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that depended on the radius of the curved display. Trajectories of the rays coming from the curved dis-
play through the parallax barrier were calculated. Calculated distribution of ray trajectories for the
autostereoscopic display using curved display showed trends similar to those for the flat display.
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1 Introduction

Nowadays, 3D displays using special eyeglasses had been
widely adapted for applications such as in TV.1 And
autostereoscopic 3D, where the naked eye of a user could
perceive the stereoscopic image, had been also researched
as well.2–7 Control of ray directions were key factors designing
the autostereoscopic display and the optical element such as
the parallax barrier or the lenticular lens sheet had been used
to control the direction of the ray.2–7

Curved displays using organic light-emitting diode or
liquid crystal display had been reported.8–12 As the distribu-
tions of the direction of the rays coming out from the curved
surface of the display were different from those of the flat
surface, the curved shape of the display surface should be
considered in designing autostereoscopic 3D display.

For this purpose, the relation between the shape of the
display surface and the ray direction was investigated. In the
design of the autostereoscopic two-view 3D using the parallax
barrier, this relation was used to determine the parameters of
the parallax barrier. Using these parameters of the parallax
barrier, trajectories of the rays coming out from the
autostereoscopic 3D display were calculated and compared
with those of the case for the display of the flat surface.
2 Methods

In this paper, autostereoscopic two-view 3D using parallax
barrier was selected as an example for the analysis.

Figure 1 illustrates the configuration where a display of the
flat surface was used for the autostereoscopic display. Parallax
barrier consisted of the transparent and non-transparent
regions. The thickness of the light-absorbing layer, which
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was located at the non-transparent region, was generally
much thinner than the thickness of the substrates, which
composed the parallax barrier or the display. So the position
of the light-absorbing layer inside the parallax barrier was
considered as illustrated in Fig. 1. In Fig. 1, the distance from
the pixel of the display to the light-absorbing layer of the
parallax barrier and the distance from the light-absorbing layer
to the air were denoted as a and b. The values of a and b and
the pitch of the parallax barrier should be determined such that
the light rays passing through the parallax barrier could make
the viewing zone of autostereoscopic 3D. In the example in
Fig. 1, the relative position between the pixels and the trans-
parent region of the parallax barrier were selected such that
among the rays coming out from the center of pixel P(n)C, rays
normal to the display surface passed through the transparent
region of the parallax barrier. In case of the rays coming out
from other pixels such as P(n+1)C, P(n� 1)C, rays normal to the
display surface were blocked by the non-transparent region of
the parallax barrier. As the distribution of the ray trajectories
coming from each pixel became different owing to the parallax
barrier, ray trajectories for more than one pixels need to be
considered to investigate the ray distribution of the
autostereoscopic 3D. Hence, five pixels were considered for
two-view 3D. In case of autostereoscopic two-view 3D, light
rays from the pixels of the notation of even or odd number
had to be observed by only one eye of a user at the viewing dis-
tance. If the view number of the autostereoscopic display was
larger than 2, more pixels need to be considered.

The value of a of the parallax barrier in Fig. 1 was
determined by the following equation. Once viewing distance
D and the distance between the adjacent viewing zones were
given, angle θ2 between the adjacent viewing zones in Fig. 1
can be represented as in Eq. (1a).2,4

tanθ2 ¼ Ev=D (1a)
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FIGURE 1 — Schematics of autostereoscopic two-view display using the
parallax barrier and the flat surface. Ev is the distance between the viewing
zones for the left and right eyes. D, b, and a represent the distance from the
user to the substrate of the parallax barrier, the distance between the air
and the light-absorbing layer of the non-transparent region of the parallax
barrier, and the distance between the light-absorbing layer and the display
pixel, respectively. P(n)C represents the pixel on the display where integer n
is used to represent the different pixels. Pd and BPf represent the pixel pitch
of the display and the parallax barrier pitch, respectively.

