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Abstract

Multiview autostereoscopic three-dimensional (MA3D) displays have the disadvantage that the single-view resolution decreases

as the number of views increases. Furthermore, the resolution of MA3D displays is relatively degraded, even though the

resolution of two-dimensional displays has increased recently. Therefore, it is unattractive to consumers, and the single-view

resolution enhancement of MA3D displays is required. In this study, we developed a method for supplementing the single-view

resolution of MA3D displays using a plate beam splitter that can show two MA3D displays simultaneously. By applying our

proposed method, the resolution of a single view can increase, and the visual obstruction by the optical plate, which is a problem

for MA3D displays, can be solved. In addition, an MA3D display was optically designed and fabricated using a parallax barrier.

Finally, the experimental optical results obtained using the proposed method and the only MA3D display were compared.

Index Terms: Autostereoscopy, Lenticular lens sheet, Multiview display, Parallax barrier, Plate beam splitter.

I. INTRODUCTION

Three-dimensional (3D) displays have recently become

interesting research topics. Multiview autostereoscopic 3D

(MA3D) displays have been a representative technology

used for 3D displays. The principle of the MA3D display

involves using special optical plates, such as parallax barri-

ers (PBs) and lenticular lens sheets (LSs), to control the

direction of light and show different perspective images to

the human eye. The most significant advantage of the MA3D

display is that it can show motion parallax and binocular

parallax in 3D scenes without the need for wearing special

glasses or headsets [1-11]. Hence, MA3D displays have been

widely used in the advertising, gaming, and movie indus-

tries. However, MA3D displays still experience many techni-

cal challenges, such as limited viewing angle and distance

and low single-view resolutions. The low-resolution problem

is particularly identified as the most critical factor for the

commercialization of MA3D displays compared to stereo-

scopic 3D displays. The single-view resolution of MA3D

displays decreases inversely with the number of views

because of the limited resolution of the general two-dimen-

sional (2D) display panel. Recently, as ultrahigh-definition

(UHD) 2D displays have become widespread and higher res-

olution displays have been commercialized, the resolution of

MA3D displays is also increasing. In addition, many MA3D

displays have slanted optical plates to compensate for the

reduction in the horizontal resolution of a single view [11].

   
108

Received 01 February 2021, Revised 01 February 2021, Accepted 08 June 2021
*Corresponding Author Min-chul Lee (E-mail: lee@cse.kyutech.ac.jp, Tel: +81-948-29-7699)
Department of Computer Science and Electronics, Kyushu Institute of Technology, Fukuoka 820-8502, Japan.
Hyun-Woo Kim and Myungjin Cho equally contributed to this work.

https://doi.org/10.6109/jicce.2021.19.2.108 print ISSN: 2234-8255 online ISSN: 2234-8883

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Copyright ⓒ The Korea Institute of Information and Communication Engineering 

 

 

https://orcid.org/0000-0003-1381-6116
https://orcid.org/0000-0003-2896-770X
https://orcid.org/0000-0001-8469-0288


Method for Supplementing Single-View Resolution of Multiview Autostereoscopic Three-Dimensional Display Using Plate Beam Splitter
When slanted optical plates are used, the ratio of the hori-

zontal and vertical resolutions of the single view can be

maintained.

Research on increasing the single-view resolution of

MA3D displays is necessary for developing MA3D displays.

In this study, we developed a MA3D display system using a

plate beam splitter (PBS) to show two identical MA3D dis-

plays simultaneously on a screen to the observer. The aim is

to increase the single-view resolution of the display. The sin-

gle-view resolution was reduced using the optical plates, and

it is complemented by another MA3D reflected by the PBS

using the proposed method. In this study, we used a slanted

PB, which is inexpensive and easy to design as an optical

plate of MA3D for the experiment. 

The other sections of this paper are organized as follows.

In Section 2, we derive the slanted PB design formula and

express the relationship between the view number of the

MA3D display and the reduction in single-view resolution.

The experimental setup and conditions are described in Sec-

tion 3. Next, we present the experimental results of our pro-

posed method in Section 4. In Section 5, we summarize the

effectiveness of the proposed method based on the experi-

mental results.

II. THEORY

A. Optical Design of Parallax Barrier

As mentioned earlier, we used a slanted PB as the optical

plate of the MA3D display in our study. In this section, we

describe the design of the PB.

