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Description

ADAPTIVE INTERFRAME WAVELET VIDEO CODING

[1]

[3]

METHOD, COMPUTER READABLE RECORDING

MEDIUM AND SYSTEM THEREFOR
Technical Field

The present invention relates to a wavelet video coding method, a computer
readable recording medium and system therefor, and more particularly, to an
interframe wavelet video coding IWVC) method which decreases an average temporal
distance by changing a temporal filtering direction.

Background Art

With the development of information communication technology including the
Internet, video communication as well as text and voice communication has increased.
Conventional text communication cannot satisfy the various demands of users, and
thus multimedia services that can provide various types of information such as text,
pictures, and music have increased. Multimedia data requires large capacity storage
mediums and wide bandwidths for transmission since the amount of multimedia data is
usually large. For example, a 24-bit true color image having a resolution of 640 * 480
needs a capacity of 640 * 480 * 24 bits, i.e., data of about 7.37 Mbits, per frame. When
this image is transmitted at a speed of 30 frames per second, a bandwidth of 221
Mbits/sec is required. When a 90-minute movie based on such an image is stored, a
storage space of about 1200 Gbits is required. Accordingly, a compression coding
method is a requisite for transmitting multimedia data including text, video, and audio.

A basic principle of data compression is removing data redundancy. Data can be
compressed by removing spatial redundancy in which the same color or object is
repeated in an image, temporal redundancy in which there is little change between
adjacent frames in a moving image or the same sound is repeated in audio, or mental
visual redundancy taking into account human eyesight and limited perception of high
frequency. Data compression can be classified into lossy/lossless compression
according to whether source data is lost, intraframe/interframe compression according
to whether individual frames are compressed independently, and symmetric/
asymmetric compression according to whether time required for compression is the
same as time required for recovery. In addition, data compression is defined as real-
time compression when a compression/recovery time delay does not exceed 50 ms and

as scalable compression when frames have different resolutions. For text or medical
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data, lossless compression is usually used. For multimedia data, lossy compression is
usually used. Meanwhile, intraframe compression is usually used to remove spatial
redundancy, and interframe compression is usually used to remove temporal
redundancy.

FIG. 1 is a flowchart of a conventional three-dimensional IWVC method.

First, an image is received in group-of-frames (GOF) units in step S1. The GOF
includes a plurality of frames, e.g., 16 frames. In IWVC, various operations are
performed in GOF units.

Next, motion estimation is performed using hierarchical variable size block
matching (HVSBM) in step S2. Referring to FIG. 2, which illustrates a motion
estimation using HVSBM, an original image has a size of N * N, images of level 0 (N
*N), of level 1 (N2 * N'2), and of level 2 (N4 * N/4) are obtained using wavelet
transform. For the image of level 2, a motion estimation block size is changed from 16
*16to 8 * 8 and 4 * 4, and a motion estimation (ME) and a Magnitude of Absolute
Distortion (MAD) are obtained with respect to each block. Similarly, for the image of
level 1, the motion estimation block size is changed from 32 * 32 to 16 * 16, 8 * §, and
4 * 4, and an ME and a MAD are obtained with respect to each block. For the image of
level 0, the motion estimation block size is changed from 64 * 64 to 32 * 32, 16 * 16, 8
*8,and 4 * 4, and an ME and a MAD are obtained with respect to each block.

Next, as shown in FIG. 1, an ME tree is pruned to minimize the MAD in step S3.

Motion compensated temporal filtering (MCTF) is performed using a pruned
optimal ME in step S4. Referring to FIG. 3, at temporal level 0, MCTF is performed
forward with respect to 16 image frames, thereby obtaining 8 low-frequency frames
and 8 high-frequency frames. At temporal level 1, MCTF is performed forward with
respect to the 8 low-frequency frames, thereby obtaining 4 low-frequency frames and 4
high-frequency frames. At temporal level 2, MCTF is performed forward with respect
to the 4 low-frequency frames obtained at temporal level 1, thereby obtaining 2 low-
frequency frames and 2 high-frequency frames. Lastly, at temporal level 3, MCTF is
performed forward with respect to the 2 low-frequency frames obtained at temporal
level 2, thereby obtaining a single low-frequency frame and a single high-frequency
frame. Accordingly, as a result of MCTF, a total of 16 subbands H1, H3, H5, H7, H9,
H11, H13, H15, LH2, LH6, LH10, LH14, LLH4, LLH12, LLLHS, and LLLL16
including 15 high-frequency frames and a single low-frequency frame at the last level
are obtained.