FIGURE 2 — Ray directions passing through the parallax barrier at the
center and the left and right edges of the autostereoscopic two-view
display of the flat surface in the xy-coordinate system where the x-axis is
parallel to the direction normal to the surface at the center of the display
and the y-axis is parallel to the horizontal direction of the user. Pd
represents the pixel pitch of the display. M represents the number of pixels
between pixels of P(n)C and P(n)R or P(n)L . User was located at viewing
distance D from the 3D display.
Ev represents the distance between the adjacent viewing
zones. From Snell’s equation, angle θ1 from the transparent
region of the parallax barrier to the center of pixel P(n� 1)C,
which was located next to pixel P(n)C, can be represented as
in Eq. (1b).

θ1 ¼ sin�1 sinθ2
n

� �
(1b)

From angle θ1, a of the parallax barrier can be determined
as in Eq. 1c. Pd represents the pixel pitch of the display.

a ¼ Pd tan θ1 ¼ Pd tan sin�1 sin θ2
n

� �� �
(1c)

For autostereoscopic 3D with the flat surface, the parallax
barrier consisted of the transparent and non-transparent re-
gions, which were repeated by the spatial period of the barrier
pitch. The size of the barrier pitch had been determined by
Eq. (2).2,4 Subscript f was used to represent the flat surface.

BPf ¼ 2
1=Pd þ 1=Ev

(2)

At the viewing zones of autostereoscopic 3D, each eye of a
user should only observe lights coming from the pixels
corresponding to the specific view. Hence, the trajectories of
the rays coming out from the pixels corresponding to the
specific view should intersect at the viewing zone of that view.
Therefore, the viewing zone can be approximately deter-
mined from the positions of these intersections. Trajectories
of rays coming from the center and the horizontal left/right
edges of the display were considered as illustrated in Fig. 2.6,7

In Fig. 1, the position of pixel P(n)C at the display center
was selected such that among the rays coming out from the
center of pixel P(n)C, rays normal to the display surface passed
through the transparent region of the parallax barrier. In
Fig. 2, P(n)L and P(n)R represent pixels that were located far
from the center of the display.M was the number of pixels be-
tween the positions of P(n)C and P(n)R or P(n)L. DL represents
the distance from P(n)C to P(n)R or P(n)L. If pixel P(n)C, P(n)R,
and P(n)L corresponded to the same view, M should be an
even number for two-view 3D. From Eq. (2) of the barrier
pitch, the size of barrier pitch was always smaller than twice
the pixel pitch. So the relative position between the pixel
corresponding to the specific view and the transparent region
of the parallax barrier became different for the different
positions of the display. Hence, the center of pixel P(n)R at
the right edge of the display and the transparent region of
the parallax barrier were not aligned anymore. In case of the
rays coming from P(n)R, the rays normal to the display surface
did not reach the user as illustrated in Fig. 2. Only rays of
angle ϕ1 coming from P(n)R passed through the transparent
region of the parallax barrier and could reach the user. In
Fig. 2, the xy-coordinate system was selected where the x-axis
represents the direction normal to the surface at the center of
the display and the y-axis is parallel to the horizontal direction
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FIGURE 3 — Curved display where viewing distance D was equal to ra-
dius R of the concave curvature. User was located at the center C of the
concave curvature. (a) Ray directions passing through the parallax barrier
at the center and the left and right edges of the display. User can only ob-
serve the rays normal to the surface. (b) Determination of the barrier pitch
BPr from the similar shape of two fan shapes when D=R. Thick gray line
and thick dotted line represent two fan shapes.
of the user. The situation was similar for pixel P(n)L located at
the left edge of the display. Angle ϕ1 was related to viewing
distance D as shown in Eq. (3).

ϕ1 ¼ tan�1 DL=Dð Þ (3)

In Figs 1 and 2, the spatial difference between the
transparent region of the parallax barrier and the center of
pixel P(n)C was selected as zero. Barrier shift was defined as
the spatial difference between the transparent region of the
parallax barrier and the center of pixel P(n)L or P(n)R. For
3D using the display of the flat surface, the barrier shift can
be represented as in Eq. (4).

