
Description METHOD AND APPARATUS FOR SCALABLE VIDEO
ENCODING AND DECODING Technical Field [1] The present
invention relates generally to video compression, and
more par ticularly, to a video coding algorithm in
which the temporal filtering sequence in an encoding
process is inversed in a decoding process. Background
Art [2] Development of information communication
technologies including the Internet has led to an
increase in video communication, as well as text and
sound com munication . However, consumers have not
been satisfied with existing text-based communication
schemes. To satisfy the consumers, multimedia data
containing a variety of information including text,
picture, music and the like has been increasingly
provided. Multimedia data is usually voluminous such
that it requires a storage medium having large
capacity. Also, a wide bandwidth is required for
transmitting the multimedia data. For example, a
picture of 24 bit true color having a resolution of
640x480 needs the capacity of 640x480x24 per frame,
namely, data of approximately 7.37 Mbits. In this
respect, a bandwidth of approximately 1200 Gbits is
needed so as to transmit this data at 30
frames/second, and a storage space of approximately
1200 Gbits is needed so as to store a movie having a
length of 90 minutes. Taking this into consideration,
it is necessary to use a compressed coding scheme in
transmitting multimedia data including text, picture
or sound. [3] A basic principle of data compression is
to eliminate redundancy between the data. The data
redundancy implies three types of redundancies:
spatial redundancy, temporal redundancy, and
perceptional-visual redundancy. Spatial redundancy
refers to du plication of identical colors or objects
in an image, temporal redundancy refers to no or
little variation between adjacent frames in a moving
picture frame or successive repetition of same sounds
in audio, and perceptional- visual redundancy refers
to dullness of human's vision and sensation to high
frequencies. By eliminating these re dundancies, data
can be compressed. Types of data compression can be
divided into loss/lossless compression depending upon
whether source data is lost, intraframe nter-frame
compression depending upon whether data is compressed
inde pendently relative to each frame, and
symmetrical/asymmetrical compression, 



depending upon whether compression and restoration of
data require the same periodof time. In addition, when
a total end-to-end delay time in compression and de
compression does not exceed 50 ms, this is referred to
as real-time compression. When frames have a variety
of resolutions, this is referred to as scalable
compression lossless compression is mainly used in
compressing text data or medical data, and loss
compression is mainly used in compressing multimedia
data. On the other hand, intraframe compression is
generally used in eliminating spatial redundancy and
inter-frame compression is used in eliminating
temporal redundancy. [4] Respective transmission media
to transmit multimedia data have different capacities
by medium. Transmission media in current use have a
variety of transmission speeds, covering an ultra
high-speed communication network capable of
transmitting data of tens Mbits per second, a mobile
communication network having the transmission speed of
384 kbits per second, and so on. In conventional video
coding algorithms, e.g., MPEG-I, MPEG-2, H.263 or
H.264, temporal redundancy is eliminated by motion
compensation based on a motion compensated prediction
coding scheme and a spatial redundancy is eliminated
by a transformation coding scheme. These schemes have
good performance in compression but they have little
flexibility for a true scalable bit-stream because
main algorithms of the schemes employ recursive
approaches. R r this reason, recent research has been
focused on waveletbased scalable video coding.
Scalable video coding refers to video coding having
scalability, the property which enables parts of a
bit-stream compressed to be decoded. Because of this
property, various videos can be attained from a
bit-stream. The term 'scalability' herein is used to
collectively refer to spatial scalability available
for controlling video resolution, signal-to-noise
ratio (SNR) scalability available for controlling
video quality and temporal scalability available for
controlling frame rates of video, and combinations
thereof. [5] Among numerous techniques used in a
wavelet-based scalable video coding scheme, motion
compensated temporal filtering (MCTF) proposed by Ohm
( . R. Ohm, 'Three-dimensional subband coding with
motion compensation,' IEEE Trans. Image Proc, Vol. 3,
No. 5, Sept. 1994 ) and improved by Choi and Wood( S.
J. Choi and J.W. Woods, 'Motion compensated 3-D
subband coding of video,' IEEE Trans. Image Proc, Vol.
8, No. 2, Feb. 1999) is a core technique to eliminate
temporal redundancy and perform scalable video coding
with temporal flexibility. In MCTF, the coding
operation is performed on a Group of Pictures (GOP)
basis, and pairs of a 



