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(54) IMAGE DISPLAY DEVICE, IMAGE DISPLAY METHOD, AND IMAGE DISPLAY SYSTEM

(57) An image display device acquires positional in-
formation including a distance between at least one eye
of an observer and an image display surface, and cor-
rects, based on the acquired positional information, a rel-

ative positional relationship between slit areas and an
image displayed on the image display surface, by using
a width smaller than the width of one subpixel as a min-
imum correction unit.
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Description

Technical Field

[0001] The present invention relates to an image display device, an image display method, and an image display system.
[0002] The present application claims priority based on JP 2017-233744 filed in Japan on December 5, 2017, entire
contents of which are incorporated herein by reference.

Background Art

[0003] Research and development have been conducted about image display devices that allow images to be viewed
in a stereoscopic manner.
[0004] In this regard, a time-division parallax barrier autostereoscopic video display device is known that is a parallax-
barrier autostereoscopic video display device and sequentially presents a plurality of stereoscopic display images that
are fused together, in the right and left eyes of an observer observing a predetermined line-of-sight direction such that
the images are presented in a predetermined order according to a time series with a period of 4 or more, the autoster-
eoscopic video display device including an image display means including a backlight and an image display panel for
displaying the plurality of stereoscopic display images and a diffuser provided between the backlight and the image
display panel and having directivity in a direction with a predetermined polar angle with polar coordinates, and a display
control means for controlling the image display panel, wherein the display control means performs control such that an
array including iterative time series units periodically arranged are changed according to the time series, the time series
for the right eye and the time series for the left eye each are time series that has a phase shift with each other and that
has the same period, the image display means includes an arrangement sequence including iterative array units and
periodically arranged rightward or leftward, the array units have an elongated and striped shape, and the arrangement
sequence as sequentially viewed rightward or leftward by an observer matches the time series (see Patent Literature 1).

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2015-125407 A

Summary of Invention

Technical Problem

[0006] Here, such an autostereoscopic video display device sequentially presents a plurality of stereoscopic display
images in a predetermined order according to a predetermined time series with a predetermined period, and thus crosstalk
is less likely to occur. However, there is a problem in that brightness of a stereoscopic display image displayed on an
image display panel is lower than desired brightness. On the other hand, in the autostereoscopic video display device
that sequentially presents the plurality of stereoscopic display images in the predetermined order according to the
predetermined time series with the predetermined period, the brightness of the stereoscopic display images displayed
on the image display panel can be prevented from being lower than the desired brightness, but there is a problem in
that crosstalk is likely to occur.
[0007] Thus, in view of the problems of the known technologies described above, an object of the present invention
is to provide an image display device, an image display method, and an image display system that can suppress image
interference between a left eye and a right eye and improve a ratio between display luminance and power.

Solution to Problem

[0008]

(1) An image display device according to an aspect of the present invention is an image display device for displaying
a stereoscopic image based on a parallax barrier scheme using time-division, the image display device including:
a plurality of display elements arranged in a matrix on an image display surface of a transmissive type; a plurality
of illumination arrangement control elements arranged in a matrix on an illumination arrangement control surface
configured to variably control arrangement, on the image display surface, of illumination light emitted from a back
surface of the image display surface to the image display surface; and a controller configured to control the plurality
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of display elements based on left eye image data and right eye image data and control the plurality of illumination
arrangement control elements based on an image displayed on the image display surface and a relative positional
relationship between a position of the image display surface and a position of an observer observing the image
display surface, wherein each of the plurality of illumination arrangement control elements on the illumination ar-
rangement control surface is controlled by using a subpixel as a minimum control unit, and the controller is configured
to control an arrangement pattern for left image areas of the image display surface in which an image of the left eye
image data is displayed and an arrangement pattern for right image areas of the image display surface in which an
image of the right eye image data is displayed, respectively, control the plurality of illumination arrangement control
elements by changing, in accordance with a change in the arrangement pattern on the image display surface, an
arrangement pattern for barrier areas of the illumination arrangement control surface in which the illumination light
is not generated and an arrangement pattern for slit areas of the illumination arrangement control surface in which
the illumination light is generated, respectively, and acquire positional information including a distance between at
least one eye of the observer and the image display surface and corrects, based on the positional information
acquired, a relative positional relationship between the slit areas and the image displayed on the image display
surface, by using a width larger than 0 and smaller than a width of one subpixel as a minimum correction unit.
(2) In the image display device according to (1) described above, the image display device may be configured with
a number of divisions in the time-division being smaller than four.
(3) In the image display device according to (1) or (2) described above, the image display device may be configured
such that the slit areas have inclination angle of larger than 0 and smaller than tan-1 (1/3) with respect to an
upward/downward direction along the illumination arrangement control surface.
(4) In the image display device according to any one of (1) to (3) described above, each of the plurality of display
elements includes a red subpixel, a green subpixel, and a blue subpixel, each of the plurality of illumination arrange-
ment control elements include a red subpixel, a green subpixel, and a blue subpixel, and the plurality of display
elements on the image display surface and the plurality of illumination arrangement control elements on the illumi-
nation arrangement control surface are arranged such that a sequence of the red subpixel, the green subpixel, and
the blue subpixel on the image display surface is the reverse of a sequence of the red subpixel, the green subpixel,
and the blue subpixel on the illumination arrangement control surface.
(5) In the image display device according to any one of (1) to (4) described above, the image display device may
be configured such that information indicating brightness of ambient light is acquired, and the number of divisions
in the time-division is changed in accordance with the brightness indicated by the acquired information.
(6) An image display method according to an aspect of the present invention is an image display method for an
image display device for displaying a stereoscopic image based on a parallax barrier scheme using time-division,
the image display device including a plurality of display elements arranged in a matrix on an image display surface
of a transmissive type, a plurality of illumination arrangement control elements arranged in a matrix on an illumination
arrangement control surface configured to variably control arrangement, on the image display surface, of illumination
light emitted from a back surface of the image display surface to the image display surface, and a controller configured
to control the plurality of display elements based on left eye image data and right eye image data and control the
plurality of illumination arrangement control elements based on an image displayed on the image display surface
and a relative positional relationship between a position of the image display surface and a position of an observer
observing the image display surface, each of the plurality of illumination arrangement control elements on the
illumination arrangement control surface being controlled by using a subpixel as a minimum control unit, the image
display method including: controlling an arrangement pattern for left image areas of the image display surface in
which an image of the left eye image data is displayed and an arrangement pattern for right image areas of the
image display surface in which an image of the right eye image data is displayed, respectively; controlling the plurality
of illumination arrangement control elements by changing, in accordance with a change in the arrangement pattern
on the image display surface, an arrangement pattern for barrier areas of the illumination arrangement control
surface in which the illumination light is not generated and an arrangement pattern for slit areas of the illumination
arrangement control surface in which the illumination light is generated, respectively; and acquiring positional infor-
mation including a distance between at least one eye of the observer and the image display surface and correcting,
based on the positional information acquired, a relative positional relationship between the slit areas and the image
displayed on the image display surface, by using a width larger than 0 and smaller than a width of one subpixel as
a minimum correction unit.
(7) An image display system according to an aspect of the present invention is an image display system including:
an image display device configured to display a stereoscopic image based on a parallax barrier scheme using time-
division; and a distance detection unit, wherein the image display device includes: a plurality of display elements
arranged in a matrix on an image display surface of a transmissive type; a plurality of illumination arrangement
control elements arranged in a matrix on an illumination arrangement control surface configured to variably control
arrangement, on the image display surface, of illumination light emitted from a back surface of the image display
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surface to the image display surface; and a controller configured to control the plurality of display elements based
on left eye image data and right eye image data and control the plurality of illumination arrangement control elements
based on an image displayed on the image display surface and a relative positional relationship between a position
of the image display surface and a position of an observer observing the image display surface, each of the plurality
of illumination arrangement control elements on the illumination arrangement control surface is controlled by using
a subpixel as a minimum control unit, the distance detection unit detects distance information indicating a distance
between at least one eye of the observer and the image display surface, and the controller is configured to control
an arrangement pattern for left image areas of the image display surface in which an image of the left eye image
data is displayed and an arrangement pattern for right image areas of the image display surface in which an image
of the right eye image data is displayed, respectively, control the plurality of illumination arrangement control elements
by changing, in accordance with a change in the arrangement pattern on the image display surface, an arrangement
pattern for barrier areas of the illumination arrangement control surface in which the illumination light is not generated
and an arrangement pattern for slit areas of the illumination arrangement control surface in which the illumination
light is generated, respectively, and acquire positional information including the distance between at least one eye
of the observer and the image display surface and corrects, based on the positional information acquired, a relative
positional relationship between the slit areas and the image displayed on the image display surface, by using a
width larger than 0 and smaller than a width of one subpixel as a minimum correction unit.
(8) An image display device according to an aspect of the present invention is an image display device for displaying
a stereoscopic image based on a parallax barrier scheme using time-division, the image display device including:
a plurality of display elements arranged in a matrix on an image display surface of a transmissive type; a plurality
of illumination arrangement control elements arranged in a matrix on an illumination arrangement control surface
configured to variably control arrangement, on the image display surface, of illumination light emitted from a back
surface of the image display surface to the image display surface; and a controller configured to control the plurality
of display elements based on left eye image data and right eye image data and control the plurality of illumination
arrangement control elements based on an image displayed on the image display surface and a relative positional
relationship between a position of the image display surface and a position of an observer observing the image
display surface, wherein each of the plurality of display elements on the image display surface is controlled by using
a subpixel as a minimum control unit, and the controller is configured to control the plurality of display elements by
changing, based on the number of divisions in the time-division, an arrangement pattern for left image areas of the
image display surface in which an image of the left eye image data is displayed and an arrangement pattern for
right image areas of the image display surface in which an image of the right eye image data is displayed, respectively,
control the plurality of illumination arrangement control elements by changing, in accordance with a change in the
arrangement pattern on the image display surface, an arrangement pattern for barrier areas of the illumination
arrangement control surface in which the illumination light is not generated and an arrangement pattern for slit areas
of the illumination arrangement control surface in which the illumination light is generated, respectively, and acquire
positional information including a distance between at least one eye of the observer and the image display surface,
and corrects, based on the positional information acquired, positions of the slit areas on the image display surface
as viewed by the observer, by using a width larger than 0 and smaller than a width of one subpixel as a minimum
correction unit.