BSf ¼ M� 2Pd � BPf
� �

(4)

Subscript f was used to represent the flat surface. As
distance DL became larger, barrier shift and angle ϕ1 became
larger accordingly.

As an example of the curved display, a circular concave
display where radius R of the display was equal to viewing
distance D of autostereoscopic 3D was considered as
illustrated in Fig. 3. Radius R was defined as the curvature
at the surface of the barrier substrate. C represents the center
of the concave curvature. P(n)C, P(n)R, and P(n)L represent the
pixels that correspond to the same view of autostereoscopic
two-view 3D. So rays from these pixels should reach one
eye of a user at the viewing distance. If a user was located at
the distance of R from the curved display, the viewing direc-
tion of the user was always normal to the surface of the
display. Hence, only one eye of the user could observe the
rays normal to the display surface among the rays coming
out from the pixels of the display as illustrated in Fig. 3(a).
So the transparent regions of the parallax barrier should be
placed in the trajectories of these rays. This situation was
different from that of the flat surface in Fig. 2 where the view-
ing direction of the user for a view was not always normal to
the surface of the display. So the equation to determine the
barrier pitch needs to be newly derived for the curved display.

If a user was located at the distance of R from the curved
display, the barrier pitch could be determined from the ratio
of two similar fan shapes as illustrated in Fig. 3(b).

Angle ϕP of these fan shapes was the same. The distance
from the center C to the light-absorbing layer was equal to
the radius (R+ b) of one fan shape. The distance from the
center C to the position of display pixels was equal to the radius
(R+ a+ b) of the other fan shape. Hence, the following
equation was derived from the size of these similar fan shapes.

BPr : 2Pd ¼ Rþ bð Þ : Rþ aþ bð Þ (5a)

From this relation, the barrier pitch BPr was determined as
in Eq. (5b).
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BPr ¼ 2Pd
Rþ b

Rþ bþ a
(5b)

Subscript r was used to represent the condition where
radius R of the curved display was equal to viewing distance
D. Compared with Eq. (2), Eq. (5b) was dependent on radius
R and was independent of Ev, which was the distance between
the adjacent viewing zones.

As another example of the curved display, Fig. 4(a)
illustrates the case that viewing distance D was not equal to
radius R of the display. The xy-coordinate system in Fig. 4



FIGURE 4 — Curved display where viewing distance D is not equal to
radius R of the circular concave display. (a) Ray directions passing through
the parallax barrier at the center and the left and right edges of the curved
display. C represents the center of the concave curvature. (b) The xy-coor-
dinate systems for the flat surface and the x′y′-coordinates systems for the
curved surface at distance DL from the center of the display. For the same
distance DL, positions on the flat and curved surfaces are different by the
amount of (Δx, Δy) and angle ϕ2. R and C represent the radius and the
center of the concave curvature.

FIGURE 5 — Barrier shift BSc of pixel P(n)R in the x′y′-coordinate system
where the x′-axis was normal to the display surface in curved display and
viewing distance D is not equal to radius R of the circular concave display.
(a) is the same as the xy-coordinate system defined in Fig. 2. P
(n)C, P(n)R, and P(n)L represent the pixels that correspond to
the same view. It was assumed that among the rays coming
from pixel P(n)C, the rays normal to the display surface passed
through the transparent region of the parallax barrier and
reached the user similar to the case of Figs 2 and 3. However,
except for the rays coming from pixel P(n)C at the center of the
display, the rays normal to the display did not reach the user as
illustrated in Fig. 4(a). In the xy-coordinate system, the angle
between the x-axis and the normal direction at the position of
pixel P(n)R far from the display center was defined as ϕ2 where
ϕ2 =DL/R. ϕ1 represents the angle of ray direction that
reaches the user. ϕ3 represents the angle between the
direction normal to the surface and the direction toward the
user. Equation 6a determines the relation of these angles of
Fig. 4(a).

