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Description
Title of Invention: APPARATUS AND METHOD FOR
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Technical Field

The exemplary embodiments generally relate to an apparatus and method for
converting an image in an image processing system. More particularly, the exemplary
embodiments relate to an apparatus and method for converting a low-definition picture
to a high-definition picture in an image processing system.

Background Art

In general, digital images are displayed on a screen by interlaced scanning or pro-
gressive scanning according to the configuration of a frame. A high-definition picture
is acquired by the interlaced scanning, whereas a low-definition picture is acquired by
the progressive scanning.

A frame is realized by scanning odd-numbered lines in a top field and scanning even-
numbered lines in a bottom field in the interlaced scanning scheme. Therefore, the
height of each field is equal to half the height of the frame. The interlaced scanning is
adopted to realize a high-definition screen such as 1920x1280 in a High Definition TV
(HDTV).

Compared to the interlaced scanning, the progressive scanning forms a frame by se-
quentially scanning an image, line by line. The progressive scanning is used to acquire
a low-definition screen such as 1280x720 in a computer monitor, a digital TV, etc.

Accordingly, there exists a need for, upon input of a low-definition picture,
converting the low-definition picture to a high-definition picture in an image
processing system capable of simultaneously processing a low-definition picture
supporting the progressive scanning and a high-definition picture supporting the in-
terlaced scanning.

The image processing system should also be able to minimize the amount of ad-
ditional information required for converting a low-definition picture to a high-
definition picture.

Disclosure of Invention

Technical Problem

An aspect of exemplary embodiments of the present invention is to address at least
the problems and/or disadvantages and to provide at least the advantages described
below. Accordingly, an aspect of exemplary embodiments of the present invention is to
provide an apparatus and method for converting a low-definition picture to a high-

definition picture in an image processing system.
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Another aspect of exemplary embodiments of the present invention provides an
apparatus and method for converting a low-definition picture to a high-definition

picture according to characteristics of a source picture in an image processing system.
Another aspect of exemplary embodiments of the present invention provides an

apparatus and method for converting a low-definition picture to a high-definition
picture in such a manner that the pixel values of a residual image are minimized in an
image processing system.

A further aspect of exemplary embodiments of the present invention provides an
image conversion apparatus and method for reflecting the importance of a plurality of
low-definition video frames when a high-definition video frame is generated using the

plurality of low-definition video frames in an image processing system.

Solution to Problem

In accordance with an aspect of exemplary embodiments of the present invention,
there is provided a method for converting an image in an image processing system, in
which if a plurality of low-definition video frames are used for converting a low-
definition picture to a high-definition picture, a weight is determined for each of the
plurality of low-definition video frames, and one of two image fields that form a high-
definition video frame is generated using the plurality of low-definition video frames
according to the weights of the plurality of low-definition video frames.

In accordance with another aspect of exemplary embodiments of the present
invention, there is provided an image conversion apparatus in an image processing
system, in which if a plurality of low-definition video frames are used for converting a
low-definition picture to a high-definition picture, a controller determines a weight for
each of the plurality of low-definition video frames, and a converter generates one of
two image fields that form a high-definition video frame using the plurality of low-
definition video frames according to the weights of the plurality of low-definition
video frames.

In accordance with another aspect of exemplary embodiments of the present
invention, there is provided a method for converting an image in an image processing
system, in which when a high-definition picture is to be generated using a single low-
definition video frame, a top field and a bottom field that form the high-definition
picture are generated using the single low-definition video frame, when the high-
definition picture is to be generated using two consecutive low-definition video frames
without applying any weight to the two consecutive low-definition video frames, the
top field of the high-definition picture is generated using a preceding low-definition
video frame between the two consecutive low-definition video frames and the bottom

field of the high-definition picture is generated using the two consecutive low-
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definition video frames, and when the high-definition picture is to be generated using
the two consecutive low-definition video frames according to weights for the two con-
secutive low-definition video frames, the top field of the high-definition picture is
generated using the preceding low-definition video frame between the two consecutive
low-definition video frames and the bottom field of the high-definition picture is

generated by applying the weights to the two consecutive low-definition video frames.
In accordance with a further aspect of exemplary embodiments of the present

invention, there is provided an image conversion apparatus in an image processing
system, in which a top field generator generates a top field of a high-definition picture
using a single low-definition video frame or using a preceding low-definition video
frame between two consecutive low-definition video frames, and a bottom field
generator generates a bottom field of the high-definition picture using the single low-
definition video frame or the two consecutive low-definition video frames. The top
field generator generates the top field of the high-definition picture using the single
low-definition video frame, when the high-definition picture is to be generated using
the single low-definition video frame, generates the top field of the high-definition
picture using the preceding low-definition video frame between the two consecutive
low-definition video frames, when the high-definition picture is to be generated using
the two consecutive low-definition video frames without applying any weight to the
two consecutive low-definition video frames, and generates the top field of the high-
definition picture using the preceding low-definition video frame between the two con-
secutive low-definition video frames, when the high-definition picture is to be
generated using the two consecutive low-definition video frames without applying any
weight to the two consecutive low-definition video frames. The bottom field generator
generates the bottom field of the high-definition picture using the single low-definition
video frame, when the high-definition picture is to be generated using the single low-
definition video frame, generates the bottom field of the high-definition picture using
the two consecutive low-definition video frames, when the high-definition picture is to
be generated using the two consecutive low-definition video frames without applying
any weight to the two consecutive low-definition video frames, and generates the
bottom field of the high-definition picture by applying the weights to the two con-
secutive low-definition video frames, when the high-definition picture is to be
generated using the two consecutive low-definition video frames according to the