After obtaining the 16 subbands, spatial transform and quantization are performed
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on the 16 subbands in step S5. Thereafter, a bitstream including data obtained by
performing spatial transform and quantization on the 16 subbands, motion estimation
data, and a header is generated in step S6.

Although such conventional IWVC has excellent scalability, it does not have sat-
isfactory performance as compared to other conventional video coding methods. An
example of IWVC performance depending upon a boundary condition will be
described with reference to FIG. 4.

FIG. 4 is diagram comparing performances of conventional MCTF with respect to
a boundary condition.

FIG. 4 illustrates a best case of forward MCTF where an external image comes into
a frame and a worst case of forward MCTF where an internal image goes out of the
frame. Where MCTF is performed forward, a temporally preceding image is replaced
with a filtered high-frequency image, and a temporally succeeding image is replaced
with a filtered low-frequency image. For video coding, high-frequency frames and a
single low-frequency frame at a highest level are used. In other words, performance of
video coding depends on whether a component of a high-frequency frame is large or
small.

In a case where the external image comes into the frame, a T-1 frame is replaced
with a high-frequency image, and a T frame is replaced with a low-frequency image.
All image blocks in the T-1 frame can be exactly matched with image blocks, re-
spectively, in the T-frame, and thus a magnitude of a high frequency component pro-
portional to a difference between two image blocks is less compared to a case where
the image blocks are not matched exactly. In other words, a size of the T-1 frame to be
replaced with a high-frequency image is small.

Disclosure of Invention
Technical Problem

Conversely, in the worst case where the internal image goes out of the frame, all of
the image blocks in the T-1 frame are not exactly matched with the image blocks in the
T-frame. Here, image blocks A and N that do not have their matches are coupled with
image blocks B and M, respectively, giving a least difference therebetween. Since a
difference between the image blocks A and B and a difference between the image
blocks N and M are needed to be expressed, the size of the T-1 frame is increased.

Technical Solution
As described above, performance of MCTF greatly changes depending on a

boundary condition such as an incoming image or an outgoing image. Therefore, a
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video coding method allowing a filtering direction to be adaptively changed according
to a boundary condition during MCTF is desired.

[16] The present invention provides an adaptive interframe wavelet video coding
(IWVC) method allowing a direction of temporal filtering to be changed according to a
boundary condition.

[17] The present invention also provides a computer readable recording medium and a
system which can perform the adaptive IWVC method.

[18] According to an aspect of the present invention, there is provided an IWVC
method comprising, (a) receiving a group-of-frames including a plurality of frames and
determining a mode flag according to a predetermined procedure using motion vectors
of boundary pixels; (b) temporally decomposing the frames included in the group-
of-frames in predetermined directions in accordance with the determined mode flag;
and (c) performing spatial transform and quantization on the frames obtained by
performing step (b), thereby generating a bitstream.

[19] Preferably, in step (a), the group-of-frames comprises 16 frames. Step (a) may
comprise determining the mode flag according to the predetermined procedure using
motion vectors obtained at a boundary having a predetermined thickness among
motion vectors of pixels obtained through motion estimation using hierarchical
variable size block matching (HVSBM). Meanwhile, the motion vectors used to
determine the mode flag may be motion vectors of pixels at left and right boundaries,
or motion vectors of pixels at left, right, upper and lower boundaries. In the first case,

the mode flag F is preferably determined using the following algorithm:

[20]
if (abs(L)< Threshold)then L=0
if (abs(R)< Threshold)then R=0
if((L < 0 and R==0)or (L==0 and R > 0)or (L < 0 and R > 0))then F=0
else if((L > 0 and R==0)or (L==0 and R < 0)or (L. > 0 and R < 0))then F=1
else F=2
[21] where L denotes an average of X components of motion vectors of pixels at the left

boundary having the predetermined thickness, and R denotes an average of X
components of motion vectors of pixels at the right boundary having the predetermined

thickness, wherein step (b) comprises temporally decomposing the frames included in
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[23]