current frame and a reference frame are temporally
filtered in the direction of motion. This technique
will be described in more detail with reference to
FIG. 1.[6] FlG. 1 illustrates temporal decompositions
in scalable video coding and decoding processes
employing an MCTF scheme. [7] In FlG. 1, an L frame
indicates a low frequency or average frame and an H
frame indicates a high frequency or difference frame.
As illustrated therein, to perform the coding process,
frame pairs at the lowest temporal level are first
temporally filtered, to thereby transform the frames
at the low temporal level into L frames and H frames
at a higher temporal level, and pairs of the
transformed L frames are again temporally filtered and
transformed into frames at the higher temporal levels.
[8] An encoder generates a bit-stream by use of an L
frame at the highest level and H frames, which has
passed through wavelet transformation. A n encoding
sequence operates from the frames at a lower level to
those at a higher level. A decoder restores frames by
operating darker-colored frames obtained through
inverse wavelet trans formation in the order of frames
at the higher level to those at the lower level. Two L
frames at a second temporal level are restored by use
of an L frame and an H frame at a third temporal
level, and four L frames at a first temporal level are
restored by use of two L frames and two H frames at
the second temporal level. Finally, eight frames are
restored by use of four L frames and four H frames at
the first temporal level. The video coding employing
the original MCTF scheme has temporally flexible
scalability, but it may have some disadvantages such
as poor performance in uni-directional motion
estimation and low quality at low temporal rates and
so on. There have been a number of research endeavors
to improve these disadvantages. One of them is un
constrained MCTF (UMCTF) proposed by and Mihaela (D.
S. Turaga and Mihaela van der Schaar, 'Unconstrained
motion compensated temporal filtering' ISO/ IEC
JTC1/SC29/WG11, MPEG03/M8388, 2002). UMCTF will be
described with reference to FlG. 2. [9] FlG. 2
illustrates temporal decompositions in scalable video
coding and decoding processes employing a UMCTF
scheme. [10] In the UMCTF scheme, a plurality of
reference frames and bi-directional filtering are
available for use, thereby providing more general
frameworks. In addition, nondyadic temporal filtering
may be possible in the UMCTF scheme by using the
proper insertion of an unfiltered frame (A frame).
Instead of filtered L frames, the use of A frames
improves the visual quality at lower temporal levels
since the visual quality of 



L frames degrades severely sometimes due to the lack
of accurate motion estimation. In past research, many
experimental results have shown that UMCTF without an
update-step has better performance than original MCTF.
For this reason, the specificform of UMCTF, which has
no update-step, is generally used although the most
general form of UMCTF allows an adaptive choice of
low-pass filters. [11] The decoder-side can restore a
video sequence having flexible temporal scalability
with a video stream compressed by use of an MCTF (or
UMCTF)-based scalable video coding algorithm. For
example, the decoder-side in FIG. 1 (or FIG. 2) can
restore a video stream having 1/8 frame rate when L
(or A) frames of the temporal level 3 are only
decoded, it can restore a video stream having 1/4
frame rate until L (or A) frames of the temporal level
2 are only decoded, it can restore a video stream
having 1/2 frame rate until L (or A) frames of the
temporal level 1 are only decoded, and it can store a
video stream having the original frame rate when H
frames of the temporal level 1 are all restored to L
(or A) frames through inverse-temporal filtering.
Disclosure of Invention Technical Problem [12]
However, when a video is compressed by use of a
conventional MCTF (or UMCTF)-based scalable video
coding algorithm, the encoder-side has no flexible
temporal scalability. Referring to FIG. 1 (or FIG. 2),
since temporal filtering has been performed from the
frames at a lower temporal level to those at a higher
temporal level by the encoder-side in the conventional
scheme, the encoder can have no temporal scalability.
This is because other frames are restored based on L
(or A) frames at the highest temporal level (temporal
level 3) when inverse-temporal filtering is performed
in a decoding process to allow the decoder-side to
restore a video sequence. The frame at the highest
temporal level can only be obtained after passing
through the whole encoding process in the conventional
schemes, and thus, the encoder-side cannot suspend
temporal filtering because of operation capability or
other reasons. [13] For this reason, there is a need
for a video coding algorithm allowing the encoderside
to have temporal scalability. Technical Solution [14]
Accordingly, the present invention has been conceived
to satisfy the need described above. An aspect of the
present invention is to provide a video coding and
decoding method and apparatus wherein an encoder-side
has temporal scalability. [15] Consistent with an
exemplary embodiment of the present invention, there
is 



provided a method for video coding, the method
comprising (a) receiving a plurality of frames
constituting a video sequence and eliminating a
temporal redundancy between frames on a GOP basis,
starting from the frame at the highest temporal level
se quentially, and (b) generating a bit-stream by
quantizing transformation coefficientsobtained from
the frames whose temporal redundancy has been
eliminated. [16] Wth respect to the frames at the same
temporal level in step (a) , the temporal redundancy
thereof may be eliminated from the frame having the
least index (the frame having the soonest temporality)
to the frame having the highest index (the frame
having the latest temporality). [17] Among the frames
constituting the GOP, the frame at the highest
temporal level may be a frame having the least frame
index in the GOP. [18] In step (a), the first frame at
the highest temporal level may be set to 'A' frame
when a temporal redundancy between frames constituting
a GOP is eliminated, the temporal redundancy between
the frames of the GOP other than the 'A' frame at the
highest temporal level may be eliminated in the
sequence from the highest to lowest temporal level,
and the temporal redundancy may be eliminated in the
sequence from the lowest to highest frame index when
they are at the same temporal level, where one or more
frames which can be referenced by each frame in the
course of eliminating the temporal redundancy have a
higher frame index among the frames at the higher or
same temporal levels. [19] One frame may be added to
frames referenced by each frame in the course of
eliminating temporal redundancy. [20] One or more
frames at a higher temporal level belonging to the
next GOP may be added to frames referenced by each
frame in the course of eliminating the temporal
redundancy. [ The method may further comprise
elimination of spatial redundancy between the
plurality of frames, wherein the generated bit-stream
further comprises information on the sequence of
spatial redundancy elimination and temporal redundancy
elimination (redundancy elimination sequence). [22]
Consistent with another aspect of the present
invention, there is provided a video encoder
comprising a temporal transformation unit receiving a
plurality of frames and eliminating a temporal
redundancy of the frames in the sequence of the
highest to lowest temporal level, a quantization unit
quantizing transformation coefficients obtained after
eliminating the temporal redundancy between the
frames, and a bitstream 



