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(57) Abstract: An image processing method, including extracting compensation information comprising one from among a depth
compensation value and a depth value compensated for by using the depth compensation value; when the compensation informa-
tion comprises the depth compensation value, compensating for a depth value to be applied to a pixel of a two-dimensional (2D)
image by using the depth compensation value, and generating a depth map about the 2D image by using the compensated depth
value, and when the compensation information comprises the compensated depth value, generating the depth map about the 2D
image by using the compensated depth value; obtaining positions in a left-eye image and a right-eye image by using the depth
map, wherein the pixel of the 2D image is mapped to the positions; and generating the left-eye image and the right-eye image
comprising the positions to which the pixel is mapped.
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Description

Title of Invention: IMAGE PROCESSING METHOD AND

APPARATUS THEREFOR
Technical Field

Aspects of the present invention relate to an image processing method and apparatus
therefor, and more particularly, to an image processing method and apparatus therefor,
which can adjust a depth of a three-dimensional (3D) image according to user selection
and can store the depth of the 3D image when the three-dimensional image is
generated by using a two-dimensional (2D) image.

Background Art

Due to development of digital technologies, 3D image technology has become more
widespread. 3D image technology is aimed at realizing a realistic image by applying
information about depth to a 2D image.

Since human eyes are separated in a horizontal direction by a predetermined distance,
2D images respectively viewed by a left eye and a right eye are different from each
other such that a binocular disparity occurs. The human brain combines the different
2D images, and thus generates a 3D image having the appearance of perspective and
reality.

3D image technology is classified into an image generating technique for generating
video data as a 3D image from the start, and an image converting technique for
converting 2D video data into a 3D image. In this regard, research is being conducted

to study these two techniques together.
Disclosure of Invention

Solution to Problem

Aspects of the present invention provide an image processing method and apparatus
therefor, which can adjust a depth of a three-dimensional (3D) image according to user
selection, can store information about the user selection or about the adjusted depth,
and can use the information at a later time.
Advantageous Effects of Invention

The image processing method and apparatus according to aspects of the present
invention may adjust a depth of a 3D image according to a user selection, may store in-
formation about the user selection or the adjusted depth, and thus may generate a 3D
image having a same depth at a later time.
Brief Description of Drawings

These and/or other aspects and advantages of the invention will become apparent and
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more readily appreciated from the following description of the embodiments, taken in

conjunction with the accompanying drawings of which:
FIG. 1 illustrates an image processing apparatus according to an embodiment of the

present invention;

FIG. 2 illustrates a method of adjusting positions, to which a predetermined pixel is
mapped in a left-eye image and a right-eye image, based on a position compensation
value, according to an embodiment of the present invention;

FIG. 3 illustrates compensation information generated by the image processing
apparatus of FIG. 1, according to an embodiment of the present invention;

FIG. 4 illustrates a directory structure of a local storage unit when the local storage
unit contains compensation information according to an embodiment of the present
invention; and

FIG. 5 is a flowchart of an image processing method, according to an embodiment of

the present invention.

Best Mode for Carrying out the Invention

According to an aspect of the present invention, an image processing method is
provided. The method includes extracting compensation information including a depth
compensation value or a depth value compensated for based on the depth com-
pensation value; when the compensation information includes the depth compensation
value, compensating for a depth value to be applied to a pixel of a two-dimensional
(2D) image based on the depth compensation value, and generating a depth map about
the 2D image based on the compensated depth value, and when the compensation in-
formation includes the compensated depth value, generating the depth map about the
2D image based on the compensated depth value; obtaining positions in a left-eye
image and a right-eye image based on the depth map, wherein the pixel of the 2D
image is mapped to the positions; and generating the left-eye image and the right-eye
image in which the pixels are mapped to the obtained positions.

According to another aspect of the present invention, the compensation information
may include image identification information identifying the 2D image. The com-
pensation information may include compensation value identification information in-
dicating whether the compensation information comprises the depth compensation
value or the depth value compensated for based on the depth compensation value.

According to another aspect of the present invention, the compensation information
may include title identification information identifying a title comprising the 2D
image, disc identification information identifying a disc having the title recorded
thereon, and/or user identification information for determining which of a plurality of

users is related to the compensation information when compensation information is
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stored with respect to the plurality of users. The compensation information may
include depth compensation values and depth values compensated for based on the
depth compensation values which are respectively for a plurality of objects and
backgrounds included in the 2D image.

According to another aspect of the present invention, the compensating for the depth
value to be applied to the pixel of a 2D image based on the depth compensation value
may include increasing or decreasing depth values of pixels of the 2D image according
to a same percentage value. The depth value to be applied to the pixel of the 2D image
may be in a range between N and M , where N < M and N and M are integers, and
compensating for the depth value to be applied to the pixel of the 2D image based on
the depth compensation value may include increasing the value of N and/or decreasing
the value of M, thereby allowing the pixels of the 2D image to respectively have a
depth value from among depth values in the adjusted range.