ϕ3 ¼ ϕ1 � ϕ2 ¼ ϕ1 �DL=R (6a)

As the direction normal to the surface was parallel to the x-
axis only for the pixels located at the center of the display, the
x y -coordinate system was defined where the x -axis was
normal to the display surface. Figure 4(b) represents the
difference between the x y -coordinate system of the curved
surface to the xy-coordinate system defined in consideration
of the user position. The differences of the positions and the
direction normal to the flat or the curved surface of the
display at the distance of DL are illustrated in Fig. 4(b).
Directions normal to the flat and the curved surface were dif-
ferent by angle ϕ2. And positions at the distance of DL were
different by the amount of (Δx, Δy) = (R(1� cosϕ2),
�Rsinϕ2). Angle ϕ1 was determined as in Eq. (6b).

ϕ1 ¼ tan�1 DL þ Δy
D� Δx

� �
¼ tan�1 DL � R sinϕ2

D� R 1� cosϕ2ð Þ
� �

(6b)

Angle ϕ1 of Eq. 6b was different from Eq. (3) of
the flat surface. Yet, for the large R, angle ϕ2 approaches
zero, and the difference between Eq. (6b) and (3)
also decreases.

If ϕ3 =ϕ1�ϕ2 was not zero, the barrier pitch and barrier
shift need to be adjusted such that rays at angle ϕ3 could
reach the user. Similar to the flat surface, barrier shift BS in
the curved surface could be defined as the difference between
the transparent region of the parallax barrier and the center of
pixel P(n)L or P(n)R along the direction normal to the curved
surface as illustrated in Fig. 5. The x y -coordinate system
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FIGURE 6 — Scheme of the calculation of the ray trajectories coming
from pixel PmC and PmR through the parallax in the x′y′-coordinate system
where the x′-axis was normal to the display surface. (a) Ray trajectories at
the display center where pixel P0C and the transparent region of parallax
barrier were aligned at the x′-axis. (b) Ray trajectories at the right edge of
the display where pixel P0C was shifted along the direction of the y′-axis
by the barrier shift BS compared with the display center. Thick black lines
represent the light-absorbing layer of the parallax barrier. m represents the
integer of 2, 1, 0, �1, and �2.
was considered where the x -axis was normal to the display
surface. This barrier shift was related to angle φ3 in Eq. 7a.
Subscript c represents the curved surface.

BSc ¼ a tan sin�1 sinϕ3

n

� �� �
(7a)

The radii at the pixel position and the position of the light-
absorbing layer are (R+ a+ b) and (R+ b), respectively. When
the difference of the radii was considered, barrier pitch BPc
can be written as in Eq. (7b).

BPc ¼ 2Pd
Rþ b

Rþ bþ a
� BSc

M
(7b)

If distance from the display surface to the user was equal
to radius R, ϕ3 was 0 and ϕ1 was equal to ϕ2 in Eq. (6a). As
BSc was 0, BPc of Eq. (7b) became equal to BPr of Eq. (5b).
Hence, BPr of Eq. (5b) for the curved surface of R=D can
be considered as the special case of Eq. (7b), which was
derived for the curved surface of the arbitrary radius R.
The equations of the barrier pitch and the barrier shift
for the various shapes of the display surface are shown
in Table 1.

Trajectories of the rays coming from the pixels through the
parallax barrier were calculated to verify the barrier pitch of
autostereoscopic 3D for the curved display to be correct.
MATLAB™ was used for the calculation.13 A display with diag-
onal size of 7 in., resolution of 1920 × 1080 pixels, and pixel
pitch of 81μm was considered as the display condition for
the calculation. Refractive index of the display and the
parallax barrier was selected as 1.5. The aperture ratio of
the parallax barrier, which was defined as the size of the
transparent region divided by the barrier pitch, was selected
as 0.2. Viewing distance D was selected to be 400mm in
consideration of mobile application. The distance between
the adjacent viewing zones was selected to be 65mm, which
was slightly larger than the pupillary distance.14

Figure 6(a) illustrates the schematics of the calculation for the
pixels located at the center of the display in the x y -coordinate
system where the x -axis was normal to the display surface.
TABLE 1 — Equations of barrier pitch and barrier shift for the flat and the
curved surfaces.