[24]

the group-of-frames in a forward direction when F=0, temporally decomposing the
frames included in the group-of-frames in a backward direction when F=1, and

temporally decomposing the frames included in the group-of-frames in forward and
backward directions combined in a predetermined sequence when F=2. In the latter

case, the mode flag F is preferably determined using the following algorithm:

if (abs(L)< Threshold)then L=0
if (abs(R)< Threshold)then R=0
if (abs(U)< Threshold)then U=0
if (abs(D)< Threshold)then D=0
if(((L <0 and R==0)or (L==0 and R > 0)or (L <0 and R > 0))and ((D <
0 and U==0)or (D==0 and U > 0)or (D < 0 and U > O)or (D ==0 and
U==0)))then F=0
else if(((L > 0 and R==0)or (L==0 and R < 0)or (L > 0 and R < 0))and
(D > 0 and U==0) or (D==0 and U < 0)or (D > 0 and U < 0Q)or (D ==0 and
U==0)))then F=1

else F=2

where L denotes an average of X components of motion vectors of pixels at the left
boundary having the predetermined thickness, R denotes an average of X components
of motion vectors of pixels at the right boundary having the predetermined thickness,
U denotes an average of Y components of motion vectors of pixels at the upper
boundary having the predetermined thickness, and D denotes an average of Y
components of motion vectors of pixels at the lower boundary having the pre-
determined thickness, wherein step (b) comprises temporally decomposing the frames
included in the group-of-frames in a forward direction when F=0, temporally de-
composing the frames included in the group-of-frames in a backward direction when
F=1, and temporally decomposing the frames included in the group-of-frames in
forward and backward directions combined in a predetermined sequence when F=2.

In either case, when F=2 in step (b), the frames are preferably decomposed such
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that an average temporal distance between frames is minimized.

Programs executing the adaptive IWVC method may be recorded onto a computer
readable recording medium to be used in a computer.

According to another aspect of the present invention, there is provided an IWVC
system which receives a group-of-frames including a plurality of frames and generates
a bitstream. The IWVC system comprises a motion estimation/mode determination
block which receives the group-of-frames, obtains motion vectors of pixels in each of
the frames using a predetermined procedure, and determines a mode flag using motion
vectors of boundary pixels among the obtained motion vectors; and a motion com-
pensation temporal filtering block which decomposes the frames into low- and high-
frequency frames in a predetermined temporal direction in accordance with the mode
flag determined by the motion estimation/mode determination block using the motion
vectors.

The interframe wavelet video coding system may further comprise a spatial
transform block which wavelet-decomposes the low- and high-frequency frames
generated by the motion compensation temporal filtering block into spatial low- and
high-frequency components.

Description of Drawings

The above and other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

FIG. 1 is a flowchart of a conventional three-dimensional interframe wavelet video
coding (IWVC) method;

FIG. 2 illustrates conventional motion estimation using hierarchical variable size
block matching (HVSBM);

FIG. 3 illustrates conventional motion compensated temporal filtering (MCTF);

FIG. 4 is diagram comparing performances of conventional MCTF with respect to
a boundary condition;

FIG. 5 is a flowchart of an adaptive IWVC method according to an embodiment of
the present invention;

FIG. 6 illustrates a reference for determining an MCTF direction according to a
boundary condition;

FIGS. 7 and 8 illustrate boundary pixels used to determine a mode flag;

FIG. 9 illustrates MCTF directions according to a mode flag representing a

boundary condition; and
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[44]

[45]

FIG. 10 is a functional block diagram of a system for adaptive IWVC according to
an embodiment of the present invention.

Mode for Invention

Exemplary, non-limiting, embodiments of the present invention will now be
described with reference to the accompanying drawings.

FIG. 5 is a flowchart of an adaptive interframe wavelet video coding (IWVC)
method according to an embodiment of the present invention.

An image is received in group-of-frames (GOF) units in step S10. A single GOF
includes a plurality of frames and preferably includes 2" frames (where 'n' is a natural
number), e.g., 2, 4, 8, 16, or 32 frames, to facilitate computation and management.
When the number of frames included in a GOF increases, video coding efficiency
increases while buffering time and coding time also increases unfavorably. As the
number of frames included in a GOF decreases, video coding efficiency decreases. In
the embodiment of the present invention, a single GOF includes 16 frames.

After receiving the image, motion estimation is performed and a mode flag is set in
step S20. Preferably, the motion estimation is performed using hierarchical variable
size block matching (HVSBM) as described with reference to FIG. 1. The mode flag is
used to determine a direction of temporal filtering according to a boundary condition.
A reference for determining a mode flag will be described with reference to FIGS. 6, 7
and 8.

