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and a viewing area separator disposed on a front
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a plurality of optical views having different view-
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figured to render a plurality of image views having
different viewpoints based on a depth of an input
image and provide a multiview image by arranging
the plurality of image views on the display panel in
an arrangement pattern. The processor is further
contigured to determine, based on the arrangement
pattern, an estimated crosstalk occurring between
the plurality of image views having the different
viewpoints, correct the plurality of image views by
performing crosstalk inverse compensation accord-
ing to the estimated crosstalk, and provide the mul-
N tiview image based on the crosstalk inverse com-
. pensation.

(
DISPLAY
PANEL

(
VIEWING AREA
SEPARATION UNIT




WO 2017/065517 PCT/KR2016/011483

Description

Title of Invention: 3D DISPLLAY APPARATUS AND CONTROL
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METHOD THEREOF
Technical Field

Apparatuses and methods consistent with exemplary embodiments relate to an au-
tostereoscopic three-dimensional (3D) display apparatus and a control method thereof,
and more particularly, to a 3D display apparatus which provides a 3D image by

rendering more image views than optical views, and a control method thereof.

Background Art

With the development of electronic technology, various types of electronic ap-
paratuses have been developed and become widespread. In particular, display ap-
paratuses, such as televisions (TVs), which are one of the most commonly used home
appliances, have been rapidly developed in recent years.

With improved performance of display apparatuses, the type of content available to
be displayed has increased. In particular, stereoscopic display systems capable of
displaying three-dimensional (3D) content have recently been developed and become
widespread.

The stereoscopic display apparatuses may be implemented within various types of
display apparatuses, such as a monitor, a portable phone, a personal digital assistant
(PDA), a personal computer (PC), a set-top PC, a tablet PC, an electronic photo frame,
a kiosk, or a 3D TV. The 3D display technology may be used in homes, as well as in
various fields necessary for 3D imaging such as science, medicine, design, education,
advertising, or computer gaming.

The stereoscopic display systems may be categorized as autostereoscopic systems
that allow a user to view 3D images without glasses and stereoscopic systems that
require a user to wear glasses to view 3D images.

The stereoscopic system may provide a satisfactory 3D effect, but inconvenience the
viewer by requiring glasses. In comparison, the autostereoscopic system does not
require a user to wear glasses to view 3D images, and thus there has been steady de-
velopment of autostereoscopic systems.

Image quality of a 3D image may be affected by contrast, flicker, crosstalk, or the
like in the autostereoscopic system. Crosstalk is a phenomenon where left-eye and
right-eye images are mixed. For example, a left-eye image may be mixed with a right-
eye image and viewed through the right eye, or the right-eye image may be mixed with
the left-eye image and viewed through the left eye. The sharpness of the 3D image may
be degraded due to the crosstalk.
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Disclosure of Invention

Technical Problem

Exemplary embodiments may overcome the above disadvantages and other disad-
vantages not described above. Also, an exemplary embodiment is not required to
overcome the disadvantages described above, and an exemplary embodiment may not
overcome any of the problems described above.

Solution to Problem

According to an aspect of an exemplary embodiment, there is provided a three-
dimensional (3D) display apparatus including: a display including a display panel and
a viewing area separator disposed on a front side of the display panel and configured to
provide a plurality of optical views having different viewpoints to a viewing zone; and
a processor configured to render a plurality of image views having different viewpoints
based on a depth of an input image and provide a multiview image by arranging the
plurality of image views on the display panel in an arrangement pattern. The processor
is further configured to determine, based on the arrangement pattern, an estimated
crosstalk occurring between the plurality of image views having the different
viewpoints, correct the plurality of image views by performing crosstalk inverse com-
pensation according to the estimated crosstalk, and provide the multiview image based
on the crosstalk inverse compensation.

A number of the plurality of image views may be greater than a number of the
plurality of optical views, and each of the plurality of optical views may be provided
based on at least two image views of the plurality of image views having different
viewpoints.

The processor may be further configured to determine the estimated crosstalk based
on a difference between an output pixel region of the display panel and a corre-
sponding visible pixel region provided through the image views.

A plurality of visible pixel regions may be tilted at a preset angle corresponding to
the plurality of optical views, the plurality of visible pixel regions being separated by
the viewing area separator, and the processor may be further configured to perform
theoretical crosstalk modeling on a reference image view based on the preset angle, the
number of image views, and a rendering pitch.

The processor may be further configured to perform the theoretical crosstalk
modeling on the reference image view based on the preset angle, the number of image
views, the rendering pitch, and reflecting a Gaussian optical profile to the modeled the-
oretical crosstalk.

The processor may be further configured to calculate a crosstalk occurrence weight

for at least one image view of the plurality of image views which provides the
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crosstalk to the reference image view based on the preset angle, the number of image
views, and the rendering pitch, and perform the crosstalk inverse compensation by
generating a crosstalk matrix according to the calculated crosstalk occurrence weight.

The processor may be further configured to generate an epipolar image by combining
a plurality of pixel lines of the plurality of rendered image views, and perform the
crosstalk inverse compensation by applying a crosstalk inverse filter to the generated
epipolar image, and the crosstalk inverse filter may generate an inverse matrix of the
crosstalk matrix.

The processor may be further configured to adjust a filtering coefficient of the
crosstalk inverse filter based on a characteristic of the input image and perform the
crosstalk inverse compensation by reflecting the adjusted filtering coefficient.

The processor may be further configured to divide the crosstalk inverse filter into an
angular smoothing filter and an angular sharpening filter, and adjust the filtering co-
efficient of the crosstalk inverse filter by adjusting coefficients of the angular
smoothing filter and the angular sharpening filter based on the characteristic of the
input image.

The processor may be further configured to acquire a plurality of target image views
in which the plurality of rendered image views are corrected based on the epipolar
image which is subject to the crosstalk inverse compensation, and arrange the plurality
of image views on the display panel in the arrangement pattern based on the plurality
of target image views to provide the multiview image.

According to an aspect of another exemplary embodiment, there is provided a
method of controlling a three-dimensional (3D) display apparatus including a display
panel and a viewing area separator disposed on a front side of the display panel and
configured to provide a plurality of optical views having different viewpoints to a
viewing zone, the method including: rendering a plurality of image views having
different viewpoints based on a depth of an input image; and providing a multiview
image by arranging the plurality of image views on the display panel in an arrangement
pattern. The providing of the multiview image includes determining, based on the ar-
rangement pattern, an estimated crosstalk occurring between the plurality of image
views having the different viewpoints, correcting the plurality of view images by
performing crosstalk inverse compensation according to the estimated crosstalk, and
providing the multiview image based on the crosstalk inverse compensation.