According to another aspect of the present invention, an image processing method is
provided. The method includes extracting compensation information including a
position compensation value or a position value compensated for based on the position
compensation value; and when the compensation information includes the position
compensation value, compensating for positions in a left-eye image and a right-eye
image based on the position compensation value, wherein the positions are obtained by
using a depth map about a 2D image and wherein a pixel of the 2D image is mapped to
the positions, and generating the left-eye image and the right-eye image including the
compensated positions to which the pixel is mapped, and when the compensation in-
formation includes the compensated position value, mapping the pixel to positions in a
left-eye image and a right-eye image so as to generate the left-eye image and the right-
eye image, wherein the positions are obtained based on the compensated position value
and wherein the pixel of the 2D image is mapped to the positions.

According to another aspect of the present invention, an image processing method is
provided. The method includes the operations of compensating for a depth value to be
applied to a pixel of a 2D image based on a depth compensation value received from a
user; generating a depth map about the 2D image based on the compensated depth
value, and obtaining positions in a left-eye image and a right-eye image based on the
depth map, wherein the pixel of the 2D image is mapped to the positions; generating
the left-eye image and the right-eye image including the positions to which the pixel is
mapped; and generating compensation information including the depth compensation
value and/or the compensated depth value, and storing the compensation information.

According to another aspect of the present invention, an image processing method is
provided. The method includes obtaining positions in a left-eye image and a right-eye

image based on a depth value to be applied to a pixel of a 2D image, wherein the pixel
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is mapped to the positions; adjusting the positions according to a position com-
pensation value received from a user; generating the left-eye image and the right-eye
image including the adjusted positions to which the pixel is mapped; and generating
compensation information including the position compensation value and/or the
adjusted positions, and storing the compensation information.

According to another aspect of the present invention, an image processing apparatus
is provided. The apparatus includes a compensation information processing unit to
extract compensation information including a depth compensation value or a depth
value compensated for based on the depth compensation value; a depth map generating
unit to compensate for a depth value to be applied to a pixel of a 2D image by using
the depth compensation value when the compensation information includes the depth
compensation value, and to generate a depth map about the 2D image based on the
compensated depth value, and to generate the depth map about the 2D image based on
the compensated depth value when the compensation information includes the com-
pensated depth value; and a 3D image generating unit to obtain positions in a left-eye
image and a right-eye image based on the depth map, wherein the pixel of the 2D
image is mapped to the positions, and to generate the left-eye image and the right-eye
image including the positions to which the pixel is mapped.

According to another aspect of the present invention, an image processing apparatus
is provided. The apparatus includes a compensation information processing unit to
extract compensation information including a position compensation value or a
position value compensated for based on the position compensation value; and a 3D
image generating unit to compensate for positions in a left-eye image and a right-eye
image by using the position compensation value when the compensation information
includes the position compensation value, wherein the positions are obtained by using
a depth map about a 2D image and wherein a pixel of the 2D image is mapped to the
positions, and to generate the left-eye image and the right-eye image including the
compensated positions to which the pixel is mapped, and to generate a left-eye image
and a right-eye image by mapping the pixel to positions in the left-eye image and the
right-eye image when the compensation information includes the compensated position
value, wherein the positions are obtained based on the compensated position value and
wherein the pixel of the 2D image is mapped to the positions.

According to another aspect of the present invention, an image processing apparatus
is provided. The apparatus includes a user interface to receive a depth compensation
value from a user; a depth map generating unit to compensate for a depth value to be
applied to a pixel of a 2D image based on the depth compensation value, and to
generate a depth map about the 2D image based on the compensated depth value; a 3D

image generating unit to obtain positions in a left-eye image and a right-eye image
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based on the depth map and to map the pixel of the 2D image to the positions, and to
generate the left-eye image and the right-eye image including the positions to which
the pixel is mapped; and a compensation information processing unit to generate com-
pensation information including the depth compensation value and/or the compensated
depth value, and to store the compensation information in a local storage unit.

According to another aspect of the present invention, an image processing apparatus
is provided. The apparatus includes a user interface to receive a position compensation
value from a user; a 3D image generating unit to obtain positions in a left-eye image
and a right-eye image based on a depth value to be applied to a pixel of a 2D image, to
map the pixel to the positions, to adjust the positions according to the position com-
pensation value, and to generate the left-eye image and the right-eye image including
the adjusted positions to which the pixel is mapped; and a compensation information
processing unit to generate compensation information including the position com-
pensation value and/or the adjusted positions, and to store the compensation in-
formation.