After the motion estimation and mode flag setup, pruning is performed in the same
manner as in conventional technology in step S30.

Next, motion compensated temporal filtering (MCTF) is performed using a pruned
motion vector in step S40. An MCTF direction in accordance with the mode flag will
be described with reference to FIG. 9.

After completing the MCTF, 16 subbands resulting from the MCTF are subjected
to spatial transform and quantization in step S50. Thereafter, a bitstream including data
resulting from the spatial transform and quantization, motion vector data, and the mode
flag is generated in step S60.

FIG. 6 illustrates a reference for determining an MCTF direction according to a
boundary condition, and FIGS. 7 and 8§ illustrate boundary pixels used to determine a
mode flag.

FIGS. 6 illustrates cases where an internal image goes out of the frame. FIG. 6 il-
lustrates forward MCTF and backward MCTF. In other words, image blocks B and N

flow out of the frame when a T-1 frame is converted into a T frame. In the worst case
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of forward MCTF shown in FIG. 6, the image blocks B and N in the T-1 frame do not
have their matches in the T frame. Thus, the image blocks B and N in the T-1 frame
are compared with image blocks C and M, respectively, in the T frame. In this
situation, a difference between the image blocks B and C and a difference between the
image blocks N and M are large, which increases the amount of information of the T-1
frame to be replaced with a high-frequency frame. Conversely, in the best case of
backward MCTF shown in FIG. 6, each image block in the T frame to be replaced with
a high-frequency frame has its matches in the T-1 frame, and therefore, the amount of
information of the high-frequency frame, i.e., the T frame, may be decreased.

In a comprehensive conception, forward MCTF is more efficient in a case where a
new image comes into a frame through a boundary while backward MCTF is more
efficient in a case where an image goes out of the frame through a boundary. In other
cases, it is efficient to properly combine forward MCTF and backward MCTF. In other
words, video coding efficiency and performance can be increased by properly selecting
either forward or backward MCTF according to a boundary condition of an input GOF.
In setting a mode flag, a basic principle is made that forward MCTF is used when a
new image comes into a frame, backward MCTF is used when an image goes out of a
frame, and forward MCTF and backward MCTF are properly combined in other cases.

The mode flag can be determined using a motion vector for pixels at a boundary of
a frame. As shown in FIG. 7, pixels at right and left boundaries of a frame may be used
in a first embodiment. Alternatively, as shown in FIG. 8, pixels at right, left, upper,
and lower boundaries of a frame may be used in a second embodiment. Video coding
performance depends on a thickness of a boundary used to determine the mode flag.
Where the boundary is too thin, information regarding output/input of a particular
image may be missed. Conversely, where the boundary is too thick, a boundary
condition may not be sharply identified. Accordingly, the thickness of the boundary
needs to be appropriately determined. In embodiments of the present invention, the
boundary has a thickness of 32 pixels.

In determining the mode flag, motion vectors of pixels in each frames are obtained
using HVSBM. A mode flag is determined based on the motion vectors of pixels in the
frames. The mode flag may be different according to a temporal level, but it is
preferable to determine the mode flag at temporal level 0.

In the first embodiment shown in FIG. 7, a mode flag is determined using motion
vectors at left and right boundaries of each frame because a new image usually comes

into or goes out of a frame of a moving picture in an X direction. An average of
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motion vectors of pixels at the left boundary of each of all frames included in a single
GOF is obtained. An X component of the average motion vector at the left boundary is
denoted by 'L." Similarly, an average of motion vectors of pixels at the right boundary
of each of all frames included in a single GOF is obtained. An X component of the
average motion vector at the right boundary is denoted by 'R.' Where an L value less
than O indicates that an image comes into the frame through the left boundary, an R
value less than O indicates that an image goes out of the frame through the right
boundary. Similarly, the L value greater than 0 and the R value greater than 0 account
for the opposite cases, respectively. Actually, the L or R value may not be O even if an
image does not come in or go out of the frame. Accordingly, it is preferable that the L.
and R values not exceeding a predetermined threshold are determined as 0. When an
image comes into the frame through the left or right boundary, the L value is less than
0 and the R value is equal to or greater than 0, or the L value is less than 0 and the R
value is greater than 0. In this case, it is preferable to use forward MCTF. Conversely,
when an image goes out of the frame through the left or right boundary, the L value is
greater than O and the R value is equal to or less than 0, or the L value is greater than 0
and the R value is less than 0. In this case, it is preferable to use backward MCTF.
When an image comes into the frame through the left boundary and an image goes out
of the frame through the right boundary, it is preferable to appropriately combine
forward MCTF and backward MCTF.