A number of the plurality of image views may be greater than a number of the
plurality of optical views, and each of the plurality of optical views may be provided
based on at least two image views of the plurality of image views having different
viewpoints.

The providing of the multiview image may include determining the estimated
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crosstalk based on a difference between an output pixel region of the display panel and
a corresponding visible pixel region provided to the user through the image views.

A plurality of visible pixel regions may be tilted at a preset angle corresponding to
the plurality of optical views, the plurality of visible pixel regions being separated by
the viewing area separator, and the providing of the multiview image may include
performing theoretical crosstalk modeling on a reference image view based on the
preset angle, the number of image views, and a rendering pitch.

The providing of the multiview image may include calculating a crosstalk occurrence
weight for at least one image view of the plurality of image views which provides the
crosstalk to the reference image view based on the preset angle, the number of image
views, and the rendering pitch, and performing the crosstalk inverse compensation by
generating a crosstalk matrix according to the calculated crosstalk occurrence weight.

The providing of the multiview image may include generating an epipolar image by
combining a plurality of pixel lines of the plurality of rendered image views, and
performing the crosstalk inverse compensation by applying a crosstalk inverse filter to
the generated epipolar image, and the applying the crosstalk inverse filter may include
inverting the crosstalk matrix.

The providing of the multiview image may include adjusting a filtering coefficient of
the crosstalk inverse filter based on a characteristic of the input image and performing
the crosstalk inverse compensation by reflecting the adjusted filtering coefficient.

The providing of the multiview image may include dividing the crosstalk inverse
filter into an angular smoothing filter and an angular sharpening filter, and adjusting
the filtering coefficient of the crosstalk inverse filter by adjusting coefficients of the
angular smoothing filter and the angular sharpening filter based on the characteristic of
the input image.

The providing of the multiview image may include acquiring a plurality of target
image views in which the plurality of rendered image views are corrected based on the
epipolar image which is subject to the crosstalk inverse compensation, and the
providing the multiview image may include arranging the plurality of image views on
the display panel in the arrangement pattern based on the plurality of target image
views.

According to an aspect of still another exemplary embodiment, there is provided a
non-transitory computer readable recording medium having embodied thereon a
program, which when executed by a processor of a three-dimensional (3D) display
apparatus including a display panel and a viewing area separator disposed on a front
side of the display panel and configured to provide optical views having diffident
viewpoints in a viewing zone of a user is stored, causes the 3D display apparatus to

execute a method, the method including: rendering a plurality of image views having
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different viewpoints based on a depth of an input image; and providing the multiview
image using the plurality of view images corrected by performing crosstalk inverse
compensation according to an estimated crosstalk. The providing of the multiview
image includes determining, based on an arrangement pattern of the plurality of image
views, an estimated crosstalk occurring between the plurality of image views having
the different viewpoints, correcting the plurality of view images by performing
crosstalk inverse compensation according to the estimated crosstalk, and providing the

multiview image based on the crosstalk inverse compensation.
According to an aspect of still another exemplary embodiment, there is provided a

three-dimensional (3D) display apparatus including: a display panel including a
plurality of subpixels; a viewing area separator disposed on a front side of the display
panel and configured to selectively block light emitted from the display panel at an
oblique angle; and a processor configured to determine a crosstalk matrix corre-
sponding to the plurality of subpixels and the viewing area separator, and control the
plurality of subpixels to generate an image based on the crosstalk matrix.

The crosstalk matrix may be determined based on a crosstalk occurrence weight cor-
responding to at least one image view of the plurality of image views.

The crosstalk occurrence weight may be determined based on a preset angle of the
viewing area separator and a rendering pitch of the plurality of subpixels.

Additional aspects and advantages of the exemplary embodiments are set forth in the
detailed description, and will be obvious from the detailed description, or may be
learned by practicing the exemplary embodiments.

Advantageous Effects of Invention

According to the above-described various exemplary embodiments, a sharp 3D
image may be provided by applying crosstalk inverse filtering through theoretical
crosstalk modeling to the autostereoscopic 3D display apparatus.

Brief Description of Drawings

The above and/or other aspects will be more apparent by describing certain
exemplary embodiments with reference to the accompanying drawings, in which:

FIGS. 1A, 1B, 1C and 1D are diagrams illustrating operation of a 3D display
apparatus according to various exemplary embodiments;

FIGS. 2A, 2B and 2C are diagrams illustrating configuration of a 3D display
apparatus according to various exemplary embodiments;

FIGS. 3A and 3B are block diagrams illustrating a configuration of a 3D display
apparatus according to various exemplary embodiments;

FIG. 4A, 4B and 4C are diagrams explaining a method of performing crosstalk

inverse compensation according to various exemplary embodiments;
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FIGS. 5 and 6 are diagrams illustrating comparison between an optical view-based
crosstalk calculation method and an image view-based crosstalk calculation method

according to various exemplary embodiments;
FIGS. 7, 8, 9A, 9B and 10 are diagrams illustrating a theoretical crosstalk calculation

method according to various exemplary embodiments;

FIGS. 11, 12A, 12B and 12C are diagrams illustrating a coefficient adjusting method
of a crosstalk inverse filter according to various exemplary embodiments;

FIG. 13 is a diagram illustrating a crosstalk inverse compensation method according
to an exemplary embodiment;

FIG. 14 is a diagram illustrating an epipolar image generation method according to
an exemplary embodiment; and

FIG. 15 is a flowchart illustrating a control method of a 3D display apparatus

according to an exemplary embodiment.

Best Mode for Carrying out the Invention

Mode for the Invention

Hereinafter, exemplary embodiments are described in greater detail with reference to
the accompanying drawings.

In the following description, unless otherwise described, the same reference numerals
are used for the same elements, even when they are depicted in different drawings. The
matters defined in the description, such as detailed construction and elements, are
provided to assist in a comprehensive understanding of exemplary embodiments. Thus,
it is understood that exemplary embodiments can be carried out without those
specifically defined matters. Also, functions or elements known in the related art are
not described in detail because they would obscure the exemplary embodiments with
unnecessary detail.

It will be understood that the terms "includes", "including”, "comprises" and/or
"comprising" used herein specify the presence of stated features or components, but do
not preclude the presence or addition of one or more other features or components. In

"o

addition, the terms such as "unit,"” "-er (-or),"” and "module" described in the speci-
fication refer to an element for performing at least one function or operation, and may
be implemented in hardware, software, or the combination of hardware and software.
FIGS. 1A to 1D are diagrams illustrating an operation of a 3D display apparatus
according to various exemplary embodiments.
FIG. 1A illustrates an operation method of a 3D display apparatus which displays a
multiview image and provides a stereoscopic image through an autostereoscopic

manner according to an exemplary embodiment. The multiview image includes a
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plurality of images in which the same object is imaged at different angles. That is, an
image, in which the plurality of images imaged in different viewpoints are refracted to
different angles, and thus focused at a position a certain distance from the display (for
example, about 3 meters) called a viewing distance, may be provided. The position in
which a viewing zone is formed may be called an optical view. One eye of a user may
be positioned in a first viewing zone and the other eye of the user may be positioned in
a second viewing zone. Thus, the user may experience a 3D effect.