Advantageous Effects of Invention

[0009] The image display device, the image display method, and the image display system according to an aspect of
the present invention can suppress image interference between the left eye and the right eye and improve the ratio
between display luminance and power.

Brief Description of Drawings

[0010]

FIG. 1 is a diagram illustrating an example of a configuration of an image display system 1.
FIG. 2 is a diagram illustrating an example of a state of a first display surface D1 and an example of a state of a
second display surface D2 in a case where a barrier pattern P1 is displayed on the second display surface D2 at a
certain timing T1.
FIG. 3 is a diagram illustrating an example of a barrier pattern displayed on the second display surface D2 illustrated
in FIG. 2 in a case where the position of each slit in the barrier pattern on the second display surface D2 are translated
rightward by half subpixel.
FIG. 4 is a diagram illustrating an example of the state of the first display surface D1 and an example of the state
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of the second display surface D2 in a case where a barrier pattern P2 is displayed on the second display surface
D2 at a certain timing T2.
FIG. 5 is a diagram illustrating an example of a barrier pattern displayed on the second display surface D2 illustrated
in FIG. 4 in a case where the positions of slits in the barrier pattern on the second display surface D2 are translated
rightward by one third subpixel.
FIG. 6 is a diagram illustrating an example of the state of the first display surface D1 and an example of the state
of the second display surface D2 in a case where a barrier pattern P3 is displayed on the second display surface
D2 at a certain timing T3.
FIG. 7 is a diagram illustrating an example of a barrier pattern displayed on the second display surface D2 illustrated
in FIG. 6 in a case where the positions of slits in the barrier pattern on the second display surface D2 are translated
rightward by half subpixel.
FIG. 8 is a diagram illustrating an example of a functional configuration of a control device 14.
FIG. 9 is a diagram illustrating an example flowchart of processing in which the control device 14 causes the barrier
pattern to be displayed on the second display surface D2.
FIG. 10 is a diagram illustrating an example flowchart of processing in which the control device 14 causes an image
indicated by second image data to be displayed on the first display surface D1.
FIG. 11 is a diagram for illustrating a method for calculating, when a barrier pattern to be displayed on the second
display surface D2 is determined, the positions of the slits in the barrier pattern.

Description of Embodiments

Known Image Display System

[0011] First, an image display system X (for example, a known image display system) will be described that is different
from an image display system 1 and that displays a stereoscopic image based on a parallax barrier scheme using a
plurality of time divisions. In a case where the position of an observer (specifically, the position of the eyes of the observer)
of an image displayed on the image display system X is moved, the image display system X shifts the positions of slits
in a barrier pattern of the image display system X such that a left eye image is visible to the left eye of the observer. The
minimum unit of the shift amount by which the positions of the slits are shifted is one subpixel.
[0012] In the image display system X as described above, in a case where the number of time divisions is large (for
example, four or more), a slit width, which is the width of each slit described above, is relatively small, and thus the
occurrence of crosstalk is suppressed. On the other hand, compared to a configuration with a small number of time
divisions (for example, less than four), the image display system X has a problem in that the image appears dark to an
observer of the image displayed on the image display system X.
[0013] To solve such a problem, it is necessary to increase the slit width by reducing the number of time divisions.
However, it is known that, when the slit width is increased by reducing the number of time divisions, the crosstalk is
more likely to occur. That is, it is difficult for the image display system X to achieve both higher brightness of the image
viewed by the observer and suppression of the occurrence of the crosstalk.

Embodiments

[0014] Embodiments of the present invention will be described below with reference to the drawings.

Overview of Image Display System

[0015] The overview of an image display system 1 according to an embodiment will now be described.
[0016] The image display system 1 displays a stereoscopic image based on a parallax barrier scheme using a pre-
scribed number of time divisions. In an example described below, the image display system 1 displays the stereoscopic
image based on a parallax barrier scheme using the time-division in which the number of time divisions is three. Note
that the number of time divisions in the image display system 1 may be a real number instead of an integer as long as
the number is 2 or larger.
[0017] To solve the above-described problems of the image display system X, the image display system 1 is an image
display device for displaying a stereoscopic image based on a parallax barrier scheme using time-division, the image
display device including a plurality of display elements arranged in a matrix on an image display surface of a transmissive
type, a plurality of illumination arrangement control elements arranged in a matrix on an illumination arrangement control
surface configured to variably control arrangement, on the image display surface, of illumination light emitted from a
back surface of the image display surface to the image display surface, and a controller configured to control the plurality
of display elements based on left eye image data and right eye image data and control the plurality of illumination



EP 3 723 366 A1

6

5

10

15

20

25

30

35

40

45

50

55

arrangement control elements based on an image displayed on the image display surface and a relative positional
relationship between a position of the image display surface and a position of an observer observing the image display
surface. In the image display system 1, each of the plurality of illumination arrangement control elements on the illumination
arrangement control surface is controlled by using a subpixel as a minimum control unit. The controller changes, based
on the number of divisions in the time-division, an arrangement pattern for left image areas of the image display surface
in which an image of the left eye image data is displayed and an arrangement pattern for right image areas of the image
display surface in which an image of the right eye image data is displayed, respectively, to control the plurality of display
elements, changes, in accordance with a change in the arrangement pattern on the image display surface, an arrangement
pattern for barrier areas of the illumination arrangement control surface in which the illumination light is not generated
and an arrangement pattern for slit areas of the illumination arrangement control surface in which the illumination light
is generated, respectively, to control the plurality of illumination arrangement control elements, acquires distance infor-
mation indicating a distance between at least one eye of the observer and the image display surface, and corrects,
based on the distance information acquired, a relative positional relationship between the slit areas and the image
displayed on the image display surface, by using a width larger than 0 and smaller than the width of one subpixel as a
minimum correction unit. Thus, the image display system 1 can suppress image interference between the left eye and
the right eye. As a result, the number of divisions in the time-division can be set to less than four, thus improving the
ratio between display luminance and power. The image display system 1 can prevent the brightness of the image
displayed on the image display surface from becoming lower than the desired brightness and can prevent crosstalk from
occurring.
[0018] Hereinafter, a configuration of the image display system 1 and a method for displaying an image by using the
image display system 1 will be described in detail. Note that the image display method described below may be applied
to an image display system that displays a stereoscopic image by using a parallax barrier scheme based on the time-
division in which the number of time divisions is four or more.