According to another aspect of the present invention, a computer readable in-
formation storing medium is provided, having stored thereon a program to execute an
image processing method. The method includes extracting compensation information
including a depth compensation value or a depth value compensated for based on the
depth compensation value; when the compensation information includes the depth
compensation value, compensating for a depth value to be applied to a pixel of a 2D
image based on the depth compensation value, and generating a depth map about the
2D image based on the compensated depth value; when the compensation information
includes the compensated depth value, generating the depth map about the 2D image
based on the compensated depth value; obtaining positions in a left-eye image and a
right-eye image based on the depth map and mapping the pixel of the 2D image to the
positions; and generating the left-eye image and the right-eye image including the
positions to which the pixel is mapped.

According to another aspect of the present invention, a computer readable in-
formation storing medium is provided, having stored thereon a program to execute an
image processing method. The method includes extracting compensation information
including a position compensation value or a position value compensated for based on
the position compensation value; and when the compensation information includes the
position compensation value, compensating for positions in a left-eye image and a
right-eye image based on the position compensation value, wherein the positions are
obtained based on a depth map about a 2D image and wherein a pixel of the 2D image
is mapped to the positions, and generating the left-eye image and the right-eye image

including the compensated positions to which the pixel is mapped, and when the com-
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pensation information includes the compensated position value, mapping the pixel to
positions in the left-eye image and the right-eye image so as to generate the left-eye
image and the right-eye image, wherein the positions are obtained based on the com-
pensated position value and wherein the pixel of the 2D image is mapped to the

positions.
According to another aspect of the present invention, a computer readable in-

formation storing medium is provided, having stored thereon a program to execute an
image processing method. The method includes compensating for a depth value to be
applied to a pixel of a 2D image based on a depth compensation value received from a
user; generating a depth map about the 2D image based on the compensated depth
value, obtaining positions in a left-eye image and a right-eye image based on the depth
map, and mapping the pixel of the 2D image to the positions; generating the left-eye
image and the right-eye image including the positions to which the pixel is mapped;
and generating compensation information including the depth compensation value and/
or the compensated depth value, and storing the compensation information.

According to another aspect of the present invention, a computer readable in-
formation storing medium is provided, having stored thereon a program to execute an
image processing method including obtaining positions in a left-eye image and a right-
eye image based on a depth value to be applied to a pixel of a 2D image and mapping
the pixel to the positions; adjusting the positions according to a position compensation
value received from a user; generating the left-eye image and the right-eye image
including the adjusted positions to which the pixel is mapped; and generating com-
pensation information including the position compensation value and/or the adjusted
positions, and storing the compensation information.

Additional aspects and/or advantages of the invention will be set forth in part in the
description which follows and, in part, will be obvious from the description, or may be
learned by practice of the invention.

Mode for the Invention

This application claims the benefit of Korean Patent Application No.
10-2008-0134954, filed in the Korean Intellectual Property Office on December 26,
2008, the disclosure of which is incorporated herein by reference.

Reference will now be made in detail to the present embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout. The embodiments are
described below in order to explain the present invention by referring to the figures.

FIG. 1 is a block diagram of an image processing apparatus 100 according to an em-

bodiment of the present invention. The image processing apparatus 100 includes a
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video data decoding unit 110, a metadata analyzing unit 120, a user interface 130, a
depth map generating unit 140, a three-dimensional (3D) image generating unit 150, a
compensation information processing unit 160, and a local storage unit 170. According
to other aspects of the present invention, the image processing apparatus 100 may
include additional and/or different units. Similarly, the functionality of two or more of
the above units may be integrated into a single component.

Video data and/or metadata about the video data may be recorded onto a disc or in
the local storage unit 170 in a multiplexed or independent manner, or may be stored in
an external server.

When the video data and/or metadata about the video data are stored in the external
server, the image processing apparatus 100 may download the video data and/or
metadata about the video data from the external server. For this purpose, the image
processing apparatus 100 may further include a communicating unit (not shown) to
perform wired or wireless communication with the external server. The external server
may be operated by a content provider, such as a broadcasting station or a general
content manufacturing company. When a user requests content, the external server
storing the video data and/or metadata about the video data extracts and provides the
requested content to the user.

The video data decoding unit 110 reads and decodes the video data. The video data
decoding unit 110 transmits the decoded video data to the 3D image generating unit
150.

The metadata analyzing unit 120 reads and analyzes the metadata. The metadata
includes additional information enabling the video data based on two-dimensional (2D)
images to be output as 3D images. Since the video data is comprised of frames (i.e., a
plurality of 2D images), the metadata includes additional information about the frames.
In order to identify the video data about which the metadata refers, the metadata
includes information identifying the video data. When the video data is recorded onto a
disc, the information identifying the video data includes a disc identifier identifying the
disc having the video data recorded thereon, and a title identifier indicating a title
including the video data in the disc that is identified by the disc identifier. The
metadata may be recorded in a lead-in area, a user data area, and/or a lead-out area of
the disc.