weights for the two consecutive low-definition video frames.
Brief Description of Drawings
FIG. 1 is a block diagram of a hierarchical image processing system according to an

exemplary embodiment of the present invention;
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FIG. 2 is a block diagram of an image conversion apparatus according to an

exemplary embodiment of the present invention;
FIG. 3 is a flowchart illustrating a control operation of a controller in the image

conversion apparatus according to an exemplary embodiment of the present invention;
FIG. 4 is a flowchart illustrating a control operation of a converter in the image
conversion apparatus according to an exemplary embodiment of the present invention;
FIG. 5 illustrates an image conversion operation for generating one high-definition
video frame using one low-definition video frame in the converter according to an
exemplary embodiment of the present invention; and
FIG. 6 illustrates an image conversion operation for generating one high-definition
video frame using two low-definition video frames in the converter according to an

exemplary embodiment of the present invention.

Best Mode for Carrying out the Invention

The matters defined in the description such as a detailed construction and elements
are provided to assist in a comprehensive understanding of exemplary embodiments of
the invention. Accordingly, those of ordinary skill in the art will recognize that various
changes and modifications of the exemplary embodiments described herein can be
made without departing from the scope and spirit of the invention. Also, descriptions
of well-known functions and constructions are omitted for clarity and conciseness.

The following description is made with the appreciation that an image processing
system for simultaneously processing a low-definition picture and a high-definition
picture is a hierarchical image processing system, by way of example. However, it is to
be understood that the exemplary embodiments of the present invention are applicable
to every image processing system that simultaneously processes a low-definition
picture and a high-definition picture.

For the input of a source picture, the hierarchical image processing system outputs
both a low-definition picture and a high-definition picture. The low-definition picture
may be scanned by progressive scanning, for example, and the high-definition picture
may be scanned by interlaced scanning, for example.

In accordance with an exemplary embodiment of the present invention, for up-
conversion of a low-definition picture to a high-definition picture, the number of low-
definition pictures to be used for the upconversion and, in case of a plurality of low-
definition pictures, the importance of each low-definition picture are determined,
taking into account characteristics of the source picture. The importance of each low-
definition picture is reflected as a weight applied to the low-definition picture.

To this end, a description will be made of the configuration and operation of the hier-

archical image processing system and the configuration and operation of an image
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conversion apparatus in the hierarchical image processing system according to
exemplary embodiments of the present invention.

A.Configuration and Operation of the Hierarchical Image Processing System

A description will be made below of the configuration and operation of a hierarchical
image processing system to which an image conversion method is applied according to
an exemplary embodiment of the present invention.

FIG. 1 is a block diagram of a hierarchical image processing system according to an
exemplary embodiment of the present invention.

Referring to FIG. 1, the hierarchical image processing system includes an encoding
device 100 and a decoding device 150.

For the input of a high-definition picture as a source picture, the encoding device 100
outputs a coded low-definition picture and a coded residual image. A residual image
before coding is defined as pixel values based on the difference between the input
high-definition picture and a high-definition picture recovered in the encoding device
100.

For this purpose, the encoding device 100 includes a format downconverter 101, a
Coder-Decoder (CODEC) 103, a buffer 105, a format upconverter 107, a subtractor
109, a residual mapping and scaling unit 111, and a residual encoder 113.

The format downconverter 101 receives a high-definition picture as a source picture
and outputs a low-definition picture. That is, the format downconverter 101 outputs a
downconverted sequence by downconverting the received high-definition picture.

The CODEC 103 encodes the downconverted sequence received from the format
downconverter 101 to a bit stream of the coded low-definition picture and outputs the
bit stream to the decoding device 150.

The CODEC 103 further recovers the bit stream of the coded low-definition picture
and provides the recovered bit stream to the buffer 105. The low-definition picture is
included in a base layer and a VC-1 or H.264 CODEC may be used as the CODEC
103.

The buffer 105 buffers the recovered low-definition picture.

The format upconverter 107 performs upconversion to recover an upconverted base
layer sequence from at least one low-definition video frame received from the buffer
105. That is, the format upconverter 107 converts at least one low-definition video
frame received from the buffer 105 to a high-definition picture having the resolution of
the source picture. The high-definition picture upconverted by the format upconverter
107 is referred to as a “recovered high-definition picture”.

To do so, the format upconverter 107 determines the number of low-definition video
frames (P2I_METHOD) to be used for the upconversion, taking into account charac-

teristics of the source picture. If the number of low-definition video frames is 2 or
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larger (P2I_METHOD==1), the format upconverter 107 determines a weight for each
of the low-definition video frames (P2I_WEIGHTING), taking into account the char-
acteristics of the source picture. A higher weight is allocated to a low-definition video
frame with higher importance and a lower weight is allocated to a low-definition video
frame with lower importance (P21 WEIGHTING==1). If the plurality of low-
definition video frames have the same importance, an identical weight is allocated to
all of the low-definition video frames (P2I_WEIGHTING==0).

On the other hand, if the number of low-definition video frames for use in the up-
conversion is 1 (P2I_METHOD==0), no weight is considered.

The format upconverter 107 outputs the recovered high-definition picture by
performing upconversion based on the determined number and weights of low-
definition video frames.

The operation of converting a low-definition picture to a high-definition picture in
the format upconverter 107 will be described later in greater detail.

The subtractor 109 receives the recovered high-definition picture from the format up-
converter 107 and the high-definition picture being a source picture and calculates the
residual between the two high-definition pictures. The residual corresponds to a
residual image.