Configuration of Image Display System

[0019] The configuration of the image display system 1 will be described below with reference to FIG. 1. FIG. 1 is a
diagram illustrating an example of a configuration of the image display system 1. Note that, for convenience of description,
a direction indicated by an arrow A1 illustrated in FIG. 1 is hereinafter referred to as an upward direction or above. For
convenience of description, a direction opposite to the upward direction is hereinafter referred to as a downward direction
or below. For convenience of description, a direction that is indicated by an arrow A2 illustrated in FIG. 1 and that is
orthogonal to the upward direction is hereinafter referred to as a leftward direction or left. For convenience of description,
a direction opposite to the leftward direction is hereinafter referred to as a rightward direction or right. As an example,
a case in which the upward direction aligns with a direction opposite to the direction of gravity is described below. That
is, in this example, the leftward direction aligns with the horizontal direction. Note that the upward direction need not
align with the above-described direction.
[0020] A subpixel used in the present specification will now be described. The subpixel used in the present specification
refers to each of m equal partial pixels (m is an integer of 2 or larger) obtained by equally dividing, along the upward/down-
ward direction, each of pixels constituting an image displayed on the image display system 1 (i.e., n partial pixels arranged
in the leftward/rightward direction in each pixel). Note that the subpixel may refer to each of m equal partial pixels obtained
by equally dividing each of the pixels constituting the image displayed on the image display system 1 along a direction
different from the upward/downward direction. For simplification of description, a case will be described herein in which
all the pixels used to display an image are of the same size. In an example described below, the subpixel corresponds
to each of three equal partial pixels obtained by equally dividing each of the pixels constituting the image displayed in
the image display system 1 along the upward/downward direction. That is, the width of one pixel is equal to the sum of
the widths of three subpixels.
[0021] The image display system 1 includes an image display device 10 and a distance detection unit 20 separate
from the image display device 10. Note that the image display device 10 may be configured to be integrated with the
distance detection unit 20.
[0022] The image display device 10 includes a first display unit 11, an irradiation unit 12, a diffuser 13, and a control
device 14.
[0023] The first display unit 11 is an example of the first display unit described above. The first display unit 11 is a
transmissive display unit including a first display surface D1 on which a plurality of first subpixels for displaying an image
are arranged in a matrix. The first subpixels are subpixels included in the first display unit 11. For example, the first
display unit 11 is a transmissive liquid crystal panel including the first display surface D1. Note that instead of the liquid
crystal panel, the first display unit 11 may be any other transmissive display unit including the first display surface D1.
The first display surface D1 is an example of an image display surface. The first subpixel is an example of a display element.
[0024] Here, the first display unit 11 may be a liquid crystal panel that can display color images, or may be a liquid
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crystal panel that can display only black and white images. In an example described below, the first display unit 11 is a
liquid crystal panel that can display color images. In this case, each of the pixels of the first display unit 11 includes three
first subpixels including a first subpixel in red, a first subpixel in green, and a first subpixel in blue arranged in this order
from left to right (or right to left).
[0025] The irradiation unit 12 is an example of the irradiation unit described above. The irradiation unit 12 is an irradiation
device emitting, in response to a request from the control device 14, light from a position corresponding to each of the
plurality of first subpixels arranged on the first display surface D1.
[0026] Here, in the example illustrated in FIG. 1, the irradiation unit 12 includes a second display unit 121 and a light
source unit 122.
[0027] The second display unit 121 is a transmissive display unit including a second display surface D2 including
second subpixels that are subpixels arranged in a matrix and corresponding to the respective first subpixels arranged
on the first display surface D1. For example, the second display unit 121 is a transmissive liquid crystal panel including
the second display surface D2. Note that, instead of the liquid crystal panel, the second display unit 121 may be any
other transmissive display unit including the second display surface D2. As an example, in a case described below, the
pixel configuration of the second display unit 121 is the same as the pixel configuration of the first display unit 11. The
second display surface D2 is an example of the illumination arrangement control surface. The second subpixel is an
example of the illumination arrangement control element.
[0028] The light source unit 122 emits light to each of the plurality of second subpixels arranged on the second display
surface D2. The light source unit 122 is a backlight using, for example, a Light Emitting Diode (LED). Note that the light
source unit 122 may be a backlight using any other light source instead of the LED.
[0029] Here, in this example, the pixel configuration of the second display unit 121 is the same as the pixel configuration
of the first display unit 11 as described above. Thus, the second display unit 121 is a liquid crystal panel that can display
color images. In this case, each of the pixels of the second display unit 121 includes three second subpixels including
a second subpixel in red, a second subpixel in green, and a second subpixel in blue arranged in this order from left to
right (or right to left). That is, the color of light emitted from the light source unit 122 to the first subpixel via a certain
second subpixel is one of red, green, and blue. In this case, the first subpixel irradiated with the light may absorb the
light instead of transmitting the light, depending on the color of the first subpixel. To solve this problem, in the image
display device 10, the diffuser 13 illustrated in FIG. 1 is disposed between the first display unit 11 and the second display
unit 121. The diffuser 13 mixes the light emitted from the light source unit 122 to the first display unit 11 via the second
display unit 121 to convert the light to white light. Note that the image display device 10 may be configured not to include
the diffuser 13. For example, in a case where the second display unit 121 includes black and white subpixels as second
subpixels, the image display device 10 may be configured not to include the diffuser 13.
[0030] The control device 14 controls the entire image display device 10. The control device 14 displays an image on
the first display surface D1 and displays a barrier pattern on the second display surface D2. The barrier pattern is an
arrangement of a plurality of slits corresponding to areas including second subpixels transmitting light and barriers
corresponding to areas including second subpixels transmitting no light on the second display surface D2.
[0031] Here, an image such as a still image, a moving image, or the like is displayed on the first display unit 11. In
this example, the first display unit 11 is a transmissive display. Illumination light is emitted from a back surface of the
first display unit 11 to cause the image to be visible to an observer.
[0032] The second display unit 121 irradiates the first display unit 11 with illumination light.
[0033] The first display unit 11 displays a left eye image and a right eye image in different areas within the same frame.
The arrangement of the area of the left eye image and the area of the right eye image within the same frame is referred
to as a right and left image display arrangement.
[0034] The second display unit 121 determines positions for illuminating the first display unit 11 such that the left eye
image displayed on the first display unit 11 is visible to the left eye of the observer and the right eye image displayed
on the first display unit 11 is visible to the right eye of the observer and illuminates the first display unit 11. The arrangement
of the positions for illuminating, by the second display unit 121, the first display unit 11 is referred to as a barrier pattern.
[0035] More specifically, the control device 14 reads first image data including image data recorded on a recording
medium such as a Hard Disk Drive (HDD), a Solid State Drive (SSD), a Compact Disc (CD), or a Digital Versatile Disc
(DVD). The first image data is image data of an image including parallax information. The first image data may be image
data of a moving image or image data of a still image. In an example described below, the first image data is the image
data of the moving image. The control device 14 may be configured to generate the first image data, based on an
operation received from a user, a program recorded on the recording medium, or the like.
[0036] Based on the first image data read from the recording medium, the control device 14 generates, for each frame
of the first image data, left image data including image data for the left eye of the observer H that observes the first
display surface D1 and right image data including image data for the right eye of the observer H. Note that the control
device 14 may be configured to read, instead of being configured to generate the left image data and the right image
data based on the first image data, each of left image data and right image data from the recording medium that stores
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each of the left image data and the right image data in advance. The left image data is an example of the left eye image
data. The right image data is an example of the right eye image data.
[0037] The control device 14 receives, from the user in advance, each of time division number information indicating
the number of time divisions, slit width information indicating the slit width that corresponds to the width of each slit
described above, and slit inclination information indicating the inclination of the slits. Here, as an example, a case in
which the slit width is expressed by the number of subpixels, with the width of each subpixel in the leftward/rightward
direction used as a unit of length is described below. Note that, instead of the number of subpixels, any other value may
be used to represent the slit width. The control device 14 may be configured to store, in advance, some or all of the time
division number information, the slit width information, and the slit inclination information.
[0038] The control device 14 determines right and left image display arrangements based on the number of time
divisions indicated by the received time division number information, the slit width indicated by the received slit width
information, and the inclination of the slits indicated by the received slit inclination information. The right and left image
display arrangements are different from each other, and the number of patterns of the right and left image display
arrangements corresponds to the number of the time divisions. The right and left image display arrangement refers to
an arrangement of left image areas each displaying part of the image indicated by the left image data and right image
areas each displaying part of the image indicated by the right image data, the arrangement being on the first display
surface D1. The control device 14 causes an image of the right and left image display arrangements to be displayed on
the first display surface D1, with the number of patterns corresponding to the number of time divisions. The control
device 14 periodically changes the pattern of the right and left image display arrangement in a predetermined order. For
example, in a case where the number of the time divisions is three, the control device 14 determines three patterns X1
to X3 of the right and left image display arrangements. Then, the control device 14 periodically changes the pattern of
the right and left image display arrangement among the right and left image display arrangements of the patterns X1 to
X3 for each frame of the image displayed on the first display surface D1 in the order of, for example, the pattern X1, the
pattern X2, the pattern X3, and the pattern X1, ... Here, a right and left image display arrangement of a certain pattern,
which is one of the right and left image display arrangements arranged in the predetermined order with the number of
patterns corresponding to the number of the time divisions, is shifted leftward by a slit width from another right and left
image display arrangement of a subsequent pattern that follows the right and left image display arrangement of the
certain pattern. For example, in a case where the number of time divisions is three, the pattern X1 and the pattern X2
are shifted by a slit width from each other, the pattern X2 and the pattern X3 are shifted by the slit width from each other,
and the pattern X3 and the pattern X1 are shifted by the slit width from each other. Each of the patterns of the right and
left image display arrangements is an example of an arrangement pattern for the left image areas of the image display
surface in which the image of the left eye image data is displayed and an arrangement pattern for the right image areas
of the image display surface in which the image of the right eye image data is displayed, respectively.
[0039] Here, in a case of causing an image of a frame to be displayed, the control device 14 causes one image into
which the left eye image and the right eye image are combined to be displayed on the first display surface D1 as the
image of the frame, in accordance with the image indicated by the left image data of the frame, the image indicated by
the right image data of the frame, and the right and left image display arrangement on the first display surface D1. On
the first display surface D1 where the one image is displayed, part of the image indicated by the left image data of the
frame is displayed in the left image areas of the right and left image display arrangement, the part corresponding to the
left image areas, and another part of the image indicated by the right image data of the frame is displayed in the right
image areas of the right and left image display arrangement, the other part corresponding to the right image areas.
[0040] The control device 14 determines barrier patterns based on a distance indicated by the distance information
detected by the distance detection unit 20 described below, the number of time divisions indicated by the received time
division number information, the slit width indicated by the received slit width information, and the inclination of the slits
indicated by the received slit inclination information. The barrier patterns are different from each other, and the number
of patterns of the barrier patterns corresponds to the number of the time divisions. As described above, the barrier pattern
is the arrangement of the plurality of slits corresponding to the areas including the second subpixels transmitting light
and barriers corresponding to areas including second subpixels transmitting no light on the second display surface D2.
The control device 14 causes barrier patterns the number of which corresponds to the number of the time divisions to
be displayed on the second display surface D2. The control device 14 periodically changes the pattern of the barrier
pattern in a predetermined order. For example, in a case where the number of the time divisions is three, the control
device 14 determines three patterns Y1 to Y3 of barrier patterns. In this example, the positions of the slits in the pattern
Y1 are shifted leftward by a slit width from the positions of the corresponding slits in the pattern Y2. The positions of the
slits in the pattern Y2 are shifted leftward by a slit width from the positions of the corresponding slits in the pattern Y3.
[0041] Then, the control device 14 periodically switches among the barrier patterns of the patterns Y1 to Y3 for each
frame of the image displayed on the first display surface D1 in the order of, for example, the pattern Y1, the pattern Y2,
the pattern Y3, and the pattern Y1, ... That is, the control device 14 causes periodic changes in the right and left image
display arrangement on the first display surface D1 and periodic changes in the barrier pattern on the second display
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surface D2 to be synchronized for each frame of the image displayed on the first display surface D1.
[0042] Here, each of the patterns of the barrier pattern is an example of an arrangement pattern for barrier areas of
the illumination arrangement control surface in which illumination light is not generated and an arrangement pattern for
slit areas of the illumination arrangement control surface in which illumination light is generated, respectively. The plurality
of slits, which are areas of the second subpixels transmitting light among the areas on the second display surface D2,
correspond to an example of the slit areas of the illumination arrangement control surface in which illumination light is
generated. The barriers, which are areas of the second subpixels transmitting no light among the areas on the second
display surface D2, correspond to an example of the barrier areas.
[0043] In this way, the control device 14 displays, on the second display surface D2, the barrier pattern corresponding
to the pattern of the right and left image display arrangement of the image displayed on the first display surface D1.
Thus, in the barrier pattern corresponding to a certain pattern of the right and left image display arrangement, in the slits
of the barrier pattern, both the left image areas in the right and left image display arrangement and the right image areas
in the right and left image display arrangement are positioned in a predetermined arrangement. The predetermined
arrangement is defined based on the positions of the eyes of the observer H and is an arrangement such that, for
example, the left half of one slit corresponds to the left image area and the right half of the slit corresponds to the right
image area. Thus, the control device 14 can cause the image of the left image areas arranged in the slits to be visible
to only the left eye of the observer H and cause the image of the right image areas arranged in the slits to be visible to
only the right eye of the observer H.
[0044] In a case where the control device 14 causes the image of the right and left image display arrangement
corresponding to a certain frame to be displayed on the first display surface D1 and causes the barrier pattern corre-
sponding to the pattern of the right and left image display arrangement to be displayed on the second display surface
D2, the observer H observes only parts of the image, the parts overlapping the slits. The control device 14 periodically
changes the barrier pattern along with the right and left image display arrangement. As described above, the positions
of the slits in the barrier patterns differ by a slit width from one another. Thus, for example, in a case where the number
of time divisions is three, the barrier patterns of the patterns Y1 to Y3 are sequentially switched to transmit light through
the entire surface of the first display surface D1. Thus, the control device 14 can cause the entire image displayed on
the first display surface D1 to be visible to the observer H.
[0045] According to the configuration described above, in this example, the image display device 10 can cause an
image to be visible to the observer H, the image being displayed on the first display surface D1 in a stereoscopic manner,
according to the parallax barrier scheme using the time-division. Thus, the image display device 10 can prevent the
brightness of the image displayed on the first display surface D1 from being lower than the desired brightness. However,
in a case where the distance between the first display surface D1 and the position of the eyes of the observer H changes,
the time-division with a relatively small number (for example, less than four) of time divisions is likely to cause crosstalk
to occur in the image display device 10.
[0046] Thus, based on distance information detected by the distance detection unit 20, the control device 14 corrects
the position of each slit in the barrier pattern on the second display surface D2, by using a width that is larger than 0
and smaller than the width of one subpixel as a minimum correction unit. Here, the distance detection unit 20 detects
information corresponding to the relative positions of the eyes of the observer H with respect to the first display surface
D1. The information is, for example, distance information indicating a distance between the first display surface D1 and
a position corresponding to at least one of the eyes of the observer H. Specifically, the control device 14 acquires, from
the distance detection unit 20, the distance information detected by the distance detection unit 20, and based on the
acquired distance information, corrects the position of each slit in the barrier pattern on the second display surface D2,
by using the width that is larger than 0 and smaller than the width of one subpixel as a minimum correction unit.
[0047] Thus, the image display device 10 can prevent the brightness of the image displayed on the first display surface
D1 from being lower than the desired brightness and prevent crosstalk from occurring. As an example, in a case described
below, the distance indicated by the distance information detected by the distance detection unit 20 corresponds to a
distance, in a direction orthogonal to the first display surface D1, between the first display surface D1 and a position
corresponding to both eyes of the observer H (for example, an intermediate position between the left eye and the right
eye). Note that, the distance indicated by the distance information detected by the distance detection unit 20 may be,
instead of the distance, in the direction orthogonal to the first display surface D1, between the first display surface D1
and the position corresponding to both eyes of the observer H (for example, the intermediate position between the left
eye and the right eye), any other distance between the first display surface D1 and a position corresponding to at least
one eye of the observer H.
[0048] As described above, the distance detection unit 20 detects information corresponding to the relative positions
of the eyes of the observer H with respect to the first display surface D1. For example, the distance detection unit 20
detects distance information indicating a distance, in the direction orthogonal to the first display surface D1, between
the first display surface D1 and the position corresponding to both eyes of the observer H (for example, the position
intermediate between the left eye and the right eye). The distance detection unit 20 outputs the detected distance
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information to the control device 14. The distance detection unit 20 detects planar position information indicating a planar
position that is a position corresponding to at least one of the eyes of the observer H and located in a direction along
the first display surface D1. The distance detection unit 20 outputs the detected planar position information to the control
device 14. As an example, in a case described below, the distance detection unit 20 detects, as planar position information,
information indicating a position corresponding to both eyes of the observer and located in the direction along the first
display surface D1.