The 3D display apparatus according to an exemplary embodiment may provide one
optical view using a plurality of image views. For example, the 3D display apparatus
may generate the plurality of image views through rendering an input image, and may
generate a multiview image such that at least two image views among the plurality of
image views are provided as one optical view. FIG. 1A is a diagram illustrating a
display operation, for example, in response to four optical views being provided using
total eight image views having different eight viewpoints. Referring to FIG. 1A, in the
autostereoscopic 3D display apparatus, among the eight viewpoints, light corre-
sponding to images of first and second viewpoints may be projected to the left eye, and
light corresponding to images of third and fourth viewpoints may be projected to the
right eye. The user may view the images having different viewpoints through the left
eye and the right eye, and thus the user may experience the 3D effect. However, this is
merely exemplary, and in response to M optical views being provided using image
views corresponding to total N viewpoints, where N is greater than M, one optical
view may be configured of image views having N/M viewpoints. The 3D display
apparatus may provide seven optical views using 35 image views as illustrated in FIG.
1C differently from an exemplary embodiment which provides seven optical views
using seven image views as illustrated in FIG. 1B.

FIG. 1D illustrates the exemplary embodiment illustrated in FIG. 1C in greater detail.
Referring to FIG. 1D, a total of seven optical views 11 to 17 may be provided, and
each optical view may include five image views (sub views or virtual viewpoint
images). That is, the seven optical views 11 to 17 may be provided using 35 total
image views 20 (1 to 35). For example, a first optical view 11 may be provided using
first to fifth image views. In this example, in response to a parallax between
neighboring optical views being A, a parallax between neighboring image views may
be A/5. A parallax between a left eye and a right eye may be A which is the parallax
between the neighboring optical views. Accordingly, smooth viewing area conversion
may differ from the exemplary embodiment of FIG. 1B in which the number of image
views is equal to the number of optical views. However, according to another
exemplary embodiment, the number of image views may be equal to the number of

optical views in at least one viewing zone. That is, in response to the number of image
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views being A, the number of optical views provided in the at least one viewing zone
may be A which corresponds to the number of image views.

Multiview images may be generated based on a linear mapping method or a cyclic
mapping method as a view mapping method. FIG. 1A illustrates the linear mapping
method. According to various exemplary embodiments, the multiview image may be
generated based on the cyclic mapping method.

FIGS. 2A to 2C are diagrams illustrating a configuration of a 3D display apparatus
according to various exemplary embodiments.

FIG. 2A is a block diagram illustrating a configuration of a 3D display apparatus
according to an exemplary embodiment.

Referring to FIG. 2A, a 3D display apparatus 100 may include a display 110 and a
processor 120.

The 3D display apparatus 100 may be implemented within various types of display
apparatuses such as a TV, a monitor, a PC, a kiosk, a tablet PC, an electronic photo
frame, or a portable phone.

An image input interface may receive an image. For example, the image input
interface may receive the image from an external storage medium, a broadcasting
station, and various external apparatuses such as a web server. The input image may be
any one among a single view image, a stereoscopic image, and a multiview image. The
single view image may be an image imaged through a general imaging apparatus. The
stereoscopic image which is a 3D video image represented with only a left-eye image
and a right-eye image may be a stereoscopic image imaged through a stereoscopic
imaging apparatus. The stereoscopic imaging apparatus may be an imaging apparatus
including two lenses and may be used to image a stereoscopic image. The multiview
image may be 3D video image which provides various viewpoints for a plurality of di-
rections through geometric correction, spatial synthesis, and the like on images imaged
through one or more imaging apparatuses.

The image input interface may receive depth information of an image. The depth of
the image may be a depth value assigned to each pixel of the image, and for example,
the 8-bit depth may have gray scale values of from 0 (zero) to 255. For example, on the
basis of black/white, the black (a low gray scale value) may represent a location far
away from the viewer, and the white (a high gray scale value) may represent a location
close to the viewer.

The depth information may indicate a depth of a 3D image, and the depth in-
formation may indicate a degree of binocular disparity between a left-eye image and a
right-eye image constituting the 3D image. Degree of a 3D effect felt by the viewer
may be changed according to the depth information. In response to the depth being

large, because the binocular disparity is increased, the 3D effect may be relatively
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large. In response to the depth being small, because the binocular disparity is reduced,
the 3D effect may be relatively small. The depth information may be acquired through
a passive method using only 2D characteristics of an image, such as stereo matching,
and an active method using equipment such as a depth camera. The depth information
may include a depth map.

The depth map may refer to a table including pieces of depth information according
to regions of an image. The regions may be pixel units, or may be defined as a preset
region larger than the pixel unit. For example, among the gray scale values of 0 to 255,
the depth map may have a form which represents a value smaller than a reference
value, such as 127 or 128, as a negative (-) value, and a value larger than the reference
value as a positive (+) value. The reference value of the focal plane may be arbitrarily
selected between O (zero) and 255. The negative (-) value may refer to subduction and
the positive (+) value may refer to protrusion.

The display 110 may provide a plurality of optical views in a viewing area of the
user. For example, the display 110 may include a display panel 111 and a viewing area
separation unit (viewing are separator) 112 which are configured to provide the
plurality of optical views.

The display panel 111 may include a plurality of pixels, of which each includes a
plurality of subpixels. The subpixels may include a red (R) subpixel, a green (G)
subpixel, and a blue (B) subpixel. That is, the pixels including the R, G, and B
subpixels may be arranged in a plurality of rows and a plurality of columns to
constitute the display panel 111. The display panel 111 may be implemented within
various display units such as a liquid crystal display (LCD) panel, a plasma display
panel (PDP), an organic light emitting diode (OLED), a vacuum fluorescent display
(VFD), a field emission display (FED), or an electro luminescence display (ELD).

The display panel 111 displays an image frame. For example, the display panel 111
may display a multiview image frame in which a plurality of views having different
viewpoints may be repeatedly arranged in a serial manner.

In the case where the display panel 111 is an LCD panel, the display apparatus 100
may further include a backlight unit configured to supply light to the display panel
111, and a panel driver configured to drive pixels of the display panel 111 according to
pixel values of the pixels constituting the image frame.