The residual mapping and scaling unit 111 maps the residual received from the
subtractor 109 to 8 bits and scales the mapped residual. The residual encoder 113
encodes a bit stream corresponding to the residual image received from the residual
mapping and scaling unit 111 and outputs the resulting enhancement layer bit stream to
the decoding device 150.

The decoding device 150 receives the coded base layer bit stream and the en-
hancement layer bit stream from the encoding device 100 and outputs a recovered low-
definition picture and a recovered high-definition picture.

To this end, the decoding device 150 includes a base layer decoder 151, a format up-
converter 153, a residual decoder 155, a residual mapping and scaling unit 157, and an
adder 159.

The base layer decoder 151 receives the base layer bit stream from the encoding
device 100 and decodes the received base layer bit stream, thereby recovering a
decoded low-definition picture. To decode the base layer bit stream, a VC-1 or H.264
decoder may be used as the base layer decoder 151.

The low-definition picture recovered by the base layer decoder 151 is output as a
final output of the decoding device 150 or provided to the format upconverter 153.

The format upconverter 153 acquires an upconverted base layer sequence by up-
converting the recovered low-definition picture.

The format upconverter 153 upconverts the recovered low-definition picture to a
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high-definition picture, taking into account characteristics of the source picture, like
the format upconverter 107 of the encoding device 100.

The residual decoder 155 receives the bit stream of the coded residual image, that is,
the enhancement layer bit stream from the encoding device 100, decodes the en-
hancement layer bit stream, and outputs a recovered residual image. As stated before,
the residual image corresponds to the residual between the source picture and the high-
definition picture recovered by the encoding device 100.

The residual mapping and scaling unit 157 maps and scales the recovered residual
image received from the residual decoder 155 with an original bit depth.

The adder 159 recovers a high-definition picture that approximates the source picture
by adding the upconverted base layer sequence received from the format upconverter
153 to the recovered residual image received from the residual mapping and scaling
unit 157. The recovered high-definition picture belongs to an enhancement layer.

The high-definition picture recovered by the adder 159 is output as another final
output of the decoding device 150.

The pixel values of the residual image that the encoding device 100 provides to the
decoding device 150 are preferably, but not necessarily, small in the image processing
system. To achieve small pixel values of the residual image, a high-definition picture
having a small residual with respect to a source picture should be recovered in the
encoding device 100. Specifically, upconversion should be optimized in the format up-
converter 107 of the encoding device 100 and the format upconverter 153 of the
decoding device 150.

B.Image Conversion Apparatus

The configuration and operation of an image conversion apparatus for optimizing up-
conversion, that is, minimizing the pixel values of a residual image according to an
exemplary embodiment of the present invention will be described in detail. The image
conversion apparatus corresponds to the format upconverters 107 and 153 illustrated in
FIG. 1.

B-1.Configuration of the Image Conversion Apparatus

The configuration of an image conversion apparatus for generating a high-definition
video frame using one or more low-definition video frames according to an exemplary
embodiment of the present invention will be described below in detail.

FIG. 2 is a block diagram of an image conversion apparatus for converting a low-
definition picture to a high-definition picture according to an exemplary embodiment
of the present invention.

Referring to FIG. 2, a controller 210 determines the number of low-definition video
frames for use in upconverting a low-definition picture to a high-definition picture

according to characteristics of a source picture.



WO 2011/008066 PCT/KR2010/004718

[60]

[61]

[62]

[63]

[64]

[65]

[66]

For example, if a high-definition picture as a source picture has similar charac-
teristics to a low-definition picture, the controller 210 determines to perform up-
conversion using one low-definition video frame. On the other hand, if a high-
definition picture as a source picture has different characteristics from a low-definition
picture, the controller 210 determines to perform upconversion using a plurality of
low-definition video frames.

Once the controller 210 determines to use a plurality of low-definition video frames
for upconversion according to the characteristics of the source picture, it further de-
termines how to use the plurality of low-definition video frames. Specifically, the
controller 210 determines a weighting ratio, taking into account the importance of the
plurality of low-definition video frames.

For instance, if the source picture has similar motion information to a general high-
definition picture, the same importance, that is, the same weight is given to the
plurality of low-definition video frames (P2I_WEIGHTING==0).

However, if the plurality of low-definition video frames have different importance
(P2I_WEIGHTING==1), the controller 210 determines a weighting ratio so that
different weights may be allocated to the plurality of low-definition video frames. That
is, a higher weight is given to a low-definition video frame having relatively high im-
portance than a low-definition video frame having relatively low importance.

To be more specific, when determining that two or more frames are needed for up-
conversion, the controller 210 determines a weighting ratio, taking into account the im-
portance of each video frame. The weighting ratio specifies a weight for each of the
frames. In other words, to recover a high-definition picture from the plurality of frames
corresponding to a low-definition picture, a weight may be given to each of the
plurality of frames according to the degree to which the frame affects the high-
definition picture to be recovered.

For example, on the assumption that two frames are taken to recover a high-
definition picture, a weighting ratio such as 5:3, 6:3, 5:4 or 6:4 may be determined
according to the importance of first and second frames. It is noted from the exemplary
weighting ratios that the first frame is of relatively high importance, compared to the
second frame. This means that the first frame affects recovery of the high-definition
picture more than the second frame.

Notably, the first and second frames should be consecutive in time and the first frame
is earlier than the second frame. That is, if the first frame is at a time t1, the second
frame is at a time t2 and t1 is earlier than t2. The disparity between the times t1 and t2
roughly corresponds to the time interval between displaying of the first frame on a
screen and displaying of the second frame on the screen, when the screen is displayed

by progressive scanning.
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When the controller 210 determines information for upconversion as described
above, it provides the determined upconversion information to a converter 250. If the
controller 210 determines to use a single low-definition video frame for the up-
conversion, it notifies the converter 250 that the number of low-definition video frames
for use in the upconversion is 1.