As such, a mode flag F can be determined by the following algorithm:

if (abs(L)< Threshold)then L=0

if (abs(R)< Threshold)then R=0
if((L < 0 and R==0)or (L==0 and R > 0)or (L < 0 and R > 0))then F=0
else if((L > 0 and R==0)or (L==0 and R < 0)or (L. > 0 and R < 0))then F=1

else F=2,

Here, F=0 indicates a forward mode, F=1 indicates a backward mode, and F=2
indicates a bi-directional mode.

In a second embodiment shown in FIG. 8, left, right, upper, and lower boundaries
are used. L and R values are obtained in the same manner as described in the first

embodiment, and U and D values are obtained using averages of Y components of
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motion vectors. Like the first embodiment, where an image comes into a frame
through at least one boundary and an image does not go out of the frame through any
of the boundaries, it is preferable to use forward MCTF. Where an image goes out of
the frame through at least one boundary and an image does not come into the frame
through any of the boundaries, it is preferable to use backward MCTF. In other cases,
it is preferable to appropriately combine forward MCTF and backward MCTF.

As such, a mode flag F can be determined by the following algorithm:

if (abs(L)< Threshold)then L=0
if (abs(R)< Threshold)then R=0
if (abs(U)< Threshold)then U=0
if (abs(D)< Threshold)then D=0
if(((L <0and R==0)or (L==0 and R > 0)or (L <0 and R > 0))and ((D <
0 and U==0)or (D==0 and U > O)or (D < 0 and U > 0)or (D ==0 and
U==0)))then F=0
else if(((L > 0 and R==0)or (L==0 and R < 0)or (L > 0 and R < 0))and
((D > 0 and U==0) or (D==0 and U < 0)or (D > 0 and U < 0)or (D ==0 and
U==0)))then F=1

else F=2,

Here, F=0 indicates a forward mode, F=1 indicates a backward mode, and F=2
indicates a bi-directional mode. The first and second embodiments are exemplary, and
the spirit of the present invention is not restricted thereto. In other words, a direction of
MCTF is appropriately determined using information regarding image input/output at a
boundary. Accordingly, the present invention will be considered as including a case
where a mode flag is determined to be different among two or some frames more than
two in a GOF in addition to the first and second embodiments where a mode flag is
determined using average motion vectors obtained with respect to all of the frames in a
GOF.

FIG. 9 illustrates MCTF directions according to a mode flag representing a
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boundary condition.

In a forward mode, MCTF directions are depictedas ++++++++.Ina
backward mode, MCTF directions are depicted as - - - - - - - - . In a bi-directional
mode, MCTF directions may be depicted in various ways, but FIG. 9 illustrates an
example where MCTF directions are depicted as + - + - + - + - at temporal level 0.
Here, '+ indicates a forward direction, and '-' indicates a backward direction.

In each of the forward and backward modes, MCTF is performed in the same
direction. However, in the bi-directional mode, video coding performance changes
depending on a combination of forward and backward directions. In other words, in
the bi-directional mode, a sequence of forward and backward directions may be
determined in various ways. Representative examples of a sequence of MCTF

directions in the forward, backward, and bi-directional modes are shown in Table 1.

Table 1
Mode flag Level 0 Level 1 Level 2 Level 3
Forward direction HHH+t+t - ++ +
(F=0)
Backward direction | = --em-e-- - - -
(F=1)
Bi-direction(F=2) a F-ttt ++-- +- +(-)
b e ot +- +(-)
¢ R e ++-- +- -
d e ++-- +- -

Various combinations of forward and backward directions may be made in the bi-
directional mode, but four cases 'a’, 'b', 'c', and 'd' are shown as examples. The cases 'c’
and 'd' are characterized in that a low-frequency frame (hereinafter, referred to as a
reference frame) at a last level is positioned at a center (i.e., an 8th frame) among st
through 16th frames. The reference frame is a most essential frame in video coding.
The other frames are recovered based on the reference frame. As a temporal distance
between a frame and the reference frame increases, recovery performance decreases.
Accordingly, in the cases 'c' and 'd', a combination of forward MCTF and backward
MCTF is made such that the reference frame is positioned at the center, i.e., the 8th
frame, to minimize a temporal distance between the reference frame and each of the
other frames.