Barrier Pattern Displayed in Second Display Unit

[0049] A description is given of each of the state of the first display surface D1 and the state of the second display
surface D2 in a case where a barrier pattern of a certain pattern is displayed on the second display surface D2 of the
second display unit 121.
[0050] Here, the barrier pattern displayed on the second display surface D2 by the control device 14 is characterized
by three parameters. That is, the three parameters correspond to the number of time divisions, the slit width, and the
inclination of the slits as described above. Here, of the three parameters, the number of time divisions and the slit width
have a relationship in which determining one of the parameters causes the other parameter to be determined in a case
where the number of pixels (or the number of subpixels) on the second display surface D2 in the leftward/rightward
direction is predetermined. In the following description, regardless of this relationship, the number of time divisions, the
slit width, and the inclination of the slits are referred to as three parameters.
[0051] Here, each slit in the barrier pattern is strip-shaped. The slit width in the barrier pattern indicates the width of
such a strip-shaped slit. The inclination of each slit in the barrier pattern is an inclination expressed by an angle θ between
a tangent on all of a plurality of vertexes (corners) formed on the left sides of the respective slits, and the upward/downward
direction.

Specific Example 1 of Barrier Pattern Formed on Second Display Surface

[0052] Now, with reference to FIG. 2, as an example of the barrier pattern displayed on the second display surface
D2 based on the three parameters as described above, a barrier pattern P1 will be described that corresponds to a
barrier pattern displayed on the second display surface D2 by the control device 14 in a case where the number of time
divisions is three, where the slit width in the barrier pattern is four subpixels, and where the inclination θ of the barrier
pattern is tan-1 (one subpixel/six subpixels).
[0053] Here, in a case described below, each pixel on the second display surface D2 is a square pixel having an
aspect ratio of 1:1, and each subpixel has an aspect ratio of 3:1. Note that no such limitation is intended for the aspect
ratio of each pixel and the aspect ratio of each subpixel.
[0054] Note that, in the following description, the first display surface D1 and the second display surface D2 are each
what is called a color LCD in which each pixel includes subpixels in red, green, and blue.
[0055] FIG. 2 is a diagram illustrating an example of the state of the first display surface D1 and an example of the
state of the second display surface D2 in a case where the barrier pattern P1 is displayed on the second display surface
D2 at a certain timing T1. Each of the rectangles on the first display surface D1 illustrated in FIG. 2 indicates each of a
plurality of first subpixels arranged on the first display surface D1. That is, as illustrated in FIG. 2, the first subpixels are
arranged in a matrix on the first display surface D1. Areas including the first subpixels labeled "L" on the first display
surface D1 illustrated in FIG. 2 correspond to the left image areas described above. Areas including the first subpixels
labeled "R" on the first display surface D1 illustrated in FIG. 2 correspond to the above-described right image areas.
[0056] In a case where the number of time divisions is three, where the slit width in the barrier pattern is four subpixels,
and where the inclination θ of the barrier pattern is tan-1 (one subpixel/six subpixels), the left image areas and right
image areas described above are arranged, for example, according to an arrangement MX1 illustrated in FIG. 2 at a
timing T1. The arrangement MX1 is an example of the right and left image display arrangement on the first display
surface D1. In this example, on the first display surface D1, in each row of a matrix including the first subpixels, a left
image area including six (i.e., half the number of time divisions multiplied by the slit width) consecutive first subpixels
and a right image area including six (i.e., half the number of time divisions multiplied by the slit width) consecutive first
subpixels are periodically arranged in the leftward/rightward direction. Such a periodic arrangement includes subpixels
shifted leftward by one subpixel every other row in the matrix.
[0057] On the other hand, each of the rectangles on the second display surface D2 illustrated in FIG. 2 indicates each
of a plurality of second subpixels arranged on the second display surface D2. That is, as illustrated in FIG. 2, the second
subpixels are arranged in a matrix on the second display surface D2. Each of the hatched second subpixels on the
second display surface D2 illustrated in FIG. 2 indicates a second subpixel transmitting light. Each of the shaded second
subpixels on the second display surface D2 illustrated in FIG. 2 indicates a second subpixel transmitting no light.
[0058] In a case where the number of time divisions is three, where the slit width in the barrier pattern is four subpixels,
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and where the barrier pattern has an inclination θ of tan-1 (one subpixel/six subpixels), the barrier pattern is arranged,
for example, according to an arrangement MX2 illustrated in FIG. 2 at a Timing T1. The arrangement MX2 is an example
of the barrier pattern displayed on the second display surface D2. In this example, on the second display surface D2,
in each row of a matrix including the second subpixels, an area including four consecutive second subpixels transmitting
light and an area including eight consecutive second subpixels transmitting no light are periodically arranged in the
leftward/rightward direction. Such a periodic arrangement includes subpixels shifted leftward by one subpixel every other
row in the matrix.
[0059] In the example illustrated in FIG. 2, at a timing T1, the left image area is arranged in the left half of each slit,
and the right image area is arranged in the right half of the slit, as viewed from the observer H. The left image area is
arranged in the left half of each slit, and the right image area is arranged in the right half of each slit such that, in a case
of periodically changing each of the pattern of the right and left image display arrangement on the first display surface
D1 and the pattern of the barrier pattern on the second display surface D2, the control device 14 can cause the image
in the left image area arranged in each slit to be visible to only the left eye of the observer H and cause the image in the
right image area arranged in each slit to be visible to only the right eye of the observer H. That is, the image display
device 10 can display to the observer H a stereoscopic image based on the parallax barrier scheme using the time-
division in which the number of time divisions is three in a case where the slit width is four subpixels and where the slits
have an inclination θ of tan-1 (one subpixel/six subpixels).
[0060] Here, based on the distance information acquired from the distance detection unit 20, the control device 14
translates leftward or rightward the position of each slit on the second display surface D2 in the barrier pattern to be
displayed on the second display surface D2, to prevent crosstalk from occurring even in a case where the distance
between the first display surface D1 and the eyes of the observer H changes. That is based on the distance information
acquired from the distance detection unit 20, the control device 14 can correct the position of each slit on the second
display surface D2 to prevent crosstalk from occurring. Specifically, for example, by changing the state of the second
display surface D2 illustrated in FIG. 2 to the state of the second display surface D2 illustrated in FIG. 3, the control
device 14 can translate, rightward by half subpixel, the position of each slit on the second display surface D2 illustrated
in FIG. 2.
[0061] FIG. 3 is a diagram illustrating an example of the barrier pattern displayed on the second display surface D2
illustrated in FIG. 2 in a case where the position of each slit in the barrier pattern on the second display surface D2 is
translated rightward by half subpixel. In FIG. 3, each slit in the barrier pattern displayed on the second display surface
D2 illustrated in FIG. 2 is shifted downward by one pixel. At this time, the interval between a tangent L1 on all of a plurality
of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 2, and a tangent L2 on all of a
plurality of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 3 is half subpixel. That is,
by changing the barrier pattern illustrated in FIG. 2 to shift, downward by one pixel, each slit illustrated in FIG. 2, the
control device 14 can translate, rightward by half subpixel, the position, on the second display surface D2, of each slit
illustrated in FIG. 2. By changing the barrier pattern illustrated in FIG. 2 to shift, upward by one pixel, each slit illustrated
in FIG. 2, the control device 14 can translate, leftward by half subpixel, the position, on the second display surface D2,
of each slit illustrated in FIG. 2. According to this method, the control device 14 can translate the position of each slit in
the barrier pattern on the second display surface D2 leftward or rightward in units of half subpixels according to the
distance indicated by the distance information acquired from the distance detection unit 20. Here, the leftward or rightward
direction is an example of the direction orthogonal to the longitudinal direction of the first subpixel. Note that in the
example illustrated in FIG. 3, all of the slits illustrated in FIG. 2 are shifted downward by one pixel but the control device
14 can independently shift each slit illustrated in FIG. 2, upward or downward by one pixel.
[0062] As described above, in the image display device 10, each slit has inclination angle of larger than 0 and smaller
than tan-1 (one subpixel/three subpixels) with respect to the upward/downward direction along the second display surface
D2 (i.e., the upward/downward direction along the irradiation unit 12). Accordingly, the image display device 10 can
correct the position of each slit on the second display surface D2 by using, as a minimum correction unit, a width that
is larger than 0 and smaller than the width of one subpixel.
[0063] Note that in the case where each of the slits displayed on the second display surface D2 has an inclination θ
of tan-1 (one subpixel/three subpixels), the control device 14 can translate the position of each slit in the barrier pattern
on the second display surface D2 leftward or rightward in units of one subpixel. That is, according to the inclination of
the slits indicated by the received slit inclination information, the control device 14 can translate the position, on the
second display surface D2, of each slit in the barrier pattern displayed on the second display surface D2, by a distance
according to the inclination, the distance being larger than 0 and equal to or smaller than one subpixel. Here, the one
subpixel is an example of the distance of the width of the first subpixel. The half subpixel is an example of the distance
that is larger than 0 and equal to or smaller than the width of the first subpixel.
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Specific Example 2 of Barrier Pattern Formed on Second Display Surface