On the other hand, if the controller 210 determines to use a plurality of low-
definition video frames for the upconversion, it provides information about the weight
of each low-definition video frame or a weighting ratio along with information about
the number of low-definition frames to be used for the upconversion to the converter
250. If the same weight is given to the plurality of low-definition video frames, the
weighting ratio may not be provided to the converter 250.

The converter 250 performs upconversion using the upconversion information
received from the controller 210 in order to recover the high-definition picture from
the low-definition picture. The upconversion information includes information about
the number of low-definition video frames to be used for upconversion, and the weight
of each low-definition video frame or a weighting ratio. The information about the
weight of each low-definition video frame or the weighting ratio is included only when
two or more low-definition video frames are used for the upconversion. However, even
though two or more low-definition video frames are used for the upconversion, if the
same weight is given to each low-definition video frame, the information about the
weight of each low-definition video frame or the weighting ratio may not be included
in the upconversion information.

To be more specific, if a single low-definition video frame is indicated by the up-
conversion information, the converter 250 generates a top field and a bottom field that
form one frame of a high-definition picture using only a low-definition video frame at
a current point of time (hereinafter “current time”). The top field exists at the same
time as the low-definition video frame and the bottom field exists at a time between the
low-definition video frame and a low-definition video frame at a next point in time
(hereinafter “next time”).

A detailed description will be made of the operation for generating the top and
bottom fields of one frame of a high-definition picture using only one low-definition
video frame, with reference to FIG. 5.

On the other hand, if the upconversion information indicates 2 or a larger number as
the number of low-definition video frames for use in upconversion and the weight of
each low-definition video frame or a weighting ratio, the converter 250 generates a top
field and a bottom field that form a frame of the high-definition picture using a
plurality of low-definition video frames. The top field exists at the same time as the

low-definition video frame and the bottom field exists at a time between the low-
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definition video frame and a low-definition video frame at the next time.

For example, let us assume that two low-definition video frames are used for up-
conversion. The two low-definition video frames are a current low-definition video
frame and the next low-definition video frame in time.

The converter 250 generates a top field using the low-definition video frame at the
current time and then generates a bottom field according to the weights or weighting
ratio of the two low-definition video frames.

If an identical weight is given to the two low-definition video frames, the converter
250 uses the low-definition video frames at the same rate in generating the bottom
field. On the contrary, if different weights are given to the two low-definition video
frames, the converter 250 uses the low-definition video frames with different
emphasis, that is, at the weighting ratio in generating the bottom field.

A detailed description will be made of the operation for generating the top field and
bottom field of one frame of a high-definition picture using two low-definition video
frames, with reference to FIG. 6.

B-2.Operations of the Image Conversion Apparatus

Operations of the image conversion apparatus for generating a high-definition video
frame using one or more low-definition video frames according to an exemplary em-
bodiment of the present invention will be described below in detail.

FIG. 3 is a flowchart illustrating a control operation of the controller in the image
conversion apparatus according to an exemplary embodiment of the present invention.

Referring to FIG. 3, the controller determines the number of low-definition video
frames for use in upconversion in step 310. That is, the controller determines whether
to perform upconversion using one or more low-definition video frames, taking into
account characteristics of a source picture.

More specifically, it is assumed that a low-definition picture (e.g. a progressively
scanned picture) exists at the same time as one of first and second fields that form one
frame of a high-definition picture. The one field is referred to as a top field,
hereinafter.

When the low-definition picture is converted to the high-definition picture, the other
field (hereinafter, referred to as a bottom field) should be created at a different time
from the top field. However, it is difficult to generate the bottom field using only one
low-definition video frame, taking into account the time difference between the top
field and the bottom field.

Therefore, if a high-definition picture being a source picture has characteristics that
are approximate to those of a low-definition picture that there is no need for con-
sidering the time difference, the upconversion is preferably, but not necessarily,

performed using a single low-definition video frame.



11

WO 2011/008066 PCT/KR2010/004718

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

However, if the top and bottom fields of one frame of a high-definition picture
(referred to as a “high-definition video frame”) as a source picture are apart enough
from each other in time, the upconversion is preferably, but not necessarily, performed
using two low-definition video frames successive in time. That is, in an exemplary em-
bodiment, the first and second top fields are generated using the respective consecutive
low-definition video frames and a bottom field being the counterpart of the first top
field is generated using both the low-definition video frames.

Accordingly, the controller determines whether to perform upconversion using a
single low-definition video frame or two low-definition video frames, taking into
account characteristics of the source picture such as the time disparity between frames.

In step 312, the controller determines whether the determined number of low-
definition video frames is 1, or 2 or larger.

If it has determined to use a single low-definition video frame for upconversion, the
controller requests the converter to perform the upconversion using one low-definition
video frame in step 314.

On the other hand, if it has determined to use a plurality of low-definition video
frames for upconversion, the controller determines weights for the low-definition video
frames, that is, a weighting ratio in step 316.

For instance, if the controller has determined to use two low-definition video frames
for upconversion, it determines how to interpolate a high-definition picture using a
low-definition video frame at a current time and a low-definition video frame at the
next time. This determination may be made using the characteristics of the source
picture.

If the two low-definition video frames have the same importance, the controller de-
termines a weighting ratio so that the low-definition video frames have the same
weight.