The viewing area separation unit 112 may be disposed in a front of the display panel
111, and provide different viewpoints according to a viewing area, that is, optical
views. The viewing area separation unit 112 may include a lenticular lens or a parallax
barrier.

For example, the viewing area separation unit 112 may include the lenticular lens

including a plurality of lens areas. The lenticular lens may refract an image displayed
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in the display panel 111 through the plurality of lens areas. Each of the lens areas may
be formed to have a size corresponding to at least one pixel, and may differently
disperse light transmitting each pixel according to the viewing area.

In another example, the viewing area separation unit 112 may include the parallax
barrier. The parallax barrier may include a transparent slit array including a plurality of
barrier areas. The parallax barrier may block light through a slit between barrier areas,
and allow images having different viewpoints according to viewing areas to be
emitted.

FIG. 2B illustrates an example in which the viewing area separation unit 112
includes a lenticular lens array and the display panel 111 is an LCD panel according to
an exemplary embodiment.

Referring to FIG. 2B, the display 110 may include the display panel 111, a lenticular
lens array 112", and a backlight unit 113.

Referring to FIG. 2B, the display panel 111 may include a plurality of pixels divided
into a plurality of columns. Image views having different viewpoints may be arranged
in the columns. FIG. 2B illustrates a pixel arrangement form that a plurality of image
views having different viewpoints, that is, first to eighth views are serially repeatedly
arranged. That is, the pixel columns may be arranged with groups numbered by 1, 2, 3,
4,5,6,7,and 8.

The backlight unit 113 may provide light to the display panel 111. The image views
formed in the display panel 111 may be projected to the lenticular lens array 112’
through the light provided from the backlight unit 113, and the lenticular lens array
112" may disperse the projected light for each image view and transfer the light to a
viewer direction. That is, the lenticular lens array 112' generates exit pupils at a
viewing distance. The viewing area separation unit 112 may be designed in such a
manner that the exit pupils generated by the pixel columns are separated by an average
binocular center distance of less than 65 mm. For example, a thickness and a diameter
of the lenticular lens array 112" may be adjusted in response to the viewing area
separation unit 112 including the lenticular lens array 112" as illustrated in FIG. 2B,
and a distance between slits in a parallax barrier and the like may be adjusted in
response to the viewing area separation unit 112 including the parallax barrier. The
separated image lights may form optical views. That is, as illustrated in FIG. 2B, in
response to a plurality of optical views being formed in the viewing zone and the left
eye and right eye of the user being located in different optical views, the user may
view the 3D image.

The viewing area separation unit 112 may be tilted at a certain angle and operated to
improve image quality. The processor 120 may generate a multiview image frame for

output by dividing the image frame into a plurality of views based on the slanted angle
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of the viewing area separation unit 112 and combining the divided views. Accordingly,
the user may not view an image displayed in the subpixels of the display panel 111
outside of a slanted region in either a vertical direction or a horizontal direction, but the
user may view an image displayed in the slanted region. Accordingly, the viewer may
view not a full region of one subpixel, but the viewer may view a partial region of the
subpixel. For example, as illustrated in FIG. 2C, the user may view a region 210
slanted at a preset angle through the viewing area separation unit 112. In this example,
the user may view a pixel region (hereinafter, referred to as visible pixel region) in the
slanted region, as illustrated in FIG. 2C, through an optical operation of the viewing
area separation unit 112. Sizes of pixels A, B, and C provided in the visible pixel
region may be determined by a pitch of a lenticular lens.

The processor 120 may control an overall operation of the display apparatus 100.

The processor 120 may perform render a plurality of image views having different
viewpoints.

For example, in response to the input image being a 2D image, the processor 120
may render a plurality of image views having the different viewpoints based on depth
information extracted in 2D/3D conversion. In another example, in response to the
plurality of image views having the different viewpoints and a plurality of pieces of
depth information corresponding thereto being input, the processor 120 may render the
fixed number (hereinafter, referred to as N) of image views based on at least one of the
plurality of input image views and one of the plurality of pieces of input depth in-
formation. In another example, in response to only a plurality of image views having
different viewpoints being input, the processor 120 may extract depth information from
the plurality of image views and render the N image views based on the extracted
depth information.

For example, the processor 120 may select one of a left-eye image and a right-eye
image which constitute a 3D image as a reference view (or a center view) and generate
a leftmost view and a rightmost view as a basis of the multiview image. The processor
120 may generate the leftmost view and the rightmost view based on the corrected
depth information corresponding to the one of the left-eye image and the right-view
image selected as the reference view. In response to the leftmost view and the
rightmost view being generated, the processor 120 may render the N image views by
generating a plurality of interpolation views between the center view and the leftmost
view, and generating a plurality of interpolation views between the center view and the
rightmost view. However, this is not limited thereto, and an extrapolation view
generated through an extrapolation method may be generated. In response to the
multiview image being rendered based on a 2D image and depth information, the 2D

image may be selected as the center view. However, the above-described rendering
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operation is merely exemplary, and the processor 120 may render the plurality of
image views through various methods other than the above-described rendering
operation. In some examples, the processor 120 may adjust the depth of the input
image based on the depth information according to various criteria. In these examples,
the processor 120 may render the plurality of image views based on the depth-adjusted
image.

The processor 120 may generate a multiview image to be displayed by the display
110 based on subpixel values constituting the plurality of rendered image views having
the different viewpoints. The processor 120 may include one or more among a central
processing unit (CPU), an application processor (AP), and a communication processor
(CP).

The processor 120 may perform rendering on the plurality of image views having the
different viewpoints based on the depth of the input image, and provide the multiview
image by arranging the plurality of image views on the display panel 111 in a preset ar-
rangement pattern.

The processor 120 may estimate crosstalk which occurs between the image views
having different viewpoints based on arrangement positions of the plurality of image
views, and provide the multiview image by performing crosstalk inverse compensation
according to the estimated crosstalk. The number of the image views may be larger
than the number of optical views, and each of the optical views may be provided based
on at least two image views having different viewpoints.

For example, the processor 120 may estimate the crosstalk based on a difference
between an output pixel region of the display panel 111 and a corresponding visible
pixel region provided to the user through the image views.

The processor 120 may perform theoretical modeling of image view-based crosstalk
on a reference image view based on a slanted angle of the plurality of visible pixel
regions provided as the image views, the number of image views, and a rendering
pitch.

The processor 120 may derive improved crosstalk by reflecting a Gaussian optical
profile to the modeled theoretical crosstalk.

The processor 120 may calculate a crosstalk occurrence weight of at least one image
view which provides the crosstalk to the reference image view based on the slanted
angle, the number of image views, and the rendering pitch, and perform the crosstalk
inverse compensation by generating a crosstalk matrix according to the calculated
weight.