A frame, that is, a 2D image, includes an image about a background and an image of
an object not part of the background. The object indicates a person, a building, or the
like, which has a vertical component.

The metadata analyzing unit 120 analyzes the metadata, thereby extracting
background depth information for the generation of a depth map about the background

(hereinafter, referred to as a ‘background depth map’), and extracting object depth in-
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formation for the generation of a depth map about the object (hereinafter, referred to as
‘object depth map’). The metadata analyzing unit 120 transmits the background depth
information and the object depth information to the depth map generating unit 140.

The depth map generating unit 140 generates a depth map about the 2D image based
on the metadata analyzed by the metadata analyzing unit 120. The image processing
apparatus 100 uses the depth map to give depth to the 2D image frame. A depth value
refers to a degree of depth of predetermined pixels in an image. The degree of the
depth of the image varies in a direction parallel with a direction in which the image is
output. In this regard, when a depth value approaches 0, since the depth value becomes
lower, a pixel having the depth value is recognized to be distant from a viewer. On the
other hand, when a depth value becomes higher, a pixel having the depth value is
recognized to be close to the viewer. Pixels of the 2D image may have different depth
values.

The depth map generating unit 140 generates the background depth map based on the
background depth information. The generation of the background depth map indicates
that depth is given to each pixel of an image included in the background so as to give
depth to the image including the background of the 2D image.

The depth map generating unit 140 generates the object depth map based on the
object depth information. The generation of the object depth map indicates that depth
is given to pixels of an image including the object so as to give depth to the object of
the 2D image. If a plurality of objects exist, the depth map generating unit 140
generates depth maps for each of the plurality of objects, and combines the depth
maps, thereby generating a depth map about the plurality of objects. The depth map
generating unit 140 combines the background depth map and the object depth map,
thereby generating a depth map about the 2D image. The depth map generating unit
140 transmits the generated depth map to the 3D image generating unit 150.

The 3D image generating unit 150 generates two images, a left-eye image and a
right-eye image with respect to the 2D image, based on the decoded video data
received from the video data decoding unit 110 and the depth map received from the
depth map generating unit 140. The 3D image generating unit 150 may detect depth
values for all pixels of the 2D image based on the depth map about the 2D image. The
3D image generating unit 150 generates the left-eye image and the right-eye image in
such a manner that a pixel at a predetermined position in the 2D image may be mapped
to be at positions that are a predetermined distance from the predetermined position in
left and right directions. The positions in the left-eye image and the right-eye image, to
which the pixel of the 2D image is mapped, vary according to a depth value to be
applied to the pixel. When the depth of the pixel of the 2D image increases, in other

words, when a depth value of the pixel approaches 0, the pixel is mapped to the
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positions in the left-eye image and the right-eye image, wherein the positions are
distant from the predetermined position in the 2D image in horizontal left and right di-
rections.

The user interface 130 manages the interface between a user and the image
processing apparatus 100, thereby delivering a command from the user to the com-
pensation information processing unit 160. The user may input a depth compensation
value or a position compensation value to the image processing apparatus 100 via the
user interface 130, and may request generation of compensation information. After the
compensation information is generated and stored in the local storage unit 170, the user
using the user interface 130 may select whether video data is to be reproduced with a
depth compensated for based on the compensation information or may re-compensate
for the compensation information. The user interface 130 includes, for example, a
remote controller, or a keypad installed in the image processing apparatus 100.

The compensation information processing unit 160 generates the compensation in-
formation based on the depth compensation value or the position compensation value
input from the user via the user interface 130. The depth compensation value indicates
a value for adjusting depth values to be applied to the pixels of the 2D image. The
position compensation value indicates a value for adjusting the positions in the left-eye
image and the right-eye image, wherein the pixel at the predetermined position in the
2D image is to be mapped to the positions when the left-eye image and the right-eye
image are generated based on the 2D image.

When the compensation information processing unit 160 receives the depth com-
pensation value from the user, the compensation information processing unit 160
informs the depth map generating unit 140 of the depth compensation value. The depth
map generating unit 140 generates the depth map about the 2D image based on the
metadata, and adjusts the depth values of the depth map based on the depth com-
pensation value received from the compensation information processing unit 160. In
order to adjust the depth values of the depth map, the depth map generating unit 140
may increase or decrease the depth values of the pixels of the 2D image according to
an equal rate. For example, where a range of a depth value is between O through 255,
all depth values may be decreased by 50% so that the depth value may be between 0
through 127. In this case, since the depth values of all pixels of the 2D image are
decreased by 50% compared to their original values, a depth is doubled. The depth
map generating unit 140 may also adjust the range of the depth value to be between
100 through 200. In this case, a difference between the depth values of the pixels is
decreased from a maximum of 255 to 100 so that a difference in depth between the
pixels of the 2D image is decreased.