For example, if the high-definition picture being a source picture has the same char-
acteristics as a general high-definition picture, it is preferred, but not necessary, to in-
terpolate the high-definition picture by applying the same importance to the two low-
definition video frames. The characteristics of the general high-definition picture may
be motion information about the source picture.

However, it may occur in some cases that a better result is achieved by differentiating
importance for the two low-definition video frames. In this case, a weighting ratio is
preferably, but not necessarily, determined so that different weights are given to the
two low-definition video frames.

For example, if a background image is clear or has too large a motion like a low-
definition picture in the source picture, a better result may be achieved by applying

higher importance to a low-definition video frame at a current time than a low-
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[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

definition video frame at the next time. In this case, a weighting ratio is determined so
that a higher weight is given to the low-definition video frame at the current time than
the low-definition video frame at the next time.

Whether the better result will be achieved may be determined based on the similarity
between the source picture and the high-definition picture interpolated using the two
low-definition video frames. That is, a better result may be acquired if the two pictures
are more similar. In other words, as the similarity increases, the pixel values of a
residual image between the source picture and the high-definition picture may be
decreased.

In general, if the pixel values of a residual image decrease in the hierarchical image
processing system, this means that the number of an enhancement layer bit stream
generated by the encoding device 100 decreases.

After determining the weights of the low-definition video frames (i.e. the weighting
ratio), the controller determines whether the same weight has been allocated to the
low-definition video frames in step 318.

If determining that the same weight has been allocated to the low-definition video
frames, the controller requests the converter to perform upconversion using the low-
definition video frames and the identical weight allocated to the low-definition video
frames in step 320.

On the contrary, if determining that different weights have been allocated to the low-
definition video frames, the controller requests the converter to perform upconversion
using the low-definition video frames and the weights allocated to the low-definition
video frames (i.e. the weighting ratio) in step 322.

FIG. 4 is a flowchart illustrating a control operation of the converter in the image
conversion apparatus according to an exemplary embodiment of the present invention.

Referring to FIG. 4, the converter receives upconversion information from the
controller in step 410. The upconversion information includes the number of low-
definition video frames to be used for upconversion and the weight of each low-
definition video frame (or a weighting ratio). The controller may provide information
about the weight of each low-definition video frame (or a weighting ratio) in the up-
conversion information, only when a plurality of low-definition video frames are to be
used for upconversion.

In step 412, the converter determines whether the upconversion information indicates
a single low-definition video frame or a plurality of low-definition video frames for
use in upconversion.

If the upconversion information indicates a single low-definition video frame, the
converter generates a high-definition video frame by upconverting a single low-

definition video frame at a current time in step 416. The high-definition video frame
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[103]

[104]

[105]

[106]

[107]

[108]
[109]

[110]

[111]

[112]

includes a top field and a bottom field. Therefore, the converter generates the top and
bottom fields of the single high-definition video frame by the upconversion in step
416.

On the contrary, if the upconversion information indicates a plurality of low-
definition video frames, the converter determines whether the same or different
weights are allocated to the plurality of low-definition video frames for upconversion
in step 414.

When determining that the same weight is applied to the plurality of low-definition
video frames, the converter generates a high-definition video frame using the plurality
of low-definition video frames at the same rate, that is, by applying the same weight to
the plurality of low-definition video frames.

On the other hand, when determining that different weights are applied to the
plurality of low-definition video frames, the converter generates a high-definition
video frame using the plurality of low-definition video frames according to the
different weights of the plurality of low-definition video frames in step 420. That is,
when generating the high-definition video frame, the converter considers a low-
definition video frame having a higher weight more than a low-definition video frame
having a lower weight.

The plurality of low-definition video frames used for upconversion may be a low-
definition video frame at a current time and a low-definition video frame at the
previous or next time.

If two low-definition video frames are used for upconversion, they are preferably, but
not necessarily, a low-definition video frame at a current time and a low-definition
video frame at the next time.

C.Examples of Image Conversion

Examples of generating a high-definition video frame using one or two low-
definition video frames according to exemplary embodiments of the present invention
will be described below.

FIG. 5 illustrates an image conversion operation for generating one high-definition
video frame using one low-definition video frame in the converter of the image
conversion apparatus according to an exemplary embodiment of the present invention.

Referring to FIG. 5, a converter 250 includes an interpolation and top field
generation unit 530 and an interpolation and bottom field generation unit 540. The in-
terpolation and top field generation unit 530 and the interpolation and bottom field
generation unit 540 may be incorporated into a single device.

The converter 250 generates two fields 550 and 560 or 570 and 580 using a low-
definition video frame 510 at a time t1 or a low-definition video frame 520 at time a

time t2. A high-definition picture generated at each time by the converter 250 is a high-
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definition video frame including the top field 550 or 570 and the bottom field 560 or
580.

To be more specific, the interpolation and top field generation unit 530 generates an
interpolation picture of the same size as the top field of a high-definition video frame
by interpolating the input low-definition picture 510 or 520 at each time t1 or t2, taking
into account the size of a base layer low-definition picture and the size of an en-
hancement high-definition picture. The interpolation picture is a picture P upsampled
from the low-definition picture 510 or 520.

For example, the base layer low-definition picture may be of size 20x20 and the in-
terpolation picture and the top field of the enhancement layer high-definition picture
may be of size 40x80.

The interpolation and top field generation unit 530 generates the high-definition top
field 550 or 570 of a high-definition video frame using the interpolation picture. The
high-definition top field 550 or 570 is placed at the same time t1 or t2 as the low-
definition video frame 510 or 520.