[0064] Now, with reference to FIG. 4, as an example of the barrier pattern displayed on the second display surface
D2 based on the three parameters, a barrier pattern P2 will be described that corresponds to a barrier pattern displayed
on the second display surface D2 by the control device 14 in a case where the number of time divisions is three, where
the slit width in the barrier pattern is four subpixels, and where the inclination θ of the barrier pattern is tan-1 (one
subpixel/nine subpixels).
[0065] FIG. 4 is a diagram illustrating an example of the state of the first display surface D1 and an example of the
state of the second display surface D2 in a case where the barrier pattern P2 is displayed on the second display surface
D2 at a certain timing T2. Each of the rectangles on the first display surface D1 illustrated in FIG. 4 indicates each of a
plurality of first subpixels arranged on the first display surface D1. That is, as illustrated in FIG. 4, the first subpixels are
arranged in a matrix on the first display surface D1. Areas including the first subpixels labeled "L" on the first display
surface D1 illustrated in FIG. 4 corresponds to the left image areas described above. Areas including the first subpixels
labeled "R" on the first display surface D1 illustrated in FIG. 4 corresponds to the right image areas described above.
[0066] In a case where the number of time divisions is three, where the slit width in the barrier pattern is four subpixels,
and where the inclination θ of the barrier pattern is tan-1 (one subpixel/nine subpixels), the left image areas and right
image areas described above are arranged according to an arrangement MX3 illustrated in FIG. 4 at a timing T2. The
arrangement MX3 is an example of the right and left image display arrangement on the first display surface D1. In this
example, on the first display surface D1, in each row of a matrix including the first subpixels, a left image area including
six (i.e., half the number of time divisions multiplied by the slit width) consecutive first subpixels and a right image area
including six (i.e., half the number of time divisions multiplied by the slit width) consecutive first subpixels are periodically
arranged in the leftward/rightward direction. Such a periodic arrangement includes subpixels shifted leftward by one
subpixel every third row in the matrix.
[0067] On the other hand, each of the rectangles on the second display surface D2 illustrated in FIG. 4 indicates each
of the plurality of second subpixels arranged on the second display surface D2. That is, as illustrated in FIG. 4, the
second subpixels are arranged in a matrix on the second display surface D2. Each of the hatched second subpixels on
the second display surface D2 illustrated in FIG. 4 indicates a second subpixel transmitting light. Each of the shaded
second subpixels on the second display surface D2 illustrated in FIG. 4 indicates a second subpixel transmitting no light.
[0068] In a case where the number of time divisions is three, where the slit width in the barrier pattern is four subpixels,
and where the barrier pattern has an inclination θ of tan-1 (one subpixel/nine subpixels), the barrier pattern is arranged,
for example, according to an arrangement MX4 illustrated in FIG. 4 at a Timing T2. The arrangement MX4 is an example
of the barrier pattern displayed on the second display surface D2. In this example, on the second display surface D2,
in each row of a matrix including the second subpixels, an area including four consecutive second subpixels transmitting
light and an area including eight consecutive second subpixels transmitting no light are periodically arranged in the
leftward/rightward direction. Such a periodic arrangement includes subpixels shifted leftward by one subpixel every third
row in the matrix.
[0069] In the example illustrated in FIG. 4, at the timing T2, the left image area is arranged in the left half of each slit
and the right image area is arranged in the right half of the slit, as viewed from the observer H. The left image area is
arranged in the left half of each slit, and the right image area is arranged in the right half of the slit such that, in a case
of periodically changing each of the pattern of the right and left image display arrangement on the first display surface
D1 and the pattern of the barrier pattern on the second display surface D2, the control device 14 can cause the image
in the left image area arranged in the slit to be visible to only the left eye of the observer H and cause the image in the
right image area arranged in the slit to be visible to only the right eye of the observer H. That is, the image display device
10 can display to the observer H a stereoscopic image based on the parallax barrier scheme using the time-division in
which the number of time divisions is three in a case where the slit width is four subpixels and where the slits have an
inclination θ of tan-1 (one subpixel/nine subpixels).
[0070] Here, for example, by changing the state of the second display surface D2 illustrated in FIG. 4 to the state of
the second display surface D2 illustrated in FIG. 5, the control device 14 can translate, rightward by one third subpixel,
the position of each slit on the second display surface D2 illustrated in FIG. 4.
[0071] FIG. 5 is a diagram illustrating an example of the barrier pattern displayed on the second display surface D2
illustrated in FIG. 4 in a case where the position of each slit in the barrier pattern on the second display surface D2 is
translated rightward by one third subpixel. In FIG. 5, each slit in the barrier pattern displayed on the second display
surface D2 illustrated in FIG. 4 is shifted downward by one pixel. At this time, the interval between a tangent L3 on all
of a plurality of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 4, and a tangent L4
on all of a plurality of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 5 is one third
subpixel. That is, by changing the barrier pattern illustrated in FIG. 4 to shift, downward by one pixel, each slit illustrated
in FIG. 4, the control device 14 can translate, rightward by one third subpixel, the position, on the second display surface
D2, of each slit illustrated in FIG. 4. By changing the barrier pattern illustrated in FIG. 4 to shift, upward by one pixel,



EP 3 723 366 A1

13

5

10

15

20

25

30

35

40

45

50

55

each slit illustrated in FIG. 4, the control device 14 can translate, leftward by one third subpixel, the position, on the
second display surface D2, of each slit illustrated in FIG. 4. According to this method, the control device 14 can translate
the position of each slit in the barrier pattern on the second display surface D2 leftward or rightward in units of one third
subpixels according to the distance indicated by the distance information acquired from the distance detection unit 20.
Here, the leftward or rightward direction is an example of the direction orthogonal to the longitudinal direction of the first
subpixel. Note that in the example illustrated in FIG. 5, all of the slits illustrated in FIG. 4 are shifted downward by one
pixel but the control device 14 can independently shift each slit illustrated in FIG. 4, upward or downward by one pixel.
Thus, the image display device 10 can display a stereoscopic image to the observer H while more reliably suppressing
crosstalk. The one third subpixel is an example of the distance that is larger than 0 and equal to or smaller than the
width of the first subpixel.