The compensation information processing unit 160 generates the compensation in-
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formation including the depth compensation value input from the user or the depth
value compensated for according to the depth compensation value, and stores the com-
pensation information along with information identifying the 2D image in the local
storage unit 170. With reference to the aforementioned example, the compensation in-
formation processing unit 160 may generate and store compensation information
including the depth compensation value for decreasing the depth values by 50%, or
may generate and store compensation information including depth values compensated
for according to the depth compensation value, that is, the depth values of the pixels
having the range between 0 through 127.

When the compensation information processing unit 160 receives the position com-
pensation value from the user, the compensation information processing unit 160
transmits the position compensation value to the 3D image generating unit 150. The
3D image generating unit 150 generates the left-eye image and the right-eye image
based on the depth map about the 2D image received from the depth map generating
unit 140 in such a manner that the pixels of the 2D image are respectively mapped to
positions that are horizontally distant from their original positions by each of prede-
termined distances. When the 3D image generating unit 150 receives the position com-
pensation value from the compensation information processing unit 160, the 3D image
generating unit 150 adjusts positions, to which predetermined pixels are mapped in the
left-eye image and the right-eye image, based on the position compensation value. A
method of adjusting the positions to which the predetermined pixel is mapped in the
left-eye image and the right-eye image based on the position compensation value, will
be described below in relation to FIG. 2.

The compensation information processing unit 160 generates the compensation in-
formation including the position compensation value input from the user or the
position value compensated for according to the position compensation value, and
stores the compensation information along with information for identifying the 2D
image in the local storage unit 170.

The local storage unit 170 stores information downloaded from the external server.
The local storage unit 170 may also store compensation information including the
depth compensation value or the position compensation value input from the user via
the user interface 130, or store compensation information including the depth value,
which is compensated for by the depth map generating unit 140 based on the depth
compensation value, or the position value which is compensated for by the 3D image
generating unit 150 based on the position compensation value.

After generating the left-eye image and the right-eye image, the 3D image generating
unit 150 generates an image of a 3D format including the left-eye image and the right-

eye image as one frame. Types of the 3D format include a top-down format, a side by
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side format, an interlaced format, etc.

The 3D image generating unit 150 outputs the image of the 3D format to an output
device (not shown). The output device may be included in the image processing
apparatus 100. The output device sequentially outputs the left-eye image and the right-
eye image to a screen. With respect to one eye, when images are output at a frame rate
of a minimum of 60 Hz, a viewer recognizes that the images are sequentially re-
produced without any image stutter. Therefore, in order to allow images input via left/
right eyes to be combined and then recognized as a 3D image by the viewer, the output
device should output the images at a frame rate of at least 120 Hz. The output device
sequentially displays the left-eye image and the right-eye image which are included in
the frame by a unit of 1/120 sec. By doing so, the left-eye image and the right-eye
image are respectively received by the left eye and the right eye of the viewer, the
viewer’s brain combines the left-eye image and the right-eye image, and thus
recognizes the 3D image.

In addition, unlike FIG. 1, in which the compensation information processing unit
160 is included in the image processing apparatus 100 as hardware, functions
performed by the compensation information processing unit 160 may be implemented
as software via a Blu-ray Disc (BD) Java application recorded onto a disc. In the case
where the image processing apparatus 100 uses the BD Java application, when an
image is first reproduced, the BD Java application checks whether the compensation
information is stored in the local storage unit 170, and reads the compensation in-
formation.

When a user inputs a compensation value, the BD Java application delivers in-
formation input by the user to the depth map generating unit 140 or to the 3D image
generating unit 150. The BD Java application may generate and store compensation in-
formation in the local storage unit 170.

FIG. 2 illustrates a method of adjusting positions, to which a predetermined pixel is
mapped in a left-eye image and a right-eye image, based on a position compensation
value, according to an embodiment of the present invention. Referring to FIG. 2A,
original positions of a first pixel and a second pixel are marked in a 2D image. The 3D
image generating unit 150 generates a left-eye image and a right-eye image where the
first and second pixels of the 2D image are mapped to positions that are a prede-
termined distance from their original positions of the 2D image based on a depth map
received from the depth map generating unit 140.

FIG. 2B illustrates the left-eye image and the right-eye image, which are generated
by the 3D image generating unit 150. The 3D image generating unit 150 generates the
left-eye image and the right-eye image in such a manner that the first pixel of the 2D

image is mapped to a position that is horizontally distant from the original position by
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10 pixels in both left and right directions, and the second pixel of the 2D image is
mapped to a position that is horizontally distant from the original position by 2 pixels
in both left and right directions. In the case where the 3D image generating unit 150
receives a position compensation value from the compensation information processing
unit 160, the 3D image generating unit 150 adjusts positions based on the position
compensation value, wherein a predetermined pixel is mapped to the positions in a left-
eye image and a right-eye image.