For example, the high-definition top field 550 or 570, P [ 21] may be generated
O

by
P [2{]=(32 « P,[i]+16)/32

where denotes the pixels of the top field 550 or 570 of the high-definition

e

picture, denotes the pixels of a picture P upsampled from the single low-

£ p
definition video frame 510 or 520, and i denotes the index of a pixel of the pixels
P p

The interpolation and top field generation unit 540 generates an interpolation picture
of the same size as the bottom field of the high-definition video frame by interpolating
the input low-definition picture 510 or 520 at each time t1 or t2, taking into account the
size of a base layer low-definition picture and the size of an enhancement high-
definition picture. The interpolation picture is a picture P upsampled from the low-
definition picture 510 or 520.

For example, the base layer low-definition picture may be of size 20x20 and the in-
terpolation picture and the bottom field of the enhancement layer high-definition
picture may be of size 40x80.

The interpolation and bottom field generation unit 540 generates the high-definition

bottom field 560 or 580 of the high-definition video frame using the interpolation
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picture. The high-definition bottom field 560 or 580 is apart from the high-definition

top field 550 or 570 in time. For example, the high-definition bottom field 560 or 580

is placed at a time (e.g. ) between the time t1 of the low-definition video
t{+tie,

2

frame 510 and the time t2 of the low-definition video frame 520.

For example, the high-definition bottom field 560 or 580, ] may be
P s P [2i+1]™

generated by
P [2it1]1=(P ,[i-3]-5 = P ,[i-2]+20 « P ,[i-1]4+20 « P [i]-5 = P p[i+1]+P p[i+2]+16)//32

P [2i+1]=(16 « P [i-1]+16 « P [i]+16)//32

where denotes the pixels of the bottom field 560 or 580 of the high-definition

£

picture, P denotes the pixels of a picture P upsampled from the single low-
ra

definition video frame 510 or 520, and i denotes the index of a pixel of the pixels
P p

In the above description, t may denote a time at which an image is displayed on a
screen. It may be further contemplated that the bottom field is at the same time as the
low-definition video frame and the top field is at a time earlier than the bottom field.

FIG. 6 illustrates an image conversion operation for generating one high-definition
video frame using two low-definition video frames in the converter of the image
conversion apparatus according to an exemplary embodiment of the present invention.

Referring to FIG. 6, the converter 250 includes interpolation and top field generation
units 630 and 650, and an interpolation and bottom field generation units 640. The in-
terpolation and top field generation units 630 and 650 and the interpolation and bottom
field generation unit 640 may be incorporated into a single device. While the inter-
polation and top field generation units 630 and 650 are shown to be used for different
times in FIG. 6, one interpolation and top field generation unit may process low-
definition pictures of different times.

The converter 250 generates one of two fields 660 and 670, that is, top and bottom
fields 660 and 670 for a high-definition picture at a predetermined time using a low-
definition video frame 610 or 620 at each time t, or t,. The generated field may be the
top field 660.

The converter 250 generates the other field for the high-definition picture using the
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[132]

[133]
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[136]

[137]

[138]

[139]

[140]

low-definition pictures 610 and 620 at the two times t; and t,. The other field may be
the bottom field 670.

Therefore, the high-definition picture generated at each time by the converter 250
may correspond to one high-definition video frame formed with the top field 660 and
the bottom field 670.

To be more specific, the interpolation and top field generation unit 630 or 650
generates an interpolation picture of the same size as the top field of a high-definition
video frame by interpolating an input low-definition picture at each time tl or t2,
taking into account the size of a base layer low-definition picture and the size of an en-
hancement high-definition picture. The interpolation picture is a picture P upsampled
from the low-definition picture 610 or 620.

For example, the base layer low-definition picture may be of size 20x20 and the in-
terpolation picture and the top field of the enhancement layer high-definition picture
may be of size 40x80.

The interpolation and top field generation unit 630 or 650 generates the high-
definition top field 660 or 680 of a high-definition video frame using the interpolation
picture. The high-definition top field 660 or 680 is placed at the same time t; or t, as
the low-definition video frame 610 or 620.

For example, the high-definition top field 650 or 680 may be generated by Equation
(1).

The interpolation and top field generation unit 640 generates an interpolation picture
of the same size as the bottom field of the high-definition video frame by interpolating
the low-definition video frames at the times t; and t, at a given weighting ratio. The in-
terpolation picture is a picture P upsampled from the low-definition picture 610 and
620.

The weighting ratio (« : §) given for the interpolation is determined based on the im-
portance of the base layer low-definition video frame at the current time t; and the im-
portance of the base layer low-definition video frame at the next time t,. Herein, a is a
weight given to the base layer low-definition video frame at the current time t; and f3 is
a weight given to the base layer low-definition video frame at the next time t,. The sum
of the weights a and 3 may be 1.

Therefore, when generating the interpolation picture, the interpolation and bottom
field generation unit 640 makes a low-definition video frame having a relatively high
weight affect more than a low-definition video frame having a relatively low weight.
That is, the interpolation and bottom field generation unit 640 considers the low-
definition video frame having a relatively high weight more in generating the inter-
polation picture.

However, if the base layer low-definition video frames at the current and next times t
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[141]

[142]

[143]

[144]

[145]
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[148]
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1 and t, have the same weight, they are used at the same rate in generating the inter-
polation picture. The case of the same weight covers a case of not using any weight.
The interpolation and bottom field generation unit 640 generates the bottom field 670
using the interpolation picture. The bottom field 670 is apart from the top field 660 in
time. For example, the bottom field 670 is placed at a time (e.g. )
t,+iz,

2

between the time t, of the low-definition video frame 610 and the time t, of the low-
definition video frame 620.