Specific Example 3 of Barrier Pattern Formed on Second Display Surface

[0072] Here, as a modified example, a barrier pattern will be described that is formed on the second display surface
in a case where the image display device 10 is an image display device that displays a stereoscopic image based on a
parallax barrier scheme using time division in which the number of time divisions is four or larger. Now, with reference
to FIG. 6, as an example of the barrier pattern displayed on the second display surface D2 based on the three parameters,
a barrier pattern P3 will be described that corresponds to a barrier pattern displayed on the second display surface D2
by the control device 14 in a case where the number of time divisions is four, where the slit width in the barrier pattern
is two subpixels, and where the inclination θ of the barrier pattern is tan-1 (one subpixel/six subpixels).
[0073] FIG. 6 is a diagram illustrating an example of the state of the first display surface D1 and an example of the
state of the second display surface D2 in a case where the barrier pattern P3 is displayed on the second display surface
D2 at a certain timing T3. Each of the rectangles on the first display surface D1 illustrated in FIG. 6 indicates each of a
plurality of first subpixels arranged on the first display surface D1. That is, as illustrated in FIG. 6, the first subpixels are
arranged in a matrix on the first display surface D1. Areas including the first subpixels labeled "L" on the first display
surface D1 illustrated in FIG. 6 correspond to the left image areas described above. Areas including the first subpixels
labeled "R" on the first display surface D1 illustrated in FIG. 6 correspond to the right image areas described above.
[0074] In a case where the number of time divisions is four, where the slit width in the barrier pattern is two subpixels,
and where the inclination θ of the barrier pattern is tan-1 (one subpixel/six subpixels), the above-described left image
areas and right image areas are arranged, for example, according to an arrangement MX5 illustrated in FIG. 6 at a timing
T3. The arrangement MX5 is an example of the right and left image display arrangement on the first display surface D1.
In this example, on the first display surface D1, in each row of a matrix including the first subpixels, a left image area
including four (i.e., half the number of time divisions multiplied by the slit width) consecutive first subpixels and a right
image area including four (i.e., half the number of time divisions multiplied by the slit width) consecutive first subpixels
are periodically arranged in the leftward/rightward direction. Such a periodic arrangement includes subpixels shifted
leftward by one subpixel every other row in the matrix.
[0075] On the other hand, each of the rectangles on the second display surface D2 illustrated in FIG. 6 indicates each
of the plurality of second subpixels arranged on the second display surface D2. That is, as illustrated in FIG. 6, the
second subpixels are arranged in a matrix on the second display surface D2. Each of the hatched second subpixels on
the second display surface D2 illustrated in FIG. 6 indicates a second subpixel transmitting light. Each of the shaded
second subpixels on the second display surface D2 illustrated in FIG. 6 indicates a second subpixel transmitting no light.
[0076] In a case where the number of time divisions is four, where the slit width in the barrier pattern is two subpixels,
and where the barrier pattern has an inclination θ of tan-1 (one subpixel/six subpixels), the barrier pattern is arranged,
for example, according to an arrangement MX6 illustrated in FIG. 6 at a Timing T3. The arrangement MX6 is an example
of the barrier pattern displayed on the second display surface D2. In this example, on the second display surface D2,
in each row of a matrix including the second subpixels, an area including two consecutive second subpixels transmitting
light and an area including six consecutive second subpixels transmitting no light are periodically arranged in the left-
ward/rightward direction. Such a periodic arrangement includes subpixels shifted leftward by one subpixel every other
row in the matrix.
[0077] In the example illustrated in FIG. 6, at the timing T3, the left image area is arranged in the left half of each slit
and the right image area is arranged in the right half of the slit, as viewed from the observer H. The left image area is
arranged in the left half of each slit, and the right image area is arranged in the right half of the slit such that, in a case
of periodically changing each of the pattern of the right and left image display arrangement on the first display surface
D1 and the pattern of the barrier pattern on the second display surface D2, the control device 14 can cause the image
in the left image area arranged in the slit to be visible to only the left eye of the observer H and cause the image in the
right image area arranged in the slit to be visible to only the right eye of the observer H. That is, the image display device
10 can display to the observer H a stereoscopic image based on the parallax barrier scheme using the time-division in
which the number of time divisions is four in a case where the slit width is two subpixels and where the slits have an
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inclination θ of tan-1 (one subpixel/six subpixels).
[0078] Here, for example, by changing the state of the second display surface D2 illustrated in FIG. 6 to the state of
the second display surface D2 illustrated in FIG. 7, the control device 14 can translate, rightward by half subpixel, the
position of each slit on the second display surface D2 illustrated in FIG. 6.
[0079] FIG. 7 is a diagram illustrating an example of the barrier pattern displayed on the second display surface D2
illustrated in FIG. 6 in a case where the positions of slits in the barrier pattern on the second display surface D2 are
translated rightward by half subpixel. In FIG. 7, each slit in the barrier pattern displayed on the second display surface
D2 illustrated in FIG. 6 is shifted downward by one pixel. At this time, the interval between a tangent L5 on all of a plurality
of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 6 and a tangent L6 on all of a
plurality of vertexes (corners) formed on the left sides of the respective slits illustrated in FIG. 7 is half subpixel. That is,
by changing the barrier pattern illustrated in FIG. 6 to shift, downward by one pixel, each slit illustrated in FIG. 6, the
control device 14 can translate, rightward by half subpixel, the position, on the second display surface D2, of each slit
illustrated in FIG. 6. By changing the barrier pattern illustrated in FIG. 6 to shift, upward by one pixel, each slit illustrated
in FIG. 6, the control device 14 can translate, leftward by half subpixel, the position, on the second display surface D2,
of each slit illustrated in FIG. 6. According to this method, the control device 14 can translate the position of each slit in
the barrier pattern on the second display surface D2 leftward or rightward in units of half subpixels according to the
distance indicated by the distance information acquired from the distance detection unit 20. Here, the leftward or rightward
direction is an example of the direction orthogonal to the longitudinal direction of the first subpixel. Note that in the
example illustrated in FIG. 7, all of the slits illustrated in FIG. 6 are shifted downward by one pixel but the control device
14 can independently shift each slit illustrated in FIG. 6, upward or downward by one pixel. Thus, the image display
device 10 can display a stereoscopic image to the observer H while more reliably suppressing crosstalk. The half subpixel
is an example of the distance that is larger than 0 and equal to or smaller than the width of the first subpixel.
[0080] As described above, in the image display device 10, each slit has inclination angle of larger than 0 and smaller
than tan-1 (one subpixel/three subpixels) with respect to the upward/downward direction along the second display surface
D2 (i.e., the upward/downward direction along the irradiation unit 12). Accordingly, the image display device 10 can
correct the position of each slit on the second display surface D2 by using, as a minimum correction unit, a width that
is larger than 0 and smaller than the width of one subpixel.

Functional Configuration of Control Device

[0081] With reference to FIG. 8, a functional configuration of the control device 14 will be described below. FIG. 8 is
a diagram illustrating an example of a functional configuration of the control device 14.
[0082] The control device 14 includes a controller 140 and a storage unit 150.
[0083] The controller 140 controls the entire control device 14. The controller 140 includes a reading unit 141, an
acquisition unit 142, a generation unit 143, a correction unit 144, and a drive controller 145. These functional units
included in the controller 140 are implemented, for example, by a Central Processing Unit (CPU) (not illustrated) executing
various programs stored in the storage unit 150, which will be described below. Some or all of the functional units may
be hardware functional units such as Application Specific Standard Products (ASSPs) or Application Specific Integrated
Circuits (ASICs).
[0084] The reading unit 141 reads out various information stored in advance in the storage unit 150 by a user.
[0085] The acquisition unit 142 acquires, from the distance detection unit 20, distance information indicating the
distance detected by the distance detection unit 20.
[0086] The generation unit 143 generates left image data and right image data based on the first image data read
from the storage unit 150 by the reading unit 141.
[0087] Based on the distance information acquired by the acquisition unit 142 from the distance detection unit 20, the
correction unit 144 translates, leftward or rightward by a distance according to the distance indicated by the distance
information, each of the slits in the barrier pattern displayed on the second display surface D2 by the drive controller
145 described below.
[0088] The drive controller 145 causes an image to be displayed on the first display surface D1 of the first display unit
11 based on the three parameters received from the user and the left image data and the right image data generated
by the generation unit 143. The drive controller 145 acquires distance information from the distance detection unit 20.
The drive controller 145 causes a barrier pattern to be displayed on the second display surface D2 of the second display
unit 121 based on the distance indicated by the distance information acquired from the distance detection unit 20 and
the three parameters received from the user.

Processing for Displaying Barrier Pattern on Second Display Surface

[0089] With reference to FIG. 9, a process in which the control device 14 causes the barrier pattern to be displayed
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on the second display surface D2 will be described below. FIG. 9 is a diagram illustrating an example of a flowchart of
the process in which the control device 14 causes the barrier pattern to be displayed on the second display surface D2.
Note that, in a case described with reference to the flowchart illustrated in FIG. 9, at a timing before processing in step
S110 is performed, the control device 14 receives the three parameters described above from the user.
[0090] The acquisition unit 142 acquires, from the distance detection unit 20, the distance information detected by the
distance detection unit 20, and acquires, from the distance detection unit 20, the planar position information detected
by the distance detection unit 20 (step S110).
[0091] Next, the drive controller 145 determines a barrier pattern of a pattern to be displayed on the second display
surface D2 based on the distance indicated by the distance information acquired by the acquisition unit 142 in step S110
and the three parameters received in advance from the user (step S120). Note that a calculation method described with
reference to FIG. 11 is used for calculation used to determine the barrier pattern in step S120.
[0092] Next, the drive controller 145 corrects the position, on the second display surface D2, of each slit in the barrier
pattern of the pattern determined in step S120 by translating the position in a direction corresponding to the planar
position indicated by the planar position information acquired by the acquisition unit 142 in step S110, by a distance
corresponding to the planar position (step S130). Note that the processing in step S130 may be performed by a known
method or a method to be developed in the future, and thus description of the processing is omitted.
[0093] Next, the drive controller 145 causes the barrier pattern in which the position of each slit on the second display
surface D2 is corrected in step S130 to be displayed on the second display surface D2 (step S140).
[0094] Next, the drive controller 145 determines whether an image display termination operation has been received
from the user or not, the image display termination operation being an operation to terminate the display of an image
on the image display device 10 (step S150). In a case where the drive controller 145 determines that the image display
termination operation has not been received from the user (NO in step S150), the acquisition unit 142 transitions to step
S110 and acquires distance information and planar position information from the distance detection unit 20 again. On
the other hand, in a case of determining that the image display termination operation has been received from the user
(step S150-YES), the drive controller 145 terminates the processing.