FIG. 2C illustrates a left-eye image and a right-eye image, in which a position
movement value is compensated for by the 3D image generating unit 150 based on the
position movement value received from a user. When a position compensation value
requiring that a movement distance be decreased by 50% is received from a user via
the compensation information processing unit 160, the 3D image generating unit 150
adjusts the position movement value in such a manner that the first pixel is mapped to
a position that is distant from the original position in the 2D image by 5 pixels, instead
of 10 pixels, in both left and right directions, and the second pixel is mapped to a
position that is distant from the original position in the 2D image by 1 pixel, not 2
pixels, in both left and right directions. In this case, depths with respect to the first
pixel and the second pixel are decreased by 50%, compared to their original depths.
Thus, when the user views a 3D image, the user may adjust for dizziness or discomfort
due to depth with respect to each pixel of the 3D image.

The compensation information processing unit 160 generates compensation in-
formation including the position compensation value or the position value com-
pensated for based on the position compensation value, and stores the compensation
information in the local storage unit 170. Referring to FIG. 2, the compensation in-
formation processing unit 160 may store the position compensation value requiring
that the position movement value be decreased by 50%, or may store compensated
position values indicating that the first pixel and the second pixel are respectively
moved to the positions distant from their original positions by +5/-5 pixels and +1/-1
pixels according to the position movement value.

In this manner, the image processing apparatus 100 according to the embodiment of
FIG. 1 may generate and store the compensation information so that, when a 2D image
is reproduced at a later time, a user may allow left and right position movement values
of a pixel to be adjusted in a left-eye image and a right-eye image based on the stored
compensation information without having to re-input the position values again,
wherein the left-eye image and the right-eye image are generated from the 2D image.

FIG. 3 illustrates compensation information generated by the image processing
apparatus 100 of FIG. 1, according to an embodiment of the present invention.

Referring to FIG. 3A, the compensation information includes image identification in-
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formation to identify a 2D image to which the compensation information will be
applied. The image identification information may include a frame number, a time at
which an image is reproduced, other information capable of identifying the image, and
the like.

The compensation information includes a compensation value with respect to the
identified image. The compensation value may be a position compensation value or a
depth compensation value. The compensation information may further include com-
pensation value identification information indicating whether the compensation value
corresponds to the depth compensation value, a depth value compensated for by the
depth compensation value, the position compensation value, or a position value com-
pensated for by the position compensation value and indicating whether the com-
pensation value includes a fixed value or a percentage value. The compensation in-
formation may further include title identification information identifying a title
including the 2D image and disc identification information identifying a disc having
the title recorded thereon.

The compensation information may be stored for each user. In this case, the com-
pensation information may further include user identification information indicating
which user corresponds to current compensation information.

FIGS. 3A and 3B illustrate the generation of the compensation information according
to user instruction. When an image sequence is reproduced, a user inputs the depth
compensation value or the position compensation value via the user interface 130.
Referring to FIG. 3B, if the user inputs a compensation value, when a predetermined
frame is reproduced, the compensation information processing unit 160 may store
therein the image identification information including one from among a prede-
termined frame number, a time at which the predetermined frame is reproduced, and
other information capable of identifying the predetermined frame.

FIG. 3C corresponds to the compensation information generated by the com-
pensation information processing unit 160. Referring to FIG. 3C, it is possible to see
that a “frame#” is used as the image identification information, and the compensation
value is indicated as a “percent value”.

When a first frame is reproduced and a user inputs a position compensation value of
60%, the compensation information processing unit 160 generates compensation in-
formation including a frame number 1 and a position compensation value of 60%.
When a 100th frame is reproduced and the user inputs a position compensation value
of 90%, the compensation information processing unit 160 includes a frame number
100 and a position compensation value of 90% in the compensation information. When
a 1001st frame is reproduced and the user inputs a position compensation value of

80%, the compensation information processing unit 160 includes a frame number 1001
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and a position compensation value of 80% in the compensation information.

The compensation information processing unit 160 generates the compensation in-
formation as soon as the user inputs the compensation value, and stores the com-
pensation information in the local storage unit 170.

FIG. 4 is a diagram of a directory structure of the local storage unit 170 according to
an embodiment of the present invention when the local storage unit 170 contains com-
pensation information. A ROOT directory may exist at an uppermost level in an area
storing the compensation information, and different sub-directories may be generated
for each of disc identification information and title identification information. Where
the compensation information is generated for each user, sub-directories may be
generated according to user identification information so that a compensation in-
formation data file may be stored in each of the sub-directories for each user.

As illustrated in FIG. 4, the compensation information may be stored in each
directory. However, unlike the directory structure of FIG. 4, the compensation in-
formation may be stored in the local storage unit 170 as a file whose name is distin-
guishable from other file names and indicates a disc and a title.