In the above description, t may denote a time at which an image is displayed on a
screen. It may be further contemplated that the bottom field is at the same time as the
low-definition video frame and the top field is at a time earlier than the bottom field.

For example, the bottom field 670, ] may be generated b
P P o[ 2441 ™ P genersted by

Pl 2i+1]=(P p[i-1]1+P p[i1+P ppyr[ =114 P pyayr[i1+2)//4

Po[2i+1]=Ca « P pli-1]4a * P p[i]+P ppxr[i- 114 P pypxr[i] et 1/ {2(a+1)}

P e

denotes the pixels of the picture P upsampled from the preceding low-definition

where denotes the pixels of the bottom field 670 of the high-definition picture,

£ p

video frame 610, denotes the pixels of a picture upsampled

P P.NEXT P NEXT

from the following low-definition video frame 620, 1 denotes the index of a pixel of the
P p

Equation (3) is available when a bottom field is generated with the same weight to a

pixels or a pixel of pixels , and a denotes a weight.

P PNEXT

plurality of low-definition video frames or without any weight to the plurality of low-
definition video frames. Equation (4) is applicable for generation of a bottom field with
different weights given to a plurality of low-definition video frames.

Exemplary embodiments of the present invention can also be embodied as computer-
readable codes on a computer-readable recording medium. The computer-readable
recording medium is any data storage device that can store data which can thereafter be
read by a computer system. Examples of the computer-readable recording medium
include, but are not limited to, read-only memory (ROM), random-access memory
(RAM), CD-ROMs, magnetic tapes, floppy disks, optical data storage devices, and

carrier waves (such as data transmission through the Internet via wired or wireless
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transmission paths). The computer-readable recording medium can also be distributed
over network-coupled computer systems so that the computer-readable code is stored
and executed in a distributed fashion. Also, function programs, codes, and code
segments for accomplishing the present invention can be easily construed as within the
scope of the invention by programmers skilled in the art to which the present invention
pertains.

While the invention has been shown and described with reference to certain
exemplary embodiments of the present invention thereof, it will be understood by
those skilled in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

appended claims and their equivalents.
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Claims

A method for converting an image in an image processing system,
comprising:

determining, if a plurality of low-definition video frames are used for
converting a low-definition picture to a high-definition picture, weights
for the plurality of low-definition video frames; and

generating one of two image fields that form a high-definition video
frame using the plurality of low-definition video frames according to
the weights of the plurality of low-definition video frames.

The method of claim 1, wherein a number of the plurality of low-
definition video frames is two, the two image fields that form the high-
definition video frame are a top field and a bottom field, and the
generated one of the two image fields is the bottom field.

The method of claim 2, wherein the generating comprises:

generating an interpolation picture of a first low-definition frame being
one of the two low-definition frames used for converting the low-
definition picture to the high-definition picture and an interpolation
picture of a second low-definition frame being another of the two low-
definition frames, based on weights determined for the first and the
second low-definition video frames; and

generating the bottom field using the interpolation pictures of the first
and the second low-definition video frames,

wherein a time of the first low-definition video frame is earlier than a
time of the second low-definition video frame, and the bottom field is
at a time between the times of the first and the second low-definition
video frames.

An image conversion apparatus in an image processing system,
comprising:

a controller for determining, if a plurality of low-definition video
frames are used for converting a low-definition picture to a high-
definition picture, weights for the plurality of low-definition video
frames; and

a converter for generating one of two image fields that form a high-
definition video frame using the plurality of low-definition video
frames according to the weights of the plurality of low-definition video
frames.

The image conversion apparatus of claim 4, wherein a number of the
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plurality of low-definition video frames is two, the two image fields
that form one high-definition video frame are a top field and a bottom
field, and the generated one of the two image fields is the bottom field.
The image conversion apparatus of claim 5, wherein the converter
generates an interpolation picture of a first low-definition frame being
one of the two low-definition frames used for converting the low-
definition picture to the high-definition picture and an interpolation
picture of a second low-definition frame being another of the two low-
definition frames, based on weights determined for the first and the
second low-definition video frames, and generates the bottom field
using the interpolation pictures of the first and the second low-
definition video frames,

wherein a time of the first low-definition video frame is earlier than a
time of the second low-definition video frame, and the bottom field is
at a time between the times of the first and the second low-definition
video frames.

The method of claim 2 or the image conversion apparatus of claim 7,
wherein the high-definition picture is an interlaced-scanned picture and
the low-definition picture is a progressively scanned picture.

The image conversion apparatus of claim 7, wherein the controller de-
termines the weights of the plurality of low-definition video frames
according to a characteristic of a source picture, and the characteristic
of the source picture is information used for determining importance of
the plurality of low-definition video frames or motion information
about the source picture.

A method for converting an image in an image processing system,
comprising:

first generating a top field and a bottom field that form a high-
definition picture using a single low-definition video frame, if the high-
definition picture is to be generated using the single low-definition
video frame;

second generating comprising generating the top field of the high-
definition picture using a preceding low-definition video frame
between two consecutive low-definition video frames and generating
the bottom field of the high-definition picture using the two con-
secutive low-definition video frames, if the high-definition picture is to
be generated using the two consecutive low-definition video frames

without applying weights to the two consecutive low-definition video
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frames; and

third generating comprising generating the top field of the high-
definition picture using the preceding low-definition video frame
between the two consecutive low-definition video frames and
generating the bottom field of the high-definition picture by applying
the weights to the two consecutive low-definition video frames, if the
high-definition picture is to be generated using the two consecutive
low-definition video frames according to the weights for the two con-
secutive low-definition video frames.