Barrier pitch Barrier shift

Flat surface BPf ¼ 2
1=Pdþ1=Ev

BSf=M × (2PdBPf)/2

Curved surface (R=D) BPr ¼ 2Pd
Rþb

Rþbþa BSr= 0

Curved surface (R≠D) BPc ¼ 2Pd
Rþb

Rþbþa � BSc
M BSc ¼ a tan sin�1 sinφ3

n

� �� �
Subscripts f, r, and c represent the conditions where display is flat, radius R is
equal to distance D from the display to the user position, and R is not equal to
D, respectively.
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The light-absorbing layer of the parallax barrier was selected to
be located at x=0, which is represented by black thick lines;
(0, 0) of the x y -coordinate system was selected to be located
at the transparent region of the parallax barrier. Five pixels of
P2C~P�2C were located at x=�a. The center of pixel P0C and
the transparent region of parallax barrier were selected to be
aligned at y=0. Trajectories of the multiple rays coming from
the center of each pixel at the xy coordinate of (�a, mPd) and
incident in the range of one barrier pitch were calculated. Inte-
ger m was used to represent the five pixels PmC and PmR at the
center and the right edge of the display in Fig. 6, where m is
2, 1, 0, �1, or �2. Pixels of the odd and even notations
corresponded to views for the left or right eyes. At the parallax
barrier, the rays incident on the light-absorbing layer were
blocked, and the rays incident on the transparent region passed
through the substrates. At the boundary between the air and the
substrate of the parallax barrier of x =b, angle of the ray
refracted from γ1 to γ2 by Snell’s law. Using the information of



FIGURE 7 — Transformation of ray position and direction from the x′y′-co-
ordinate system where the x′-axis was normal to the curved surface to the
xy-coordinate system, which was defined with respect to the user position in
Figure 4. (x3, y3) represents the position at which light ray came out from the
substrate of the parallax barrier to the air. γ2 represents the ray directions.
the xy-coordinate (x2 =b, y2) and direction γ2 at the substrate
boundary, the trajectory of each ray in the air was calculated.

The amount of the barrier shift between the pixel cen-
ter and the transparent region of the barrier determined
the viewing distance as illustrated in Figs 2–4. The effect
of the barrier shift was applied in the calculation of the
ray trajectories by the translation of the pixels coordinates
by the amount of the barrier shift BS as illustrated in Fig. 6
(b). M was defined as the number of pixels between the
positions of PmC at the center of the display and PmR or
PmL at the edge of the display. As PmR or PmL was assumed
to be located at the horizontal edge of the display at m = 0
for the calculation, M was equal to half of the horizontal
number of pixels.

In case of autostereoscopic 3D using the flat display, the x
y -coordinate system of Fig. 6 was equal to the xy-coordinate
system defined in Fig. 2. In that case, BS was equal to BSf.
The distance from the positions of PmC at the center of the
display and to PmR or PmL at the edge of the display was M×
Pd. Once the information of the xy coordinate (b, y2) and
direction γ2 at the substrate boundary for PmR and PmL were
calculated in consideration of the barrier shift BS, trajectories
of rays for PmR and PmL were obtained by the translation of
(b, y2 +M× Pd) for PmR and (b, y2�M× Pd) for PmL in consid-
eration of the distance M× Pd from the center of the display
to the edge of the display. Calculated trajectories of each ray
propagating through the air were represented by the ray
direction γ2 and position (x3, y3) at which light ray came out
from the substrate of the parallax barrier to the air. In case
of pixels at the display center, (x3, y3) was equal to (b, y2),
and in case pixels at the display edge, (x3, y3) was equal to
(b, y2 ±M× Pd).