Fig. 1 depicts the principle of the MA3D display based on

the PB and the parameters required for the PB design. In

Fig. 1, Wp is the horizontal pixel size, Wa is the width of the

PB aperture, and Wb is the width of the barrier. In addition,

is the optimum viewing distance (OVD), E is the viewing

interval, and D is a gap between the display panel and the

PB. L, E, and Wp are fixed by the designer of the system. Wa,

Wb, and D can be calculated as follows [5]:

, (1)

, (2)

, (3)

where C is the number of views. When the slanted PB is

designed, Wp is the horizontal subpixel size [5]. Pixels in the

red-green-blue stripe-type panel consist of three subpixels:

red, green, and blue. A slanted optical plate is used to

increase the horizontal resolution and decrease the vertical

resolution according to the angle of the PB. When tan-11/3

angle-slanted PB is applied, the horizontal resolution increases,

and the vertical resolution decreases three times [11]. There-

fore, the horizontal and vertical resolutions can be separated

by maintaining the aspect ratio, depending on the optical

design [11]. In this study, we designed a slanted PB for dis-

plays, as listed in Table 1.

We designed 36 views and the tan-11/3 slanted angle of the

MA3D display. The viewing interval was 16.25 mm, and the

OVD was 1200 mm; the average distance between a pair of

human eyes is 65 mm, and the 16.25 mm spacing produces

four images between human eyes [11]. Thus, we observed

smoother 3D images with horizontal parallax. The Wa, Wb,

and D values calculated using Eqs. (1)–(3) were 0.0537,

1.8803, and 3.967 mm, respectively. A 4 mm thick glass

made of Pyrex was used in this study to maintain the gap

between the panel and the PB. 

B. Reduction of Single-View Resolution

When a 3D image is observed through a MA3D display

using an optical plate, the single-view resolution decreases

inversely with the number of views, as mentioned in Section

1. This trend occurs because when the PB is used, pixels

other than the corresponding view are covered, and when the

LS is used, light from the pixel is refracted by a cylindrical

lens and rearranged for each view. The reduction in the verti-

cal optical plate can be expressed as follows:

Wa

E Wp×

E Wp+
----------------=

Wb Wa C 1–( )=

D
Wp L×

E Wp+
----------------=

Table 1. Specifications of display panel

Diagonal size 28 inches

Manufacturer Innolux

Resolution 3840 (H) × 2160 (V) (UHD)

Outline 648.9 (H) × 369.3 (V) (mm2)

Active area 620.93 (H) × 341.28 (V) (mm2)

Pixel size 0.1617 (H) × 0.158 (V) (mm2)

Subpixel size 0.0539 (H) × 0.158 (V) (mm2)Fig. 1.  Principle of MA3D display based on PB.
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, , (4)

where HOG and VOG are the horizontal and vertical resolu-

tions of the original 2D display, respectively, and HSV and

VSV are the horizontal and vertical resolutions of the single

view in the MA3D display, respectively. In this case, the ver-

tical resolution does not change, and the number of views

decreases only the horizontal resolution. Thus, as the number

of views increases, the horizontal resolution becomes very

low compared to the vertical resolution. However, with the

tan-11/3 angle-slanted optical plate, the expression changes

as follows [11]:

, (5)

, , (6)

where AG is the slanted angle of the optical plate. If the AG

is changed, the method of calculating the resolution of a

single view is modified. Thus, the single-view resolution

depends on the slanted angle of the optical plate and the

number of views. In this study, we used a 3840 (HOG) ×

2160 (VOG) resolution (UHD) display and 36 view slanted

PB to design the MA3D display. Therefore, the single-view

resolution was 320(HOG) × 720 (VOG).

III. EXPERIMENTAL SETUP

A. PBS

Fig. 2 shows a schematic of the experimental setup. In Fig.

2, ① and ② are 36 view MA3D displays, and ③ is the PBS

used for showing ① and ② to the observer concurrently on

the same screen. The PBS used in this study had a ratio of

transmittance and reflectance of 50:50 at 45o inclination and

horizontal × vertical size of 1300 mm × 1000 mm. We pro-

duced a mount to maintain the PBS at 45° (Fig. 3). Conse-

quently, the 3D image could be observed on a 1300 mm ×

700 mm screen.