The method of claim 9, wherein if the high-definition picture is to be
generated using the single low-definition video frame, the first

generating comprises generating the top field P [ 21] of the high-
C

definition picture by (32 . p p[ f] +1 6)//32’ and

enerating the bottom field ) of the high-definition
s Po[2i+1] ;

picture by
(P p[i-3]-5 * P p[i-2]420 » P p[#-1]420 = P [i]-5 * P p[i+ 1] +P ;[i+2]+16)//32

(16 - P L[i-1]+16 - P [i]+16)/32

if the high-definition picture is to be generated using the two con-
secutive low-definition video frames without applying weights to the
two consecutive low-definition video frames, the second generating

comprises generating the top field .q of the high-definition
p g £ p P - [ 2 i ] £

picture by (32 - P P[ I'] n 16)//32’ and generating the

bottom field . of the high-definition picture b
Po[2i+1] s picture by

(P pli-1]+P pli]+P pypar 1= 11+P pypyr|i]+2)/74

, and

if the high-definition picture is to be generated using the two con-
secutive low-definition video frames according to the weights for the
two consecutive low-definition video frames, the third generating

comprises generating the top field .q of the high-definition
p g £ p P o [ 2 i ] £
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picture by (32 . P P[ I'] n 16)//32’ and generating the

bottom field . of the high-definition picture b
P [2i+1]°eMe picture by

(o * Ppli-1]+a 'PP[I-]_'_PPJVEXT[I-'1]+PPMXT[1-]+O'~+1)//{2((1_'_1)}

2

where denotes pixels in the top and the bottom fields of the

P

high-definition picture, denotes pixels of a picture P upsampled

P p

from the preceding low-definition video frame between the two con-

secutive low-definition video frames, denotes pixels of a

P PNEXT

picture upsampled from a following low-definition video

PNEXT

frame between the two consecutive low-definition video frames, i
P p

, and a denotes a weight.

denotes an index of a pixel of pixels or a pixel of pixels

P PNEXT

An image conversion apparatus in an image processing system,
comprising:

a top field generator for generating a top field of a high-definition
picture using a single low-definition video frame or using a preceding
low-definition video frame between two consecutive low-definition
video frames; and

a bottom field generator for generating a bottom field of the high-
definition picture using the single low-definition video frame or the two
consecutive low-definition video frames,

wherein the top field generator generates the top field of the high-
definition picture using the single low-definition video frame, if the
high-definition picture is to be generated using the single low-definition
video frame, generates the top field of the high-definition picture using
the preceding low-definition video frame between the two consecutive
low-definition video frames, if the high-definition picture is to be
generated using the two consecutive low-definition video frames
without applying weights to the two consecutive low-definition video

frames, and generates the top field of the high-definition picture using
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the preceding low-definition video frame between the two consecutive
low-definition video frames, if the high-definition picture is to be
generated using the two consecutive low-definition video frames
without applying weights to the two consecutive low-definition video
frames, and

the bottom field generator generates the bottom field of the high-
definition picture using the single low-definition video frame, if the
high-definition picture is to be generated using the single low-definition
video frame, generates the bottom field of the high-definition picture
using the two consecutive low-definition video frames, if the high-
definition picture is to be generated using the two consecutive low-
definition video frames without applying weights to the two con-
secutive low-definition video frames, and generates the bottom field of
the high-definition picture by applying the weights to the two con-
secutive low-definition video frames, if the high-definition picture is to
be generated using the two consecutive low-definition video frames
according to the weights for the two consecutive low-definition video
frames.

The image conversion apparatus of claim 11, wherein the top field

generator generates the top field P [ 21] of the high-definition
L

picture by (32 . PP[I_]+16)//32WherePcdenotes

pixels in the top field of the high-definition picture, P denotes
P

pixels of a picture P upsampled from the single low-definition video
frame or the preceding low-definition video frame between the two

consecutive low-definition video frames, and i denotes an index of a

ixel of pixels .
p p P »

The image conversion apparatus of claim 11, wherein the bottom field

enerator generates the bottom field ) of the high-
& & P2i+1] g

definition picture by
(P p[i-3]-5 + P p[i-2]+20 » P p[i-1]+20 « P p[i]-5 « P p[i+ 1]+P [i+2]+16)//32

(16 + P [i-1]1+16 « P [i]+16)/32 10

high-definition picture is to be generated using the single low-definition



WO 2011/008066

[Claim 14]

24

PCT/KR2010/004718

video frame, by
(P pli-1]+P pli] P pypxr =11 +P pypyr | i1 +2)/74

if the high-definition picture is to be generated using the two con-
secutive low-definition video frames without applying weights to the

two consecutive low-definition video frames, and by

(o« Ppli-1]ta « Ppli]tP _P,NEXT[I.' 1]+P PMXT[I.]+0~+ 1Y/{2(at+1)}
if the high-definition picture is to be generated using the two con-
secutive low-definition video frames according to the weights for the

two consecutive low-definition video frames,

wherein P denotes pixels in the top and the bottom fields of the
)
high-definition picture, P denotes pixels of a picture P upsampled
P

from the preceding low-definition video frame between the two con-

secutive low-definition video frames, denotes pixels of a

P PNEXT

picture upsampled from a following low-definition video

PNEXT

frame between the two consecutive low-definition video frames, i
P p

, and a denotes a weight.

denotes an index of a pixel of pixels or a pixel of pixels

P PNEXT

The method of claim 11 or the image conversion apparatus of claim 18,
wherein the high-definition picture is an interlaced-scanned picture and
the low-definition video frames are progressively scanned video

frames.
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