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An Autostereoscopic 3D Projection Display Based on
a Lenticular Sheet and a Parallax Barrier

Lin Qi, Qiong-Hua Wang, Jiang-Yong Luo, Wu-Xiang Zhao, and Cheng-Qun Song

Abstract—Three-dimensional (3D) projection display is an effec-
tive approach to realize large size 3D images with high resolution.
An autostereoscopic 3D projection display is proposed. It consists
of four projectors, a projection screen, a lenticular sheet and a
parallax barrier. Operation principle and calculation equations
are described in details and the parallax images are corrected
by the means of homography. A 50-inch autostereoscopic 3D
projection display prototype is developed and it presents good
stereoscopic images. The normalized luminance distributions of
the viewing zones are measured, and the results agree well with
the designed values. Compared with the conventional autostereo-
scopic 3D projection display based on two parallax barriers, the
proposed prototype has much higher brightness.

Index Terms—Autostereoscopic display, homography, 3D
projection display.

I. INTRODUCTION

T HREE-DIMENSIONAL (3D) displays, which expand
viewer’s sensation beyond what is offered by traditional

2D displays, are candidates for the next generation image
media [1]. Currently, the stereoscopic displays using aids, such
as glasses or helmet are mature and have been applied widely.
Nevertheless, autostereoscopic display [2], [3], volumetric
display [4], integral imaging [5] and holographic display [6]
which present 3D images without aids are the developing trend.

Among these 3D displays, the autostereoscopic display is
popular, because it has advantages such as easy realization, low
cost, and easy commercialization. The autostereoscopic display
consists of a flat panel display (FPD) and a lenticular sheet or
a parallax barrier. For an -view autostereoscopic display,
different parallax images are displayed on the FPD at the same
time. The resolution of an observed parallax image is inversely
proportional to . For instance, for a 9-view autostereoscopic
display having a FPD with an available resolution 1920 1080,
the 3D resolution is only 640 360. Therefore, the autostereo-
scopic display based on FPD is not the most effective method
for high resolution 3D images. In contrast, 3D projection dis-
play is a simple and effective approach to realize large size
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Fig. 1. Configuration of the proposed autostereoscopic 3D projection. Dotted
line, dashed line, dot–dashed line, and solid line denote projection light from
projectors 1, 2, 3, and 4, respectively.

3D image with high resolution. A high-quality integral videog-
raphy is proposed using long-focal-length projection technique
to create a high resolution image onto the screen [7]. A prac-
tical integral imaging projector, which displays elemental im-
ages with a large number of pixels using spatio-temporal multi-
plexing, is proposed [8]. The spatio–temporal multiplexing re-
sults in an increase in the number of pixels in a display panel.
An autostereoscopic 3D projector display based on two parallax
barriers is presented to realize large size 3D image with high
resolution [9].

Although the 3D projection display based on two parallax
barriers realized large and high resolution, most light from the
projectors is blocked by the parallax barrier facing the projec-
tors, which lowers the brightness of the 3D projection display.
In this paper, we propose an autostereoscopic 3D projection dis-
play based on a lenticular sheet and a parallax barrier. The pro-
posed prototype presents high resolution 3D images as the con-
ventional prototype based on two parallax barriers. Moreover, it
has much higher brightness and efficiency of light utilization.

II. PRINCIPLE AND CALCULATIONS

The proposed autostereoscopic 3D projection display con-
sists of four projectors, a projection screen, a lenticular sheet
and a parallax barrier, as shown in Fig. 1. Four projectors are
arranged in a horizontal array, and they project four parallax
images onto the lenticular sheet. The projected parallax images
pass through the lenticular sheet and form a synthetic image on
the projection screen. The synthetic image includes four par-
allax images which are vertically interlaced. The parallax barrier
between the projection screen and the viewers ensures correct
parallax image separation for the viewers’ left and right eyes.
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As shown in Fig. 1, the pitch, the thickness and the focal
length of the lenticular sheet are denoted by , and , re-
spectively. The focal plane locates at the back surface of the
lenticular sheet. and are the principal planes of the lentic-
ular sheet. is the projection distance. The distance between
every two adjacent projectors is . Assume that the incident
rays passing through each lenticular lens are parallel, because
the pitch of the lenticular sheet is far less than the projection
distance . and are two principal points of the lens op-
tical system. The projection screen is placed at behind the
focal plane. Dotted line, dashed line, dot dashed line and solid
line denotes projection light from projectors 1, 2, 3 and 4, re-
spectively. Image stripes 1, 2, 3 and 4 on the projection screen
are projected from projectors 1, 2, 3, and 4, respectively. The
pixel pitch of the synthetic image is denoted by . The parallax
barrier with slit width and black strip width places at
from the projection screen. is the interpupillary distance and

is the optimum viewing distance. According to the geometric
analysis, the following relations are satisfied:

(1)

(2)

(3)

(4)

(5)

(6)

The parameters of the autostereoscopic 3D projection display
are obtained from (1) to (6).