In the calculation of ray trajectories at the curved surface,
the curved display surface can be treated as the flat surface
for the range of several pixel sizes on the display surface. Then
ray trajectories around the positions of PmC and PmR can be
calculated by the scheme described in Fig. 6. However,
calculated ray trajectories in Fig. 6 were represented in the
x y -coordinate system where the x -axis was normal to the
display surface. Therefore, the ray trajectories for the pixel
at the right edge, calculated by the scheme of Fig. 6(b),
should be transformed by the amount derived in Fig. 4(b).
Hence, position (x3, y3) at which light ray came out from the
substrate of the parallax barrier to the air was changed as in
Eq. (8a).

x3; y3
� �

⇒ x3 þ Δx; y3 þ Δy
� � ¼ x3 þ R 1� cosϕ2ð Þ; y3 � R sinϕ2

� �
(8a)

And ray directions were changed as in Eq. (8b).

γ2 ⇒ γ2 þ ϕ2 ¼ γ2 þ DL = Rð Þ (8b)

Transformation of the information of the ray trajectories in
Eqs (8a) and (8b) is illustrated in Fig. 7. Ray trajectories
transformed by Eqs (8a) and (8b) were used to estimate the
ray distribution at the user positions.

Spatial distributions of the rays coming through the
parallax barrier from pixels located at the center and
the right and left edges of the display were derived from
the calculated results of (x3, y3) and the ray trajectories
in the xy-coordinate system. From the spatial distribution
of the trajectories, the viewing zones were estimated.
Spatial distribution of rays were investigated for three
conditions of the display shapes, which were flat surface,
the curved surface where the viewing distance was equal
to the radius, and the curved surface where the viewing
distance was not equal to the radius.
3 Results and analysis

For the flat or curved displays, the trajectories of the rays
coming from the autostereoscopic 3D display were calculated
by the procedure described earlier.

In case of autostereoscopic two-view 3D of the flat surface,
design parameters were determined to be a= 780μm,
b= 200μm, and BPf= 161.7984 μm for the viewing distance
of D= 400mm by Eqs (1a)–(4). Figure 8 illustrates the
calculated result of ray trajectories. In Fig. 8(a), ten rays with
the different angles were set to come out from each center of
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FIGURE 8 — Calculated ray trajectories for autostereoscopic two-view
display of the flat surface. (a) Calculated ray trajectories at the center
position of the display. (b) Calculated ray trajectories at the right edge of
the display. (c) Spatial distribution of the trajectories of the rays coming
from the center and the right and left edges of the display. Thick arrows
represent the ray coming from P0C or P0R through the transparent region
of the parallax barrier. Dotted circles represent the positions where each
eye of the viewer should be placed to observe the stereoscopic image.
Horizontal axis represents the distance to the user. Vertical axis represents
the horizontal distance with respect to the user.
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five pixels located at the center position of the display. Some
of those rays were blocked at the non-transparent region of
the parallax barrier, but three or four rays from each pixel
passed through the transparent region of the parallax barrier
as illustrated in Fig. 8(a). The number of rays passing
through the parallax barrier was determined by the aperture
ratio of the parallax barrier. In the calculation of the ray tra-
jectories, the aperture ratio was selected as 0.2. In case of
the pixels located at the right edge of the flat display, the bar-
rier shift was 96.78 μm from Eq. 4. The directions of rays
passing through the parallax barrier shifted toward the direc-
tion of the –y-axis as illustrated in Fig. 8(b). The rays coming
from the center and the right and left edges of the display
intersected at the various positions. The distance from PmC

at the center of the display and to PmR at the edge of the
display was M× Pd = 77.8mm. In case of ray from the edge
of the display, the position of the y-coordinate that the ray
came out from the substrate of the parallax barrier to the
air was shifted by this distance as explained the calculation
scheme of Fig. 6 where at the display edge, (x3, y3) was equal
to (b, y2 ±M× Pd). Viewing zones were formed where all the
rays coming from PmC, PmL, and PmR intersected. In Fig. 8
(c), the positions that the trajectories intersected were
approximately located at the distance of 400mm, although
the intersected position was shorter for the larger horizontal
distance from the user position.7 The distance of 400mm
was equal to the designed viewing distance of D = 400mm.
Each eye of a user should be placed at one of these positions
to perceive the stereoscopic images.