The compensation information processing unit 160 generates the compensation in-
formation as soon as a user inputs a compensation value, and stores the compensation
information in the local storage unit 170. When the user attempts to use the com-
pensation information at a later time, the compensation information processing unit
160 searches for and extracts user desired compensation information, thereby
transmitting the user desired compensation information to the depth map generating
unit 140 or the 3D image generating unit 150. When the user wants to re-compensate
for compensation information previously stored in the local storage unit 170, the com-
pensation information processing unit 160 re-compensates for the compensation in-
formation according to a user instruction, and re-stores the compensation information
again in the local storage unit 170.

FIG. 5 is a flowchart of an image processing method, according to an embodiment of
the present invention. When the image processing apparatus 100 reproduces a 2D
image as a 3D image, the compensation information processing unit 160 determines
whether compensation information about an image to be reproduced is stored in the
local storage unit 170. Using image identification information included in the com-
pensation information so as to identify the 2D image, the compensation information
processing unit 160 may determine whether the compensation information about the
identified 2D image is stored in the local storage unit 170.

The compensation information may include title identification information
identifying a title including the 2D image, disc identification information identifying a

disc having the title recorded thereon, and/or user identification information for de-



15

WO 2010/074437 PCT/KR2009/007387

[70]

[71]

[72]

[73]

[74]

[75]

termining which user is related to the compensation information when a plurality
pieces of compensation information are stored with respect to a plurality of users.

If the local storage unit 170 contains the compensation information about the image
to be reproduced, then in operations 510 and 520 the compensation information
processing unit 160 extracts the compensation information, and determines whether the
extracted compensation information includes a depth compensation value based on
identification information indicating whether the compensation information includes
the depth compensation value or a depth value that is compensated for based on the
depth compensation value.

If the compensation information includes the depth compensation value, the com-
pensation information processing unit 160 delivers the depth compensation value to the
depth map generating unit 140. The depth map generating unit 140 compensates for a
depth value to be applied to a pixel of the 2D image based on the depth compensation
value, and transmits a depth map having the compensated depth value to the 3D image
generating unit 150 in operation 530. The depth map generating unit 140 may increase
or decrease depth values of all pixels of the 2D image according to a similar
percentage value so as to compensate for the depth value. The depth map generating
unit 140 may also adjust a range, which is of the depth value to be applied to the pixel
of the 2D image, to be different from a range of an original depth value. For example,
where depth values applicable to the pixels of the 2D image are between N and M
(where N < M and N and M are integers), the depth map generating unit 140 may
adjust a depth value range of the pixels in such a manner that the pixels of the 2D
image may have depth values in a predetermined range that is higher than the N value
and lower than the M value.

The 3D image generating unit 150 obtains positions in a left-eye image and a right-
eye image based on the compensated depth value in operation 540, wherein the pixel
of the 2D image is mapped to the positions.

If the compensation information does not include the depth compensation value, the
compensation information processing unit 160 determines whether the compensation
information includes the compensated depth value in operation 550. If the com-
pensation information includes the compensated depth value, then in operation 560 the
compensation information processing unit 160 obtains the positions in the left-eye
image and the right-eye image based on the compensated depth value, wherein the
pixel of the 2D image is mapped to the positions.

The compensation information processing unit 160 generates the left-eye image and
the right-eye image including the positions to which the pixel is mapped in operation
570.

The compensation information may include compensation values respectively for a
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plurality of objects and backgrounds included in the 2D image. In this case, the depth
map generating unit 140 may separately compensate for depth values for the objects
and the backgrounds of the 2D image, and may transmit a depth map including the
compensated depth values to the 3D image generating unit 150.

In this manner, after a user inputs the compensation information, the user may view a
3D image having a compensated depth. Thus, the user does not have to go through the
inconvenience of re-inputting the compensation information whenever he or she views
the image.

The image processing method and apparatus according to aspects of the present
invention may adjust a depth of a 3D image according to a user selection, may store in-
formation about the user selection or the adjusted depth, and thus may generate a 3D
image having a same depth at a later time.

Although a few embodiments of the present invention have been shown and
described, it would be appreciated by those skilled in the art that changes may be made
in this embodiment without departing from the principles and spirit of the invention,

the scope of which is defined in the claims and their equivalents.
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Claims

An image processing method comprising:

extracting compensation information comprising a depth compensation
value or a depth value compensated for based on the depth com-
pensation value;

when the compensation information comprises the depth compensation
value, compensating for a depth value to be applied to a pixel of a 2D
(two-dimensional) image based on the depth compensation value, and
generating a depth map about the 2D image based on the compensated
depth value, and

when the compensation information comprises the compensated depth
value, generating the depth map about the 2D image based on the com-
pensated depth value;

obtaining positions in a left-eye image and a right-eye image based on
the depth map, wherein the pixel of the 2D image is mapped to the
positions; and

generating the left-eye image and the right-eye image in which the
pixels are mapped to the obtained positions.