The processor 120 may generate an epipolar image corresponding to each pixel line
by combining pixel lines of the plurality of rendered image views, and perform the

crosstalk inverse compensation by applying a crosstalk inverse filter to the generated
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epipolar image. The crosstalk inverse filter may be a filter in which an inverse matrix
of the crosstalk matrix is implemented.

The processor 120 may adjust a filtering coefficient of the crosstalk inverse filter
based on a characteristic of the input image and perform the crosstalk inverse com-
pensation by reflecting an adjusted filtering coefficient.

The processor 120 may divide the crosstalk inverse filter into an angular smoothing
filter and an angular sharpening filter, and adjust the filtering coefficient of the
crosstalk inverse filter by adjusting coefficients of the angular smoothing filter and the
angular sharpening filter based on the characteristic of the input image. This is be
described in additional detail below.

The processor 120 may acquire a plurality of target image views in which the
plurality of rendered image views are corrected based on the epipolar image which is
subject to the crosstalk inverse compensation, and provide the multiview image by
arranging the plurality of image views on the display panel 111 in a preset arrangement
pattern based on the plurality of target image views.

The processor 120 may compensate a pixel value of a region having a pixel value of
less than a preset threshold value according to the crosstalk inverse compensation with
a pixel value of a neighboring region which is larger than or equal to the preset
threshold value.

For example, in response to the crosstalk inverse compensation being performed
based on the epipolar image generated on the basis of the rendered multiview image,
the processor 120 may compensate the pixel value of the region having the pixel value
of less than the preset threshold value in the epipolar image according to the crosstalk
inverse compensation with a pixel value of a neighboring region. That is, the processor
120 may compensate a pixel value of a region having a negative pixel value in the
epipolar image according to the crosstalk inverse compensation with a positive pixel
value of the neighboring region.

In another example, in response to the crosstalk inverse compensation being
performed based on the epipolar image generated on the basis of the rendered
multiview image, the processor 120 may compensate the pixel value of the region
having the pixel value of less than the preset threshold value in the epipolar image
according to the crosstalk inverse compensation with a pixel value of a corresponding
region in the input image. That is, the processor 120 may compensate the pixel value
of the region having the negative pixel value in the epipolar image according to the
crosstalk inverse compensation with a positive pixel value of the corresponding region
in the input image

In another example, in response to the crosstalk inverse compensation being

performed based on the epipolar image generated on the basis of the rendered
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multiview images, the processor 120 may compensate the pixel value of the region
having the pixel vale of less than the preset threshold value in the epipolar image
according to the crosstalk inverse compensation with a pixel value, on which the
crosstalk inverse compensation is performed, in a previous image of the input image.
That is, in response to the pixel value of the region having the negative pixel value in
the epipolar image corresponding to a current image frame according to the crosstalk
inverse compensation being a positive pixel value in an epipolar image corresponding
to a previous image frame according to the crosstalk inverse compensation, the
processor 120 may compensate the pixel value of the region having the pixel value of
less than the preset threshold value with a pixel value, on which the crosstalk inverse
compensation is performed, in the previous image frame.

FIGS. 3A and 3B are configurations of a 3D display apparatus according to various
exemplary embodiments.

Referring to FIG. 3A, a 3D display apparatus 200 may include a display 110, a
processor 120, and a storage unit 130. The configuration of FIG. 3A may be a detailed
configuration of the 3D display apparatus 100 illustrated in FIG. 2A. Detailed de-
scription for the configuration of the 3D display apparatus 200 in FIG. 3A overlapping
that of the 3D display apparatus 100 will be omitted.

The processor 120 may include a random access memory (RAM) 121, a read only
memory (ROM) 122, a main CPU 123, a graphic processor 124, first to n-th interfaces
125-1 to 125-n, and a bus 126.

The RAM 121, the ROM 122, the main CPU 123, the graphic processor 124, the first
to n-th interfaces 125-1 to 125-n, and the like may be electrically coupled through the
bus 126.

The first to n-th interfaces 125-1 to 125-n may be coupled to the above-described
components. One of the interfaces may be a network interface coupled to an external
apparatus through a network.

The main CPU 123 accesses the storage unit 130 to perform booting using an
operating system (O/S) stored in the storage unit 130. The main CPU 123 performs
various operations using a variety of modules, programs, content, data, and the like
stored in the storage unit 130. For example, the main CPU 123 may perform operations
according to various exemplary embodiments based on a rendering module 131, a
crosstalk calculation module 132, a crosstalk adjustment module 133, and a crosstalk
inverse compensation module 134 illustrated in FIG. 3B.

A command set and the like for system booting may be stored in the ROM 122. In
response to a turn-on command being input to supply power, the main CPU 123 may
copy the O/S stored in the storage unit 130 to the RAM 121 according to a command
stored in the ROM 122, and execute the O/S to boot a system. In response to the
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booting being completed, the main CPU 123 may copy various programs stored in the
storage unit 130 to the RAM 121, and execute the programs copied to the RAM 121 to
perform various operations.

The graphic processor 124 may be configured to generate a screen including various
objects, such as an icon, an image, text, and the like, using an operation unit and a
rendering unit. The operation unit may calculate attribute values such as coordinate
values, in which the objects are to be displayed according to a layout of a screen,
shapes, sizes, and colors based on a received control command. The rendering unit
may generate a screen having various layouts including the objects based on the
attribute values calculated in the operation unit.

The above-described operation of the processor 120 may be performed through the
program stored in the storage unit 130.

The storage unit 130 may store an O/S software module and a variety of data, such as
various types of multimedia content, for driving the 3D display apparatus 200. For
example, the storage unit 130 may store the programs, such as the rendering module
131, the crosstalk calculation module 132, the crosstalk adjustment module 133, and
the crosstalk inverse compensation module 134 illustrated in FIG. 3B, and a variety of
information for implementing various exemplary embodiments such as an algorithm
for applying Gaussian refinement to be described and an image characteristic analysis
algorithm.

FIGS. 4A to 4C are views explaining a method of performing crosstalk inverse com-
pensation according to various exemplary embodiments.

As illustrated in FIG. 4A, crosstalk in the 3D display apparatus may occur in
neighboring image views as well as all image views. Further, the degree of crosstalk
occurrence may be simply implemented in a crosstalk matrix form.

For example, in response to the crosstalk of a neighboring image view in four image
views is a % and crosstalk of next neighboring image view is b %, the crosstalk may be
represented as illustrated in FIG. 4B.

As illustrated in FIG. 4C, an output image may be affected by the crosstalk, and may
be represented with the following Equation 1.

[Equation 1].

Here, P1i is an input image, Po is an output image, and X is a crosstalk matrix.

A new input may be calculated using the following Equation 2 to reduce the crosstalk
effect.