In the cases 'a’ and 'b', an average temporal distance (ATD) is minimized. To

calculate an ATD, temporal distances are calculated. A temporal distance is defined as
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a positional difference between two frames. Referring to FIG. 3, a temporal distance
between a first frame and a second frame is defined as 1, and a temporal distance
between the frame L2 and the frame L4 is defined as 2. An ATD is obtained by
dividing the sum of temporal distances between frames subjected to an operation for
motion estimation in pairs by the number of pairs of frames defined for the motion

estimation. In the case 'a’,

ATD:SX1+4X1+2X4+1X3:1.53.
15
In the case 'b’,
ATD=8><1+4><1+2><3+1><5 ~153.
15
In the forward mode and the backward mode shown in Table 1,
ATD= 8x1+4x2+2x4+1x8 913,
15
In the case 'c’,
ATDz8><]+4><2+2><4+1><2 _173
15
In the case 'd’,
ATD = 8><1+4><11—|—52><4+1x1 -167.

In actual simulations, as an ATD was decreased, a PSNR value was increased so that
performance of video coding was increased.

FIG. 10 is a functional block diagram of a system for adaptive IWVC according to
an embodiment of the present invention.

The system for adaptive IWVC includes a motion estimation/mode determination
block 10 which obtains a motion vector and determines a mode using the motion
vector, a motion compensation temporal filtering block 40 which removes temporal
redundancy using the motion vector and the determined mode, a spatial transform
block 50 which removes spatial redundancy, a motion vector encoding block 20 which
encodes the motion vector using a predetermined algorithm, a quantization block 60
which quantizes wavelet coefficients of respective components generated by the spatial
transform block 50, and a buffer 30 which temporarily stores an encoded bitstream

received from the quantization block 60.
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[67]

[68]

[72]

[73]

The motion estimation/mode determination block 10 obtains a motion vector used
by the motion compensation temporal filtering block 40 using a hierarchical method
such as HVSBM. In addition, the motion estimation/mode determination block 10
determines a mode flag for determining temporal filtering directions.

The motion compensation temporal filtering block 40 decomposes frames into low-
and high-frequency frames in a temporal direction using the motion vector obtained by
the motion estimation/mode determination block 10. A direction of the decomposition
is determined according to the mode flag. Frames are decomposed in GOF units.
Through such decomposition, temporal redundancy is removed.

The spatial transform block 50 wavelet-decomposes frames that have been
decomposed in the temporal direction by the motion compensation temporal filtering
block 40 into spatial low- and high-frequency components, thereby removing spatial
redundancy.

The motion vector encoding block 20 encodes the motion vector and the mode flag
hierarchically obtained by the motion estimation/mode determination block 10 and
then transmits the encoded motion vector and the encoded mode flag to the buffer 30.

The quantization block 60 quantizes and encodes wavelet coefficients of
components generated by the spatial transform block 50.

The buffer 30 stores a bitstream including encoded data, the encoded motion
vector, and the encoded mode flag before transmission and is controlled by a rate
control algorithm.

In experiments, performance was increased by about 0.8 dB. In the experiments,
Mobile , Tempete, Canoa, and Bus were used, and results of the experiments are

shown in Tables 2 through 5.

Table 2: Mobile, CIF, Frames: 0-299

Bit rate Forward direction Backward direction
400 26.1 26.2
600 28.0 28.0
800 29.3 29.2
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Table 3: Tempete CIF, Frames: 0-259

PCT/KR2004/002050

Bit rate Forward direction Backward direction
400 29.2 29.2
600 30.7 30.7
800 31.8 31.8
[75]
Table 4: Canoa, CIF, Frames: 0-208
Bit rate Forward direction Backward direction
400 233 24.8
600 25.2 26.2
800 26.2 27.2
[76]
Table 5: Bus, CIF, Frames: 0-150
Bit rate Forward direction Backward direction
400 25.5 26.5
600 273 28.2
800 28.6 29.4
Industrial Applicability
[77] According to the present invention, IWVC can be adaptively performed in
accordance with a boundary condition. In other words, as compared to conventional
methods, a PSNR is increased in the present invention.
[78] It will be understood by those of ordinary skill 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 following claims. Therefore, it is to be ap-
preciated that the above described embodiment is for purposes of illustration only and
not to be construed as a limitation of the invention. The scope of the invention is given
by the appended claims, rather than the preceding description, and all variations and
equivalents which fall within the range of the claims are intended to be embraced

therein.
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Claims

An interframe wavelet video coding method comprising:

(a) receiving a group-of-frames including a plurality of frames and determining a
mode flag according to a predetermined procedure using motion vectors of
boundary pixels;

(b) temporally decomposing the frames included in the group-of-frames in pre-
determined directions in accordance with the determined mode flag; and

(c) performing spatial transform and quantization on the frames obtained by
performing step (b), thereby generating a bitstream.

The interframe wavelet video coding method of claim 1, wherein in step (a), the
group-of-frames comprises 16 frames.

The interframe wavelet video coding method of claim 1, wherein step (a)
comprises determining the mode flag according to the predetermined procedure
using motion vectors obtained at a boundary having a predetermined thickness
among motion vectors of pixels obtained through motion estimation using hi-
erarchical variable size block matching (HVSBM).

The interframe wavelet video coding method of claim 3, wherein the motion
vectors used to determine the mode flag are motion vectors of pixels at left and
right boundaries.

The interframe wavelet video coding method of claim 4, wherein the mode flag

F is determined using the following algorithm:

if (abs(L)< Threshold)then L.=0

if (abs(R)< Threshold)then R=0
if((L <0 and R==0)or (L==0 and R > 0)or (L. < 0 and R > 0))then F=0
else if((L > 0 and R==0)or (L==0 and R < 0)or (L. > 0 and R < 0))then F=1

else F=2

where L denotes an average of X components of motion vectors of pixels at the
left boundary having the predetermined thickness, and R denotes an average of X
components of motion vectors of pixels at the right boundary having the pre-
determined thickness,

wherein step (b) comprises temporally decomposing the frames included in the

group-of-frames in a forward direction when F=0, temporally decomposing the
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frames included in the group-of-frames in a backward direction when F=1, and
temporally decomposing the frames included in the group-of-frames in forward
and backward directions combined in a predetermined sequence when F=2.
The interframe wavelet video coding method of claim 5, wherein when F=2 in
step (b), the frames are decomposed such that an average temporal distance
between frames is minimized.

The interframe wavelet video coding method of claim 3, wherein the motion
vectors used to determine the mode flag are motion vectors of pixels at left,
right, upper, and lower boundaries.

The interframe wavelet video coding method of claim 7, wherein the mode flag

F is determined using the following algorithm:

if (abs(L)< Threshold)then L=0
if (abs(R)< Threshold)then R=0
if (abs(U)< Threshold)then U=0
if (abs(D)< Threshold)then D=0
if(((L <0 and R==0)or (L==0 and R > O)or (L. < 0 and R > 0))and ((D <
0 and U==0)or (D==0 and U > 0O)or (D < 0 and U > 0)or (D ==0 and
U==0)))then F=0
else if(((L > 0 and R==0)or (L==0 and R < 0)or (L > 0 and R < 0))and
((D > 0 and U==0) or (D==0 and U < 0)or (D > 0 and U < 0)or (D ==0 and
U==0)))then F=1

clsc F=2
where L denotes an average of X components of motion vectors of pixels at the
left boundary having the predetermined thickness, R denotes an average of X
components of motion vectors of pixels at the right boundary having the pre-
determined thickness, U denotes an average of Y components of motion vectors
of pixels at the upper boundary having the predetermined thickness, and D
denotes an average of Y components of motion vectors of pixels at the lower
boundary having the predetermined thickness,

wherein step (b) comprises temporally decomposing the frames included in the



WO 2005/020587 17 PCT/KR2004/002050

[9]

[10]

group-of-frames in a forward direction when F=0, temporally decomposing the
frames included in the group-of-frames in a backward direction when F=1, and
temporally decomposing the frames included in the group-of-frames in forward
and backward directions combined in a predetermined sequence when F=2.

The interframe wavelet video coding method of claim 8, wherein when F=2 in
step (b), the frames are decomposed such that an average temporal distance
between frames is minimized.