Processing for Displaying Image on First Display Surface

[0095] With reference to FIG. 10, processing in which the control device 14 causes an image to be displayed on the
first display surface D1 will be described below. FIG. 10 is a diagram illustrating an example of a flowchart of processing
in which the control device 14 causes an image to be displayed on the first display surface D1. Note that, in a case
described with reference to the flowchart illustrated in FIG. 10, at a timing before processing in step S210 is performed,
the control device 14 receives the three parameters described above from the user. The processing in the flowchart
illustrated in FIG. 10 is synchronized, for each frame, with the processing in the flowchart illustrated in FIG. 9, as described
above.
[0096] The reading unit 141 reads, from the recording medium, the first image data stored in the recording medium
(step S210). As described above, the first image data is image data of an image including parallax information. Here,
the reading unit 141 reads the first image data stored in the recording medium from a built-in recording medium in the
control device 14, an information reading device for reading information from the built-in recording medium in the control
device 14, an information reading device externally connected to the control device 14, or the like.
[0097] Next, the generation unit 143 generates left image data and right image data described above based on the
first image data read by the reading unit 141 in step S210 (step S220).
[0098] Next, the drive controller 145 determines the pattern of the right and left image display arrangement based on
the three parameters received in advance from the user. Then, the drive controller 145 causes an image to be displayed
on the first display surface D1 based on the right and left image display arrangement of the determined pattern and the
left image data and the right image data generated by the generation unit 143 in step S220 (step S230).
[0099] Next, the drive controller 145 determines whether the image display termination operation described above
has been received from the user (step S240). In a case where the drive controller 145 determines that the image display
termination operation has not been received from the user (NO in step S240), the reading unit 141 transitions to step
S210, and reads the first image data from the recording medium again. On the other hand, in a case where the drive
controller 145 determines that the image display termination operation has been received from the user (YES in step
S240), the drive controller 145 terminates the processing.

Method for Distance Calculation according to Distance Indicated by Distance Information

[0100] Here, in step S130 illustrated in FIG. 9, a method for calculating the position of each slit in the barrier pattern
will be described, the method being used when a barrier pattern to be displayed on the second display surface D2 is
determined.
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[0101] FIG. 11 is a diagram for illustrating a method for calculating, when a barrier pattern to be displayed on the
second display surface D2 is determined, the positions of the slits in the barrier pattern. An eye HE illustrated in FIG.
11 represents an example of the position of one of both eyes of the observer H. A distance D illustrated in FIG. 11 is an
example of a distance detected by the distance detection unit 20. In the example illustrated in FIG. 11, the distance D
is a distance between the position of the one eye and the first display surface D1, in the direction orthogonal to the first
display surface D1. A distance d illustrated in FIG. 11 represents an example of the distance between the first display
unit 11 and the second display unit 121. s in FIG. 11 represents a real number used in a case where the inclination θ
indicated by the slit inclination information received by the control device 14 in advance from the user is tan-1 (one
subpixel/three subpixels 3 s). For example, for θ = tan-1 (one subpixel/six subpixels), s is 2. p represents the width of
one subpixel. Each of lines E1 to E4 illustrated in FIG. 11 represents a line of sight from the one eye to each of four
visible first subpixels. Xp in FIG. 11 represents, by using the distance p as a unit, the distance from a first subpixel visible
to the one eye to another first subpixel that is closest to the first subpixel and visible to the one eye. Here, the intersection
between each of the lines E1 to E4 in FIG. 11 and the first display surface D1 indicates the position of the first subpixel
on the first display surface D1 as viewed from the position of the eye HE. The intersection between each of the lines E1
to E4 and the second display surface D2 indicates the position of the slit on the second display surface D2 as viewed
from the position of the eye HE. From the similarity of the triangles formed by combination of two of lines E1 to E4
illustrated in FIG. 11, Equation (1) is derived as follows:

[0102] When Equation (1) above is solved for X, X is expressed by Equation (2) below.

[0103] Here, the real number s is a value that is predetermined from the inclination indicated by the slit inclination
information received by the user. The distance d is a value that is predetermined in a design phase of the image display
device 10. That is, the X changes depending on the distance D. Accordingly, the correction unit 144 can determine a
barrier pattern by translating each slit leftward or rightward for each value of (D/(s 3 d)) according to the distance D.
Note that the amount of translation of each slit may be alternatively calculated by any other method.

Suppression of Crosstalk by Correction of Barrier Pattern

[0104] The suppression of crosstalk by the correction of the barrier pattern described above is guaranteed by Equation
(3) indicated below.
[Formula 1] 

[0105] Equation (3) is already known. Thus, a document containing a detailed description of Equation (3) is cited here,
and description of Equation (3) is omitted.
[0106] Examples of the document containing a detailed description of Equation (3) include "H. Kakeya, H. Takahashi,
and K. Okada. "Parallax based autostereoscopic display with a deep viewing zone," Proc. IDW, 3DSA3/3D3-2, 2016."
[0107] ΔL and ΔR in Equation (3) above are values for indicating the area widths over which the left eye image and
the right eye image are respectively visible to each of the left and right eyes without crosstalk, and larger values of ΔL
and ΔR enable stereoscopic viewing with less crosstalk. α is the aperture ratio of the slits and is a value determined
depending on devices constituting the first display unit 11 and the second display unit 121. β is half of the moving unit
of the barrier pattern based on the slit width as described above. In a case where the slit width is four subpixels, β = 1/8
for one-subpixel translation being a minimum movement unit. In a case where θ = tan-1 (one subpixel/nine subpixels),
β = 1/24 because 1/3 subpixel translation is enabled. Note that the document described above states that positive values
of ΔL and ΔR provide viewing zones without crosstalk and that larger values of ΔL and ΔR increase an allowable range
for movement in the depth direction of the head.
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Modified Examples of Embodiments

[0108] The image display device 10 described above may include, in addition to the distance detection unit 20, a
brightness detection unit configured to detect the brightness of ambient light in a room in which the image display device
10 is installed. In this case, the control device 14 changes the number of time divisions indicated by the time division
number information received from the user to a number corresponding to the brightness detected by the brightness
detection unit. Accordingly, the control device 14 can change, in accordance with the ambient light in the room, the
brightness of the image displayed on the first display surface D1 of the first display unit 11 to a brightness corresponding
to the ambient light. As a result, the control device 14 can more reliably prevent the brightness of the image displayed
on the first display surface D1 from being lower than the desired brightness.
[0109] In the image display device 10 described above, the second display unit 121 may be arranged relative to the
first display unit 11 such that the sequence of the first subpixels on the first display surface D1 corresponding to each
of red, green, and blue is the reverse of the sequence of the second subpixels on the second display surface D2
corresponding to each of red, green, and blue. In this case, in the image display device 10, for example, in a case where
an image with nine viewpoints is displayed around each of the right eye of the observer H and the left eye of the observer
H, image display for a total of 18 viewpoints can be achieved by causing the three colors to express light rays in different
directions and performing time-division in which the number of time divisions is six.
[0110] Here, the irradiation unit 12 described above is an example of a transmissive irradiation unit. However, instead
of the transmissive irradiation unit, the irradiation unit 12 may be a self-luminous irradiation unit. For example, the
irradiation unit 12 may be a self-luminous irradiation device including light sources emitting light and provided at positions
corresponding to the respective first subpixels arranged on the first display surface D1. In this case, the barrier pattern
described above indicates the arrangement of barriers corresponding to areas emitting no light and slits corresponding
to areas emitting light. That is, in this case, the control device 14 controls the first display unit 11 to periodically change
the right and left image display arrangement among the right and left image display arrangements of a plurality of patterns
that are different from each other, such that an image indicated by the left image data and an image indicated by the
right image data are displayed on the first display surface D1 and controls the irradiation unit 12 to periodically change
the barrier pattern among the barrier patterns of a plurality of patterns that are different from each other, the barrier
pattern corresponding to the arrangement of the barriers including areas emitting no light and the slits including areas
emitting light. That is, in the irradiation unit 12, each of the areas including the second subpixels transmitting light and
the areas emitting light is an example of the area emitting light. In the irradiation unit 12, each of the areas including the
second subpixels transmitting no light and the areas emitting no light is an example of the area emitting light.
[0111] As described above, the image display device 10 is the image display device 10 for displaying a stereoscopic
image based on a parallax barrier scheme using time-division, the image display device including a plurality of display
elements (in this example, the first subpixels) arranged in a matrix on an image display surface of a transmissive type
(in this example, the first display surface D1), a plurality of illumination arrangement control elements (in this example,
the second subpixels) arranged in a matrix on an illumination arrangement control surface (in this example, the second
display surface D2) configured to variably control arrangement, on the image display surface, of illumination light emitted
from a back surface of the image display surface to the image display surface, and a controller (in this case, the control
device 14) configured to control the plurality of display elements based on left eye image data (in this example, the left
image data) and right eye image data (in this example, the right image data) and control the plurality of illumination
arrangement control elements based on an image displayed on the image display surface and a relative positional
relationship between a position of the image display surface and a position of an observer (in this example, the observer
H) observing the image display surface, wherein each of the plurality of illumination arrangement control elements on
the illumination arrangement control surface is controlled by using a subpixel as a minimum control unit, and the controller
is configured to control the plurality of display elements by changing, based on the number of divisions in the time-
division (in this case, the number of time divisions), an arrangement pattern (in this example, the pattern of the right and
left image display arrangement) for left image areas of the image display surface in which an image of the left eye image
data is displayed and an arrangement pattern for right image areas of the image display surface in which an image of
the right eye image data is displayed, respectively, control the plurality of illumination arrangement control elements by
changing, in accordance with a change in the arrangement pattern (in this case, the pattern of the barrier pattern) on
the image display surface, an arrangement pattern for barrier areas (in this case, the barriers) of the illumination ar-
rangement control surface in which the illumination light is not generated and an arrangement pattern for slit areas (in
this case, the slits) of the illumination arrangement control surface in which the illumination light is generated, respectively,
and acquire distance information indicating a distance between at least one eye of the observer and the image display
surface and corrects, based on the distance information acquired, a relative positional relationship between the slit areas
and the image displayed on the image display surface, by using a width larger than 0 and smaller than a width of one
subpixel as a minimum correction unit. Thus, the image display device 10 can suppress image interference between
the left eye and the right eye, and as a result, the number of divisions in the time-division can be set to less than four,
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thus allowing the ratio between display luminance and power to be improved. The image display device 10 can prevent
the brightness of the image displayed on the display surface of the first display unit from being lower than the desired
brightness and prevent crosstalk from occurring.
[0112] Note that the image display device 10 described above may be configured to perform correction according to
movement of viewpoint of the observer (change in the positions of the right eye and the left eye), for example, by using
the image displayed on the first display surface D1 or by using both the first display surface D1 and the second display
surface D2.
[0113] The embodiments of the present invention have been described in detail with reference to the drawings, but
the specific configuration is not limited to the embodiments, and changes, substitutions, deletions, and the like may be
made without departing from the gist of the present invention.
[0114] A program for implementing the functions of any of the components of the device described above (for example,
the image display device 10 and the control device 14) may be recorded in a computer readable recording medium, and
the program may be loaded into a computer system and executed. Note that the "computer system" as used herein
includes hardware such as an Operating System (OS) and a peripheral device. The "computer readable recording
medium" refers to a portable medium such as a flexible disk, a magneto-optical disk, a ROM, or a Compact Disk
(CD)-ROM, and a storage device such as a hard disk built into a computer system. Furthermore, the "computer readable
recording medium" includes a medium that holds a program for a certain period of time, such as a volatile memory (RAM)
within a computer system serving as a server or a client in a case where the program is transmitted over a network such
as the Internet or a communication channel such as a telephone line.
[0115] The program described above may be transmitted from a computer system that stores the program in a storage
device or the like to another computer system via a transmission medium, or by transmission waves in the transmission
medium. Here, the "transmission medium" for transmitting the program refers to a medium having a function of transmitting
information, for example, a network (communication network) such as the Internet or a communication channel (com-
munication line) such as a telephone line.
[0116] The program described above may be configured to implement some of the functions described above. Fur-
thermore, the program described above may be a so-called differential file (differential program) that can implement the
functions described above when combined with a program already recorded in a computer system.