[Equation 2]

Then, a new output calculated using the following Equation 3 may be input as an
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original input.

[Equation 3]

The crosstalk for constituting the crosstalk matrix may be calculated through a the-
oretical area ratio calculation according to a pixel arrangement of a plurality of image
views.

FIGS. 5 and 6 are diagrams comparing an optical view-based crosstalk calculation
method and an image view-based crosstalk calculation method according to an
exemplary embodiment.

FIG. 5 is a diagram illustrating the optical view-based crosstalk calculation method.
The crosstalk may be measured as a degree (ratio of luminance) in which luminance of
a reference optical view to be elevated is affected by luminance of an optical view
having a different viewpoint from the reference optical view. For example, as the
optical view-based crosstalk calculation method, the International Organization for
Standardization (ISO) method and an International Electrotechnical Commission (IEC)
method may be used. The ISO method and the IEC method may calculate the crosstalk
through optical view profiling through optical luminance measurement and the like,
but exemplary embodiments may calculate the image view-based crosstalk through
theoretical calculation.

FIG. 6 is a diagram illustrating image view-based crosstalk calculation method
according to an exemplary embodiment. As illustrated in FIG. 6, the 3D display
apparatus may calculate the theoretical crosstalk through an area ratio calculation
according to the pixel arrangement of the plurality of image views (610).

For example, the 3D display apparatus may perform the image view-based crosstalk
modeling through the area ratio calculation according to the pixel arrangement of the
plurality of image views based on the pixel arrangement on the display panel 111
according to the of image views N, the slanted angle ? of the viewing area separation
unit 120, the rendering pitch rp, and the like.

FIG. 7 illustrates a pixel arrangement state of the display panel 111 in response to the
number N of image views being 15 according to an exemplary embodiment. A view in
a pixel position (i, j) may be allocated based on the following Equation 4.

[Equation 4]

Here, pij is a pixel at position (i, ), ? is a slanted angle of the viewing area separation
unit 120 (for example, the lenticular lens), rp is a rendering pitch, and N is the number
of image views.

In response to the reference image view being an §-viewpoint image view, the 3D

display apparatus may determine a crosstalk occurrence region based on a pixel ar-
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rangement, and calculate crosstalk in the determined crosstalk occurrence region.

FIG. 8 is a diagram illustrating a detailed method of calculating an area ratio in a
crosstalk occurrence region according to an exemplary embodiment.

As illustrated in FIG. 8, in response to the reference image view being a 8-viewpoint
image view, an A region and a B region among A, B, C, and D regions may
correspond to the §-viewpoint image view, the B region may correspond to a
6-viewpoint image view, and the C region may correspond to a 9-viewpoint image
view. Areas of the A, B, C, and D regions may be calculated through Equations as il-
lustrated in FIG. 8.

In response to the area ratio being calculated as illustrated in FIG. 8, the 3D display
apparatus may perform the image view-based crosstalk modeling based on the
calculated area ratio (see 620 of FIG. 6). However, the theoretical crosstalk modeling
according to an exemplary embodiment may be applied to the optical view-based
crosstalk modeling in the same/similar manner.

FIG. 9A is a diagram representing theoretically calculated crosstalk degree with a
numerical value according to an exemplary embodiment. As illustrated in FIG. 9A, the
crosstalk degree of neighboring views V(n-2), V(n-1), V(n+1), and V(n+2) with
respect to a reference image view V(n) may be derived through the area calculation
method as illustrated in FIG. 8. However, the number of neighboring views illustrated
in FIG. 9A is merely exemplary, and the number of neighboring image views affecting
the reference image view V(n) is not limited thereto.

Next, the 3D display apparatus may derive an image view-based crosstalk matrix
calculated based on the crosstalk modeling result (see 630 of FIG. 6). FIG. 9B il-
lustrates an example of the image view-based crosstalk matrix X calculated based on
the crosstalk modeling result as illustrated in FIG. 9A.

The 3D display apparatus may derive an image view-based crosstalk inverse matrix
based on the image view-based crosstalk matrix (see 640 of FIG. 6).

According to another exemplary embodiment, the 3D display apparatus may adjust
the theoretically modeled crosstalk by reflecting the Gaussian optical profile after the
theoretical crosstalk modeling through the method as illustrated in FIG. 8. For
example, the 3D display apparatus may perform Gaussian curve fitting on the theo-
retically modeled crosstalk and adjust sharpness. The 3D display apparatus may
perform optimum crosstalk modeling through the Gaussian refinement in a form as il-
lustrated in FIG. 10. In this example, the 3D display apparatus may perform the
Gaussian curve fitting of the theoretically modeled crosstalk by applying the Gaussian
optical profile.

According to another exemplary embodiment, the 3D display apparatus may derive

the crosstalk inverse matrix, and then adjust a coefficient of the crosstalk inverse filter
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by reflecting a characteristic of the image (see 650 of FIG. 6). The crosstalk inverse
filter may be a filter in which an inverse matrix of the crosstalk matrix is implemented
in a filter type.

For example, as illustrated in FIG. 11, the 3D display apparatus may calculate a
gradient of an image view based on an epipolar image, and adjust the coefficient of the
crosstalk inverse filter according to the calculated view gradient.

Referring to FIG. 11, the 3D display apparatus may calculate a view gradient (i, n)
for a target pixel region based on pixel values of a reference view V(i, n) and
neighboring views V(i, n-1), V(i, n-2), V(i, n+1), and V(i, n+2) of the target pixel
region. For example, the view gradient (i, n) may be calculated based on the following
Equation 5.

[Equation 5]

The 3D display apparatus may calculate the view gradients for the neighboring pixel
regions of the target pixel region through the same method described above, and
calculate a view gradient smoothing value view grad smoothing (i, n) based on the
calculated view gradients view grad(i, n-2), view grad(i, n-1), view grad(i, n+1), and
view grad(i, n+2)) for the pixel regions. For example, the 3D display apparatus may
calculate the view gradient smoothing value by averaging the view gradient values for
the pixel regions. In this example, the 3D display apparatus may calculate the view
gradient smoothing value view grad smoothing (i, n) based on the following Equation
6.

[Equation 6]

FIGS. 12A to 12C are diagrams illustrating a method of adjusting a coefficient of a
crosstalk inverse filter according to various exemplary embodiments.

According to an exemplary embodiment, the 3D display apparatus may adjusta co-
efficient of a crosstalk inverse filter based on the view gradient value or the view
gradient smoothing value as described in FIG. 11.

For example, the crosstalk inverse filter may be divided into an angular smoothing
filter and an angular sharpening filter as illustrated in FIG. 12A. That is, the crosstalk
inverse filter may be a filter in which the angular smoothing filter and the angular
sharpening filter are combined.