B. Opposite Slanted Angle PB

If the slanted angles of the PB for the MA3D display

transmitted through the PBS and the other MA3D display

reflected by the PBS are the same, the moiré phenomenon

may be observed because PBs of opposite angles cross each

other [12, 13]. In addition, the MA3D display reflected by

the PBS appears to be flipped to the left and right of the

observer. Thus, we need the opposite slanted angle PB and

flipped elemental images for the MA3D display reflected by

the PBS.

C. Rendering Elemental Images for 3D Image

In the virtual space of computer graphics software such as

MA3Ds Max, the distances between virtual cameras and

objects are the equal to the OVD. Cameras were parallel to

each other in the observer area, and the gaps between the

cameras were the same as the designed viewing intervals.

Numbers 1–11 cardboards were used as objects, Number 1

cardboard was located -200 mm from the OVD, and Number

11 cardboard was located +200 mm from the OVD. Numbers

2–10 cardboards were placed between cardboards 1 and 11 at

40 mm spacings. Thus, Number 6 cardboard was placed in

the OVD. In addition, the background plane was located at

+220 mm from the OVD. Fig. 4 shows the rendering circum-

stances in the virtual space of 3ds Max. The size of the card-

boards was adjusted to maintain the same viewing size in the

OVD [11]. As mentioned earlier, the flipped left and right

elemental images to the MA3D display should be reflected

by the PBS. Therefore, we merged a 3D image using 36 ren-

HSV

HOG

C
-----------= VSV VOG=

AG tan 1– 1 3⁄=

HSV

HOG 3×

C
-------------------= VSV VOG 3⁄=

Fig. 4. Rendering circumstance in 3dsMax.Fig. 2. (a) Schematic of experimental setup and (b) side view of (a).

Fig. 3. (a) Schematic of PBS mount and (b) manufactured PBS mount.
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dered elemental images and merged another 3D image using

the flipped left and right elemental images, where the order

of the view number was reversed.

IV. EXPERIMENTAL RESULTS

Fig. 5 shows 3D images of the OVD using only one

MA3D display and the proposed method. The focus areas of

these 3D images were the same, but the exposure time was

different when comparing only the resolution supplementing.

There appeared to be no significant difference (Fig. 5).

However, we observed the advantages of the proposed

method. The side part of Number 6 cardboard had a zig-zag

pattern (Fig. 6(a)) because Number 6 cardboard had no depth,

and the part of the pixels covered by PB could not be seen.

This pattern did not appear (Fig. 6(b)), indicating that the zig-

zag pattern effect was reduced by showing the pixels by the

MA3D display reflected on the PBS at the exact location. 

Fig. 7 shows a comparison between only one MA3D dis-

Fig. 6. Magnified parts of 3D images of (a) Fig. 5(a) and (b) Fig. 5(b).

Fig. 5. 3D images with (a) only one AS3D display and (b) proposed method.

Fig. 7. 3D images with (a) only one MA3D display and (b) proposed method

using another 3D image. (c) and (e) are magnified parts of 3D image of (a),

and (d) and (f) are magnified parts of 3D image of (b). 
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play and the 3D object display captured using our proposed

method. A moiré pattern appeared in the entire image (Fig.

7(a)); in contrast, the moiré pattern observed using the pro-

posed method was reduced (Fig. 7(b)). Furthermore, a slanted

PB pattern was observed (Fig. 7(c) and (e)). However, the

slanted PB pattern could be reduced using our proposed

method because the 3D image reflected by the PBS was

simultaneously displayed on the same screen (Fig. 7(d) and

(f)). Therefore, we verified that the proposed method could

supplement the resolution of the MA3D displays.

V. CONCLUSIONS

In this study, we developed a method for supplementing

single-view resolution in a MA3D display using a PBS. We

designed MA3D displays, PBS, and 3D images and com-

pared them with only one MA3D display. The observer can

see an improved single-view resolution when the MA3D dis-

play reflected from the PBS is displayed on the same screen

as the MA3D display transmitted through the PBS. As the

resolution increases, there is a disadvantage of crosstalk

caused by the misalignment of the two MA3D displays. This

problem can be solved using software through view-merging

[9] or eye-tracking [9, 10]. The proposed method can also

hide the dead zone caused by the reverse of the view number

at the beginning or end of a view to the observer, depending

on the design of the viewing interval, number of views, and

PBS mount size. 
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