Reference Signs List

[0117]

1 Image display system
10 Image display device
11 First display unit
12 Irradiation unit
13 Diffuser
14 Control device
20 Distance detection unit
121 Second display unit
122 Light source unit
140 Controller
141 Reading unit
142 Acquisition unit
143 Generation unit
144 Correction unit
145 Drive controller
150 Storage unit
D1 First display surface
D2 Second display surface
H Observer

Claims

1. An image display device for displaying a stereoscopic image based on a parallax barrier scheme using time-division,
the image display device comprising:
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a plurality of display elements arranged in a matrix on an image display surface of a transmissive type;
a plurality of illumination arrangement control elements arranged in a matrix on an illumination arrangement
control surface configured to variably control arrangement, on the image display surface, of illumination light
emitted from a back surface of the image display surface to the image display surface; and
a controller configured to control the plurality of display elements based on left eye image data and right eye
image data and control the plurality of illumination arrangement control elements based on an image displayed
on the image display surface and a relative positional relationship between a position of the image display
surface and a position of an observer observing the image display surface, wherein
each of the plurality of illumination arrangement control elements on the illumination arrangement control surface
is controlled by using a subpixel as a minimum control unit, and
the controller is configured to:

control an arrangement pattern for left image areas of the image display surface in which an image of the
left eye image data is displayed and an arrangement pattern for right image areas of the image display
surface in which an image of the right eye image data is displayed, respectively,
control the plurality of illumination arrangement control elements by changing, in accordance with a change
in the arrangement pattern on the image display surface, an arrangement pattern for barrier areas of the
illumination arrangement control surface in which the illumination light is not generated and an arrangement
pattern for slit areas of the illumination arrangement control surface in which the illumination light is gener-
ated, respectively, and
acquire positional information including a distance between at least one eye of the observer and the image
display surface and corrects, based on the positional information acquired, a relative positional relationship
between the slit areas and the image displayed on the image display surface, by using a width larger than
0 and smaller than a width of one subpixel as a minimum correction unit.

2. The image display device according to claim 1, wherein
the number of divisions in the time-division is smaller than four.

3. The image display device according to claim 1 or 2, wherein
the slit areas have inclination angle of larger than 0 and smaller than tan-1 (1/3) with respect to an upward/downward
direction along the illumination arrangement control surface.

4. The image display device according to any one of claims 1 to 3, wherein
each of the plurality of display elements includes a red subpixel, a green subpixel, and a blue subpixel,
each of the plurality of illumination arrangement control elements includes a red subpixel, a green subpixel, and a
blue subpixel, and
the plurality of display elements on the image display surface and the plurality of illumination arrangement control
elements on the illumination arrangement control surface are arranged such that a sequence of the red subpixel,
the green subpixel, and the blue subpixel on the image display surface is the reverse of a sequence of the red
subpixel, the green subpixel, and the blue subpixel on the illumination arrangement control surface.

5. The image display device according to any one of claims 1 to 4, wherein
information indicating brightness of ambient light is acquired, and the number of divisions in the time-division is
changed in accordance with the brightness indicated by the acquired information.

6. An image display method for an image display device for displaying a stereoscopic image based on a parallax barrier
scheme using time-division, the image display device including a plurality of display elements arranged in a matrix
on an image display surface of a transmissive type, a plurality of illumination arrangement control elements arranged
in a matrix on an illumination arrangement control surface configured to variably control arrangement, on the image
display surface, of illumination light emitted from a back surface of the image display surface to the image display
surface, and a controller configured to control the plurality of display elements based on left eye image data and
right eye image data and control the plurality of illumination arrangement control elements based on an image
displayed on the image display surface and a relative positional relationship between a position of the image display
surface and a position of an observer observing the image display surface, each of the plurality of illumination
arrangement control elements on the illumination arrangement control surface being controlled by using a subpixel
as a minimum control unit, the image display method comprising:

controlling an arrangement pattern for left image areas of the image display surface in which an image of the
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left eye image data is displayed and an arrangement pattern for right image areas of the image display surface
in which an image of the right eye image data is displayed, respectively;
controlling the plurality of illumination arrangement control elements by changing, in accordance with a change
in the arrangement pattern on the image display surface, an arrangement pattern for barrier areas of the illu-
mination arrangement control surface in which the illumination light is not generated and an arrangement pattern
for slit areas of the illumination arrangement control surface in which the illumination light is generated, respec-
tively; and
acquiring positional information including a distance between at least one eye of the observer and the image
display surface and correcting, based on the positional information acquired, a relative positional relationship
between the slit areas and the image displayed on the image display surface, by using a width larger than 0
and smaller than a width of one subpixel as a minimum correction unit.

7. An image display system comprising: an image display device configured to display a stereoscopic image based
on a parallax barrier scheme using time-division; and a distance detection unit, wherein
the image display device includes:

a plurality of display elements arranged in a matrix on an image display surface of a transmissive type;
a plurality of illumination arrangement control elements arranged in a matrix on an illumination arrangement
control surface configured to variably control arrangement, on the image display surface, of illumination light
emitted from a back surface of the image display surface to the image display surface; and
a controller configured to control the plurality of display elements based on left eye image data and right eye
image data and control the plurality of illumination arrangement control elements based on an image displayed
on the image display surface and a relative positional relationship between a position of the image display
surface and a position of an observer observing the image display surface, wherein
each of the plurality of illumination arrangement control elements on the illumination arrangement control surface
is controlled by using a subpixel as a minimum control unit,
the distance detection unit detects distance information indicating a distance between at least one eye of the
observer and the image display surface, and
the controller is configured to:

control an arrangement pattern for left image areas of the image display surface in which an image of the
left eye image data is displayed and an arrangement pattern for right image areas of the image display
surface in which an image of the right eye image data is displayed, respectively,
control the plurality of illumination arrangement control elements by changing, in accordance with a change
in the arrangement pattern on the image display surface, an arrangement pattern for barrier areas of the
illumination arrangement control surface in which the illumination light is not generated and an arrangement
pattern for slit areas of the illumination arrangement control surface in which the illumination light is gener-
ated, respectively, and
acquire positional information including the distance between at least one eye of the observer and the image
display surface and corrects, based on the positional information acquired, a relative positional relationship
between the slit areas and the image displayed on the image display surface, by using a width larger than
0 and smaller than a width of one subpixel as a minimum correction unit.

8. An image display device for displaying a stereoscopic image based on a parallax barrier scheme using time-division,
the image display device comprising:

a plurality of display elements arranged in a matrix on an image display surface of a transmissive type;
a plurality of illumination arrangement control elements arranged in a matrix on an illumination arrangement
control surface configured to variably control arrangement, on the image display surface, of illumination light
emitted from a back surface of the image display surface to the image display surface; and
a controller configured to control the plurality of display elements based on left eye image data and right eye
image data and control the plurality of illumination arrangement control elements based on an image displayed
on the image display surface and a relative positional relationship between a position of the image display
surface and a position of an observer observing the image display surface, wherein
each of the plurality of display elements on the image display surface is controlled by using a subpixel as a
minimum control unit, and
the controller is configured to:
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control an arrangement pattern for left image areas of the image display surface in which an image of the
left eye image data is displayed and an arrangement pattern for right image areas of the image display
surface in which an image of the right eye image data is displayed, respectively,
control the plurality of illumination arrangement control elements by changing, in accordance with a change
in the arrangement pattern on the image display surface, an arrangement pattern for barrier areas of the
illumination arrangement control surface in which the illumination light is not generated and an arrangement
pattern for slit areas of the illumination arrangement control surface in which the illumination light is gener-
ated, respectively, and
acquire positional information including a distance between at least one eye of the observer and the image
display surface, and corrects, based on the positional information acquired, positions of the slit areas on
the image display surface as viewed by the observer, by using a width larger than 0 and smaller than a
width of one subpixel as a minimum correction unit.
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