According to an exemplary embodiment, the 3D display apparatus may divide the
crosstalk inverse filter into the angular smoothing filter and the angular sharpening
filter, adjust coefficients of the divided filters, and adjust the coefficient of the
crosstalk inverse filter by combining the divided filters. However, in some examples,

the 3D display apparatus may adjust the filter coefficient without dividing the crosstalk
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inverse filter into the angular smoothing filter and the angular sharpening filter.

As illustrated in FIG. 12B, the 3D display apparatus may adjust the coefficients of
the angular smoothing filter and the angular sharpening filter by applying a weight cor-
responding to the view gradient value or the view gradient smoothing value in a state
that the crosstalk inverse filter is divided into the angular smoothing filter and the
angular sharpening filter. The weight corresponding to the view gradient value or the
view gradient smoothing value may be previously set in a form as illustrated in FIG.
12C. In response to the coefficients of the angular smoothing filter and the angular
sharpening filter being adjusted, the 3D display apparatus may acquire the coefficient-
adjusted crosstalk inverse filter based on the adjusted coefficients.

The 3D display apparatus may minimize deterioration of image quality such as
overshoot artifact occurring in an edge region and the like according to the crosstalk
inverse compensation based on the coefficient-adjusted crosstalk inverse filter based
on the image characteristic.

FIG. 13 is a diagram illustrating a crosstalk inverse compensation method according
to an exemplary embodiment.

According to the method illustrated in FIG. 13, the 3D display apparatus may
generate an epipolar image corresponding to each pixel line by combining pixel lines
of a plurality of rendered image views View 1 to View N, and perform crosstalk
inverse compensation by applying the crosstalk inverse filter to the generated epipolar
image. The crosstalk inverse filter may be a filter in which the filtering coefficient is
adjusted based on the characteristic of the input image as illustrated in FIG. 11.

The 3D display apparatus may acquire a plurality of target image views New View I
to New View N' based on the epipolar image which is subject to the crosstalk inverse
compensation as illustrated in FIG. 13.

The 3D display apparatus may provide a multiview image by arranging the plurality
of generated target image views New View 1'to New View N' on the display panel
111 in a preset arrangement pattern.

FIG. 14 is a diagram illustrating a method of generating an epipolar image according
to an exemplary embodiment. In FIG. 14, rendering is performed on 35 multiview
images having a height h and a width w.

Epipolar images corresponding to pixel lines may be generated by combining the
pixel lines of the 35 multiview images 1411 to 1414. For example, as illustrated in
FIG. 14, a first image 1421 may be generated by combining first pixel lines of the
multiview images 1411 to 1414, and a-th image 1422 may be generated by combining
a-th pixel lines. Accordingly, an epipolar image 1430 may be generated by serially
combining h generated images corresponding to the number of pixel lines.

In this example, a line having a preset form may be represented according to a depth
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size of an object in an image corresponding to each pixel line, that is, a depth size of a
pixel region. For example, because a depth of an object A (@) is 0 (zero), the object A
(@) may be located in the same position in the 35 multiview images. Because an object
B (A) has a depth of a preset size, the positions of the object B (A) may be gradually
changed in the 35 multiview images, and the position change may be represented with
a preset line form. Referring to FIG. 14, a line corresponding to the object A (@)
having the depth value of O (zero) may be represented with a vertical line 1431, and the
object B (A) and an object C (X) having depths of preset sizes may be represented with
oblique lines 1432 and 1433.

FIG. 15 is a flowchart illustrating a control method of a 3D display apparatus
according to an exemplary embodiment.

According to the control method of a 3D display apparatus illustrated in FIG. 15, the
3D display apparatus may render a plurality of image views having different
viewpoints based on a depth of an input image (S1510). The 3D display apparatus may
include a display including a display panel and a viewing area separation unit disposed
in a front of the display panel and configured to provide optical views having different
viewpoints in a viewing zone of a user.

The 3D display apparatus may provide a multiview image by arranging the plurality
of rendered image views on the display panel in a preset arrangement pattern (S1520).
The 3D display apparatus may estimate crosstalk occurring between the image views
having the different viewpoints based on arrangement positions of the plurality of
image views, and provide the multiview image using the plurality of view images
corrected by performing crosstalk inverse compensation according to the estimated
crosstalk.

The number of image views may be larger than the number of optical views. Each of
the optical views may be provided based on image views having at least two different
viewpoints.

In operation S1520 of providing the multiview image, the 3D display apparatus may
estimate the crosstalk based on a difference between an output pixel region of the
display panel and a corresponding visible pixel region provided to the user through the
image views.

The viewing area separation unit may operate to provide a plurality of visible pixel
regions slanted to a preset angle as the optical views. In operation S1520 of providing
the multiview image, the 3D display apparatus may perform theoretical crosstalk
modeling on a reference image view based on the preset angle, the number of image
views, and a rendering pitch.

In operation S1520 of providing the multiview image, the 3D display apparatus may

derive improved crosstalk by reflecting a Gaussian optical profile to the modeled the-
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oretical crosstalk.

In operation S1520 of providing the multiview image, the 3D display apparatus may
calculate a crosstalk occurrence weight for at least one image view which provides the
crosstalk to the reference image view based on the preset slanted angle of the viewing
area separation unit, the number of image views, and the rendering pitch, and perform
the crosstalk inverse compensation by generating a crosstalk matrix according to the
calculated weight.

In operation S1520 of providing the multiview image, the 3D display apparatus may
generate an epipolar image corresponding to each of pixel lines by combining the pixel
lines of the plurality of rendered image views, and perform the crosstalk inverse com-
pensation by applying a crosstalk inverse filter to the generated epipolar image. The
crosstalk inverse filter may be a filter in which an inverse matrix of the crosstalk
matrix is implemented in a filter type.

In operation S1520 of providing the multiview image, the 3D display apparatus may
adjust a filtering coefficient of the crosstalk inverse filter based on a characteristic of
the input image and perform the crosstalk inverse compensation by reflecting an
adjusted filtering coefficient.

In operation S1520 of providing the multiview image, the 3D display apparatus may
divide the crosstalk inverse filter into an angular smoothing filter and an angular
sharpening filter, and adjust the coefficient of the crosstalk inverse filter by adjusting
coefficients of the angular smoothing filter and the angular sharpening filter based on
the characteristic of the input image.

In operation S1520 of providing the multiview image, the 3D display apparatus may
acquire a plurality of target image views in which the plurality of rendered image
views are corrected based on the epipolar image which is subject to the crosstalk
inverse compensation, and provide the multiview image by arranging the plurality of
image views on the display panel in a preset arrangement pattern based on the plurality
of target image views.