The image processing method of claim 1, wherein the compensation in-
formation comprises image identification information identifying the
2D image.

The image processing method of claim 1, wherein the compensation in-
formation comprises compensation value identification information in-
dicating whether the compensation information includes the depth com-
pensation value or the depth value compensated for based on the depth
compensation value.

The image processing method of claim 2, wherein the compensation in-
formation comprises title identification information identifying a title
comprising the 2D image, disc identification information identifying a
disc having the title recorded thereon, and/or user identification in-
formation for determining which of a plurality of users is related to the
compensation information when compensation information is stored
with respect to the plurality of users.

The image processing method of claim 2, wherein the compensation in-
formation comprises depth compensation values or depth values com-
pensated for based on the depth compensation values which are re-

spectively for a plurality of objects and backgrounds included in the 2D
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image.

The image processing method of claim 4, wherein the compensating for
the depth value to be applied to the pixel of a 2D image based on the
depth compensation value comprises increasing or decreasing depth
values of pixels of the 2D image according to the same percentage
value.

The image processing method of claim 4, wherein:

the depth value to be applied to the pixel of the 2D image is in a range
between an N and M value, where N < M and N and M are integers,
and

the compensating for the depth value to be applied to the pixel of the
2D image based on the depth compensation value comprises increasing
the value of N and/or decreasing the value of M, thereby allowing the
pixels of the 2D image to respectively have a depth value from among
depth values in the adjusted range.

An image processing method comprising:

extracting compensation information comprising a position com-
pensation value or a position value compensated for based on the
position compensation value; and

when the compensation information comprises the position com-
pensation value, compensating for positions in a left-eye image and a
right-eye image based on the position compensation value, wherein the
positions are obtained based on a depth map about a 2D image and
wherein a pixel of the 2D image is mapped to the positions, and
generating the left-eye image and the right-eye image comprising the
compensated positions to which the pixel is mapped, and

when the compensation information comprises the compensated
position value, mapping the pixel to positions in the left-eye image and
the right-eye image so as to generate the left-eye image and the right-
eye image, wherein the positions are obtained based on the com-
pensated position value and wherein the pixel of the 2D image is
mapped to the positions.

An image processing method comprising:

compensating for a depth value to be applied to a pixel of a 2D image
based on a depth compensation value received from a user;

generating a depth map about the 2D image based on the compensated
depth value, and obtaining positions in a left-eye image and a right-eye

image based on the depth map, wherein the pixel of the 2D image is
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mapped to the positions;

generating the left-eye image and the right-eye image comprising the
positions to which the pixel is mapped; and

generating compensation information comprising the depth com-
pensation value and/or the compensated depth value, and storing the
compensation information.

The image processing method of claim 9, further comprising:

adjusting the positions according to a position compensation value
received from a user; and

wherein the generating of the left-eye image and the right-eye image
comprises generating the left-eye image and the right-eye image
comprising the adjusted positions to which the pixel is mapped; and
wherein the generating of the compensation information comprises
generating compensation information further comprising the position
compensation value and/or the adjusted positions, and storing the com-
pensation information.

An image processing apparatus, comprising:

a compensation information processing unit to extract compensation in-
formation comprising a depth compensation value or a depth value
compensated for based on the depth compensation value;

a depth map generating unit to compensate for a depth value to be
applied to a pixel of a 2D image based on the depth compensation value
when the compensation information comprises the depth compensation
value, and to generate a depth map about the 2D image based on the
compensated depth value, and to generate the depth map about the 2D
image based on the compensated depth value when the compensation
information comprises the compensated depth value; and

a three-dimensional (3D) image generating unit to obtain positions in a
left-eye image and a right-eye image based on the depth map, wherein
the pixel of the 2D image is mapped to the positions, and to generate
the left-eye image and the right-eye image comprising the positions to
which the pixel is mapped.

A computer readable information storing medium having stored
thereon a program to execute an image processing method, the method
comprising:

extracting compensation information comprising a depth compensation
value or a depth value compensated for based on the depth com-

pensation value;
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when the compensation information comprises the depth compensation
value, compensating for a depth value to be applied to a pixel of a 2D
image based on the depth compensation value, and generating a depth
map about the 2D image based on the compensated depth value, and
when the compensation information comprises the compensated depth
value, generating the depth map about the 2D image based on the com-
pensated depth value;

obtaining positions in a left-eye image and a right-eye image based on
the depth map, wherein the pixel of the 2D image is mapped to the
positions; and

generating the left-eye image and the right-eye image comprising the

positions to which the pixel is mapped.
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