A recording medium comprising commands which can be executed in a
computer, the commands executing:

(a) receiving a group-of-frames including a plurality of frames and determining a
mode flag according to a predetermined procedure using motion vectors of
boundary pixels;

(b) temporally decomposing the frames included in the group-of-frames in pre-
determined directions in accordance with the determined mode flag; and

(c) performing spatial transform and quantization on the frames obtained by
performing step (b), thereby generating a bitstream.

The recording medium of claim 10, wherein in step (a), the group-of-frames
comprises 16 frames.

The recording medium of claim 9, wherein step (a) comprises determining the
mode flag according to the predetermined procedure using motion vectors
obtained at a boundary having a predetermined thickness among motion vectors
of pixels obtained through motion estimation using hierarchical variable size
block matching (HVSBM).

The recording medium of claim 12, wherein the motion vectors used to
determine the mode flag are motion vectors of pixels at left and right boundaries.
The recording medium of claim 13, wherein the mode flag F is determined using

the following algorithm:

if (abs(L)< Threshold)then L=0

if (abs(R)< Threshold)then R=0
if((L <0 and R==0)or (L==0 and R > O)or (L. < 0 and R > 0))then F=0
else if((L. > 0 and R==0)or (L==0 and R < 0)or (L > 0 and R < 0))then F=1

else F=2
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where L denotes an average of X components of motion vectors of pixels at the
left boundary having the predetermined thickness, and R denotes an average of X
components of motion vectors of pixels at the right boundary having the pre-
determined thickness,

wherein step (b) comprises temporally decomposing the frames included in the
group-of-frames in a forward direction when F=0, temporally decomposing the
frames included in the group-of-frames in a backward direction when F=1, and
temporally decomposing the frames included in the group-of-frames in forward
and backward directions combined in a predetermined sequence when F=2.

[15] The recording medium of claim 14, wherein when F=2 in step (b), the frames are
decomposed such that an average temporal distance between frames is
minimized.

[16] The recording medium of claim 12, wherein the motion vectors used to
determine the mode flag are motion vectors of pixels at left, right, upper, and
lower boundaries.

[17] The recording medium of claim 16, wherein the mode flag F is determined using

the following algorithm:

if (abs(L)< Threshold)then L=0
it (abs(R)< Threshold)then R=0
if (abs(U)< Threshold)then U=0
if (abs(D)< Threshold)then D=0
if(((L <0 and R==0)or (L==0 and R > O)or (L <0 and R > 0))and ((D <
0 and U==0)or (D==0 and U > 0O)or (D < 0 and U > 0)or (D ==0 and
U==0)))then F=0
else if(((L > 0 and R==0)or (L==0 and R < 0)or (L > 0 and R < 0))and
(D > 0 and U==0) or (D==0 and U < 0)or (D > 0 and U < 0)or (D ==0 and
U==0)))then F=1

else F=2
where L denotes an average of X components of motion vectors of pixels at the

left boundary having the predetermined thickness, R denotes an average of X
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components of motion vectors of pixels at the right boundary having the pre-
determined thickness, U denotes an average of Y components of motion vectors
of pixels at the upper boundary having the predetermined thickness, and D
denotes an average of Y components of motion vectors of pixels at the lower
boundary having the predetermined thickness,

wherein step (b) comprises temporally decomposing the frames included in the
group-of-frames in a forward direction when F=0, temporally decomposing the
frames included in the group-of-frames in a backward direction when F=1, and
temporally decomposing the frames included in the group-of-frames in forward
and backward directions combined in a predetermined sequence when F=2.

[18] The recording medium of claim 17, wherein when F=2 in step (b), the frames are
decomposed such that an average temporal distance between frames is
minimized.

[19] An interframe wavelet video coding system which receives a group-of-frames
including a plurality of frames and generates a bitstream, the interframe wavelet
video coding system comprising:

a motion estimation/mode determination block which receives the group-
of-frames, obtains motion vectors of pixels in each of the frames using a pre-
determined procedure, and determines a mode flag using motion vectors of
boundary pixels among the obtained motion vectors; and

a motion compensation temporal filtering block which decomposes the frames
into low- and high-frequency frames in a predetermined temporal direction in
accordance with the mode flag determined by the motion estimation/mode de-
termination block using the motion vectors.

[20] The interframe wavelet video coding system of claim 19, further comprising a
spatial transform block which wavelet-decomposes the low- and high-frequency
frames generated by the motion compensation temporal filtering block into

spatial low- and high-frequency components.
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