According to the above-described various exemplary embodiments, a sharp 3D
image may be provided by applying crosstalk inverse filtering through theoretical
crosstalk modeling to the autostereoscopic 3D display apparatus.

The control method of a 3D display apparatus according to the above-described
various exemplary embodiments may be implemented as a program and provided to
the autostereoscopic 3D display apparatus.

For example, a non-transitory computer-readable medium, in which a program which
when executed, causes a device to perform the operations of rendering on a plurality of
image views having different viewpoints based on a depth of an input image,

correcting the plurality of image views by performing crosstalk inverse compensation
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according to a crosstalk estimation result based on arrangement positions of the
plurality of image views on the display panel, and providing a multiview image based
on the plurality of corrected image views is stored, may be provided.

The non-transitory computer-recordable medium is not a medium configured to tem-
porarily store data, such as a register, or a cache, but an apparatus-readable medium
configured to permanently or semi-permanently store data. For example, the above-
described various applications or programs may be stored in a non-transitory
apparatus-readable medium such as a compact disc (CD), a digital versatile disc
(DVD), a hard disc, a Blu-ray disc, a universal serial bus (USB), a memory card, or a
read only memory (ROM).

The foregoing exemplary embodiments and advantages are merely exemplary and
are not to be construed as limiting the present disclosure. The present teaching can be
readily applied to other types of apparatuses. Also, the description of exemplary em-
bodiments is intended to be illustrative, and not to limit the scope of the claims, and
many alternatives, modifications, and variations will be apparent to those skilled in the
art.
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Claims
A three-dimensional (3D) display apparatus comprising:
a display comprising a display panel and a viewing area separator
disposed at a front side of the display panel and configured to provide a
plurality of optical views having different viewpoints to a viewing
zone; and
a processor configured to render a plurality of image views having
different viewpoints based on a depth of an input image and provide a
multiview image by arranging the plurality of image views on the
display panel in an arrangement pattern,
wherein the processor is further configured to determine, based on the
arrangement pattern, an estimated crosstalk occurring between the
plurality of image views having the different viewpoints, correct the
plurality of image views by performing crosstalk inverse compensation
according to the estimated crosstalk, and provide the multiview image
based on the crosstalk inverse compensation.
The 3D display apparatus as claimed in claim 1, wherein a number of
the plurality of image views is greater than a number of the plurality of
optical views, and
each of the plurality of optical views is provided based on at least two
image views of the plurality of image views having different
viewpoints.
The 3D display apparatus as claimed in claim 1, wherein the processor
is further configured to determine the estimated crosstalk based on a
difference between an output pixel region of the display panel and a
corresponding visible pixel region provided through the image views.
The 3D display apparatus as claimed in claim 3, wherein a plurality of
visible pixel regions tilted at a preset angle corresponding to the
plurality of optical views, the plurality of visible pixel regions being
separated by the viewing area separator, and
the processor is further configured to perform theoretical crosstalk
modeling on a reference image view based on the preset angle, the
number of image views, and a rendering pitch.
The 3D display apparatus as claimed in claim 4, wherein the processor
is further configured to perform the theoretical crosstalk modeling on
the reference image view based on the preset angle, the number of

image views, the rendering pitch, and reflecting a Gaussian optical
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profile to the modeled theoretical crosstalk.

The 3D display apparatus as claimed in claim 4, wherein the processor
is further configured to determine a crosstalk occurrence weight for at
least one image view of the plurality of image views which provides
the crosstalk to the reference image view based on the preset angle, the
number of image views, and the rendering pitch, and perform the
crosstalk inverse compensation by generating a crosstalk matrix
according to the crosstalk occurrence weight.

The 3D display apparatus as claimed in claim 6, wherein the processor
is further configured to generate an epipolar image by combining a
plurality of pixel lines of the plurality of rendered image views, and
perform the crosstalk inverse compensation by applying a crosstalk
inverse filter to the generated epipolar image, and

the crosstalk inverse filter generates an inverse matrix of the crosstalk
maitrix.

The 3D display apparatus as claimed in claim 7, wherein the processor
is further configured to adjust a filtering coefficient of the crosstalk
inverse filter based on a characteristic of the input image and perform
the crosstalk inverse compensation by reflecting the adjusted filtering
coefficient.

The 3D display apparatus as claimed in claim 8, wherein the processor
is further configured to divide the crosstalk inverse filter into an
angular smoothing filter and an angular sharpening filter, and adjust the
filtering coefficient of the crosstalk inverse filter by adjusting coef-
ficients of the angular smoothing filter and the angular sharpening filter
based on the characteristic of the input image.

The 3D display apparatus as claimed in claim 7, wherein the processor
is further configured to acquire a plurality of target image views in
which the plurality of rendered image views are corrected based on the
epipolar image which is subject to the crosstalk inverse compensation,
and arrange the plurality of image views on the display panel in the ar-
rangement pattern based on the plurality of target image views to
provide the multiview image.

A method of controlling a three-dimensional (3D) display apparatus
including a display panel and a viewing area separator disposed on a
front side of the display panel and configured to provide a plurality of
optical views having different viewpoints to a viewing zone, the

method comprising:



WO 2017/065517

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]
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rendering a plurality of image views having different viewpoints based
on a depth of an input image; and

providing a multiview image by arranging the plurality of image views
on the display panel in an arrangement pattern,

wherein the providing the multiview image comprises determining,
based on the arrangement pattern, an estimated crosstalk occurring
between the plurality of image views having the different viewpoints,
correcting the plurality of view images by performing crosstalk inverse
compensation according to the estimated crosstalk, and providing the
multiview image based on the crosstalk inverse compensation.

The method as claimed in claim 11, wherein a number of the plurality
of image views is greater than a number of the plurality of optical
views, and

each of the plurality of optical views is provided based on at least two
image views of the plurality of image views having different
viewpoints.

The method as claimed in claim 11, wherein the providing the
multiview image comprises determining the estimated crosstalk based
on a difference between an output pixel region of the display panel and
a corresponding visible pixel region provided to the user through the
image views.

The method as claimed in claim 13, wherein a plurality of visible pixel
regions tilted at a preset angle corresponding to the plurality of optical
views, the plurality of visible pixel regions being separated by the
viewing area separator, and

the providing of the multiview image comprises performing theoretical
crosstalk modeling on a reference image view based on the preset
angle, the number of image views, and a rendering pitch.

The method as claimed in claim 14, wherein the providing the
multiview image comprises determining a crosstalk occurrence weight
for at least one image view of the plurality of image views which
provides the crosstalk to the reference image view based on the preset
angle, the number of image views, and the rendering pitch, and
performing the crosstalk inverse compensation by generating a

crosstalk matrix according to the crosstalk occurrence weight.
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