing the surface reflected beam from the central
viewing zone. This problem can be easily solved in the
future if antireflective coatings or a Fresnel lens on the
substrate with a small verge is employed. The simplest
way is making the Fresnel lens and the prism relief on
opposite sides of a substrate or optically cementing the
air gap between them.

The testing of the screen was done in an optical sys-
tem similar to the 3-D display optical scheme of Fig. 2.
The screen has 5 degrees angle tilt in sagittal (vertical)
plane in respect to the optical axis of the projector. It
is needed for vertically separating the level of viewing
zones from the projector level. The white light source
was used first instead of CRT. The screen was illumi-
nated through relay objective with exit pupil diameter
140mm. Then three images of the pupil appear (see
Fig. 4). Their diameters were 21 cm and distance to
each other was 44cm, as expected. There were some
differences in the brightness of images as shown in Fig.
4. These differences are related to a small difference
in the width of the groove (left zone) and partially by
the error in tilting angle of some grooves walls for the
right viewing zone. Those problems can be eliminated
in the future.

The resolving performance of the screen was esti-
mated with an optical target, which simulated the LC
shutter. The target was a ring shape mask with diame-
ter 140mm. The 16 alternated transparent and opaque
vertical stripes have 8mm widths of the stripes. The
target was installed into the exit pupil plane of the
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FIG. 4. Viewing zones of the screen.

FIG. 5. Definition of a contrast C of image.

relay objective.

The resolution of the screen and a contrast of im-
ages of the optical target’s stripes were measured. The
resolution was estimated visually. The image of the
target in the viewing zone can be viewed on a white pa-
per screen installed in the plane, which was distanced
4.3m from the screen (see Fig. 5). The images of black
and white stripes can be resolved reliably. This con-
firms sufficient resolution of the screen, although it de-
fined by the total performances of the screen compo-
nents and some aberrations of the Fresnel lens for tilted
beams.

As it is known Fresnel lenses have a higher level of
scattering compare to glass optics. The noise of the
screen was estimated by a contrast C in images of the
target’s stripes. The photo receiver with a 2mm width
of sensitive area was used for measuring the light in-
tensity in the centers of white (I;mqz) and black (Imin)
stripes in the image plane (see Fig. 5). The usual for-
mula was used for the contract C definition:

C = Imaz - Imin/Imaz- (1)

The experimentally defined C value is 65.5%, that
is quite a reasonable value for most optical devices.

The Figs. 6 and 7 illustrate the quality of images on
the screen. The photo in Fig. 6 was made of the center
of a side-viewing zone of the screen.
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FIG. 6. Image on the screen with beam dividing prism
plate.

FIG. 7. Image on a white diffused screen.

We can see a full color image without serious visible
distortion. The photo in Fig. 7 shows the same image
when the multi-viewing zone screen was covered with
a usual white diffused screen. The screen and image
sizes are significantly larger in this case, but there are
no visible differences in a quality of images in Figs. 6
and 7.

There is no visible color distortion, moire pattern or
any diffraction effect related to the cutting structure
of the screen’s components.

The screen reveals good volume images when used
for multiview 3-D projection.

IV. CONCLUSION

A new type of multi-viewing zone screen for multi-

view 3-D image display was manufactured firstly and
experimentally tested. The screen consists of a Fres-
nel lens and a reflective beam dividing prism plate
with -hree systems of prism grooves. Both compo-
nents of the screen were made in PMMA by a cut-
ting raethod. The screen has a high light efficiency,
good =nough resolution and reveals a good color per-
formance, three viewers can see volume images simulta-
neous.y. The screens can be applied in many entertain-
ment applications, large size 3-D simulating displays,
different kind of visual indicators etc. Both reflective
and transmission type screen can be made without any
significant differences. Our experiment confirms that
currentt technology for making Fresnel lens and prism
grooves in PMMA allows manufacture of screens with
size about 1m. We propose to make large size screens
by mcsaically combining smaller screens.
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