In case of autostereoscopic two-view 3D where viewing dis-
tance D was equal to radius R of the curved display, design pa-
rameters were determined to be a=780μm, b=200μm, and
BPr=161.6849μm for the viewing distance of D=400mm in
Eq. (5). The calculated barrier pitch BPr was calculated to be
different for BPf. Figure 9(a) illustrates the schematic of the
calculated ray directions at the center and the right and left
edges of the display. In Fig. 9(a), lines connecting the centers
of pixels P0C, P0L, and P0R and the transparent region of the
parallax barrier were still on the line normal to the display sur-
face, although these lines were no longer parallel to the x-axis.
Figure 9(b) illustrates the spatial distribution of the ray trajec-
tories. The positions of intersections of the ray trajectories were
approximately at the distance of 400mm, which was equal to
radius R of the curved display.

Figure 10 illustrates the spatial distribution of the calcu-
lated ray distribution where radius R of the curved display
was not equal to viewing distance D. For the viewing
distance of D = 400mm and radius R= 1.5 D or 2 D, de-
sign parameters were determined using Eqs 6a, 6b, 7a,
7b, and the calculated ray trajectories were changed by
Eqs (8a) and (8b).

Spatial distributions of the ray trajectories of Figs 8(c), 9
(c), and 10 showed the similar trends where the rays from
the pixels corresponding to the same view gathered near the
distance of 400mm for the flat display and the curved display
of R=D, 1.5D, 2D.



FIGURE 9 — Calculated ray trajectories for autostereoscopic two-view
display where radius R is equal to the viewing distance, D. (a) Schematic
ray directions at the center and the right and left edges of the display. Thick
arrows represent the direction toward the center of the circle composing
the circular arc of the concave display. φ1 represents the angle between
the ray trajectories and the x-axis. (b) Spatial distribution of the trajectories
of the rays coming from the center and the right and left edges of the
display. Thick curve of the left side represents the arc of radius R of the
curved display. Horizontal axis represents the distance to the user. Vertical
axis represents the horizontal distance with respect to the user. C represents
the center of the concave curvature.

FIGURE 10 — Spatial distribution of the calculated ray trajectories
coming from the center and the right and left edges of the curved display
for autostereoscopic two-view display where radius R was (a) 1.5D and
(b) 2D. Thick curve of the left side represents the arc of radius R of the
curved display. Horizontal axis represents the distance to the user. Vertical
axis represents the horizontal distance with respect to the user. C represents
the center of the concave curvature.
Slight changes of viewing position along the horizontal
directions were observed in the calculated results, which
had been reported in the flat surface.7 Hence, once the
parameters of the parallax barrier were initially determined
by the given equations, optimization of the parameters
through calculation of the ray trajectories might be also
needed for autostereoscopic 3D using the curved surface.
Still, calculated results of the ray trajectories of Figs 9 and
10 for the curved display verify that the designing procedure
and the derived equations were useful for designing the
autostereoscopic 3D with curved surface.
4 Conclusion

The process for determining the parameter of the parallax
barrier was investigated for autostereoscopic 3D with curved
surface. Equations of the barrier pitch depending on radius
R were derived for the circular concave surface as shown in
Table 1. The result showed that equation for the barrier pitch
of the flat surface was not applicable to the curved surface and
radius R of the curved display should be considered in
Hong / Autostereoscopic 3D for curved display 151



designing the parameters for the parallax barrier if the curved
display was used.

This research was investigated for autostereoscopic two-view
3D using the parallax barrier. Yet, this investigation is expected
to be applicable to autostereoscopic 3D with view number larger
than 2. This investigation is also expected to be useful to deter-
mine the lens pitch for autostereoscopic 3D using lenticular lens.
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