III. CORRECTION OF THE PARALLAX IMAGES

The four projectors in the autostereoscopic 3D projection dis-
play are placed at four places in the horizontal direction with
horizontal shift. Four projectors are arranged in a horizontal
array in the academic design, however, the distance between
every two adjacent projectors should be limited according to
(3). If the width of each projector is larger than the value, the
four projectors can not be placed on one layer, which cause ver-
tical shift. The phenomena lead to horizontal distortion and ver-
tical parallax of the parallax images presented by the projectors.
According to the researches in [10], the mismatches in binocular
parallax image pairs can cause serious viewing discomfort, and
even can make viewers lose stereoscopic effect. The threshold
values for horizontal shift and vertical shift should be less than
about 2–3 PD and 1 PD, respec-
tively. So the correction of the parallax images is necessary to
have a better stereoscopic effect.

We correct the parallax images by the means of homography.
The homography is an invertible transformation from one pro-
jective plane to another which maps straight lines to straight
lines [11]. It is projective transformation, which describes the
transformation relation between two planes. Set a coordinate
system of the projection screen, parallax image and its target

Fig. 2. Relative coordinates of the projection screen, parallax image and its
target image.

Fig. 3. Correction of the parallax images. (a) Uncorrected parallax image. (b)
Corrected parallax image.

image shown in Fig. 2. Origin of the coordinate system is lo-
cated at the upper left corner of the projection screen, and the
point at the lower right corner is defined as (1, 1). The transfor-
mation relation between the parallax image and its target image
are represented as follows:

(7)

(8)

where are the coordinates of a point on a parallax
image to be corrected, are the coordinates of a point on
the rectangular target image, and are the
factors which can be obtained by four pairs of measurable ver-
tices: ; ; ;

. Then all points on the parallax image are
transformed to the rectangular target image according to (7)
and (8). When the transformed parallax images are projected
onto the projection screen, they overlap completely and do not
have vertical parallax and image deformation. Fig. 3(a) and (b)
shows the rectangle parallax images projected from two projec-
tors before and after they are corrected using the above method,
respectively. We can see that the parallax images in Fig. 3(a) are
distorted seriously, especially on the marginal areas. However,
the parallax images in Fig. 3(b) overlap very well and do not
have vertical parallax and image deformation.

IV. EXPERIMENTS

A 50-inch prototype of the proposed autostereoscopic 3D
projection display is developed, as shown in Fig. 4. Specifica-
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Fig. 4. A 50-in autostereoscopic 3D projection display prototype.

TABLE I
SPECIFICATIONS OF THE PROPOSED 3D PROJECTION DISPLAY PROTOTYPE

tions of the prototype are listed in Table I. Four parallax images
with a resolution of 1024 768 pass through the lenticular sheet
and form a synthetic image with a resolution of 4096 768. And
the resolution of the 3D image is the same as that of the parallax
image, i.e., 1024 768.

The validity and rationality of 3D display can be evaluated
by the luminance distribution characteristics [3], [12]. In the
proposed prototype, the measured luminance distribution of one
viewing zone can be obtained by turning on the corresponding
projector with white image and turning off the others. And the
luminance is measured by moving an imaging photometer along
the horizontal direction at the optimum 3D view distance, as
shown in Fig. 5. Horizontal axis represents horizontal po-
sition at the optimum viewing distance. The viewing position
corresponds to the display center when is equal to 0. We can
see that the horizontal distance between peak positions of two
adjacent viewing zones is 65 mm, which agrees well with the
designed value of .

A coequal conventional autostereoscopic 3D display proto-
type based on two parallax barriers is developed for comparison.
The parameters of the two prototypes are identical. The perfor-
mances of the two prototypes are shown in Table II. It can be

Fig. 5. The normalized luminance distribution of each viewing zone along the
horizontal direction at the optimum viewing distance for the prototype.

TABLE II
PERFORMANCES OF THE TWO AUTOSTEREOSCOPIC 3D PROJECTION DISPLAY

PROTOTYPES

seen from Table II that the proposed prototype has brightness
twice higher than the conventional prototype.

V. CONCLUSION

In order to realize a large size 3D image with high resolution,
an autostereoscopic 3D projection display is proposed. It con-
sists of four projectors, a projection screen, a lenticular sheet and
a parallax barrier. Operation principle and calculation equations
are described in details. A 50-inch autostereoscopic 3D projec-
tion display prototype is developed and it presents good stereo-
scopic images with high resolution. Compared with the con-
ventional autostereoscopic 3D projection display based on two
parallax barriers, the proposed prototype has achieved higher
brightness. The autostereoscopic 3D projection display has po-
tential application because it has many advantages such as large
size, high resolution and high brightness.
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