generation unit generating a bit-stream by use of the
quantized transformation coefficients. [23] The
temporal transformation unit may comprise a motion
estimation unit obtaining motion vectors from the
received plural frames, and a temporal filtering unit
performing temporal filtering relative to the received
plural frames on a GOP basis byuse of the motion
vectors, the temporal filtering unit performing the
temporal filtering on a GOP basis in the sequence of
the highest to lowest temporal level or of the lowest
to highest frame index at the same temporal level, and
by referencing the original frames of the frames
having already been temporally filtered. [24] The
temporal filtering unit may further comprise each
frame in process of the temporal filtering among
reference frames referenced when eliminating a
temporal redundancy between the frames in process of
the temporal filtering. [25] The video encoder may
further comprises a spatial transformation unit
eliminating a spatial redundancy between the plural
frames, wherein the bit-stream generation unit
combines information on the sequences of eliminating
temporal redundancy and spatial redundancy to obtain
the transformation coefficients and generates the
bitstream. [26] Consistent with a further aspect of
the present invention, there is provided a method for
video decoding comprising (a) extracting information
regarding encoded frames and the redundancy
elimination sequence by receiving and interpreting a
bitstream , (b) obtaining transformation coefficients
by inverse-quantizing the in formation regarding the
encoded frames , and (c) restoring the encoded frames
through an inverse-spatial transformation and an
inverse-temporal transformation of the trans formation
coefficients inversely to the redundancy elimination
sequence . [27] In step ( ), information on the number
of encoded frames per GOP is further extracted from
the bit-stream. [28] Consistent with a still further
exemplary embodiment of the present invention, there
is provided a video decoder comprising a bit-stream
interpretation unit in terpreting a received
bit-stream to extract information regarding encoded
frames therefrom and the redundancy elimination
sequence, an inverse-quantization unit
inverse-quantizing the information regarding the
encoded frames to obtain trans formation coefficients
therefrom , an inverse spatial transformation unit
performing an inverse-spatial transformation process ,
and an inverse temporal transformation unit performing
an inverse-temporal transformation process, wherein
the encoded frames of the bit-stream are restored by
performing the inverse-spatial process and the
inversetemporal 



transformation process on the transformation
coefficients inversely to the sequence of the
redundancy elimination sequence of the encoded frames
by referencing the redundancy elimination sequence.
[29] Consistent with another still further exemplary
embodiment of the present invention, there is provided
a storage medium recording thereon a program readable
bya computer so as to execute a video coding or
decoding according to any one of the above-described
exemplary embodiments. Description of Drawings [30]
The above and other objects, features and advantages
of the present invention will be more clearly
understood from the following detailed description
taken in conjunction with the accompanying drawings,
in which: [31] FlG. 1 illustrates temporal
decompositions in scalable video coding and decoding
processes employing a conventional MCTF scheme; [32]
FlG. 2 illustrates temporal decompositions in scalable
video coding and decoding processes employing a
conventional UMCTF scheme; [33] FlG. 3 illustrates
temporal decompositions in scalable video coding and
decoding according to an exemplary embodiment of the
present invention; [34] FlG. 4 illustrates temporal
decompositions in scalable video coding and decoding
according to an other exemplary embodiment of the
present invention; [35] FlG. 5 illustrates
hierarchical coding (or decoding) in FlG. 4; [36] FlG.
6 illustrates possible connections between frames in
the course of coding while maintaining the scalability
by an encoder-side; [37] FlG. 7 illustrates
referencing between frames of neighboring GOPs to
increase coding efficiency according to an other
exemplary embodiment of the present invention; [38]
FlG. 8 illustrates a plurality of referencing modes
used to increase the coding efficiency according to an
other exemplary embodiment of the present invention;
[39] FlG. 9 illustrates hierarchical structures and
kinds of frames when the plurality of referencing
modes are used; [40] FlG illustrates an example of
video coding in a video sequence having a high
fluctuation according to the exemplary embodiment of
FlG. 9; [ FlG. illustrates an example of video coding
in a video sequence having a little fluctuation ,
according to the exemplary embodiment of FlG. 9; [42]
FlG. is a functional block diagram illustrating a
construction of scalable video 



encoder according to an exemplary embodiment of the
present invention; [43] FlG. is a functional block
diagram illustrating a construction of scalable video
encoder according to an other exemplary embodiment of
the present invention; and [44] FlG. 14 is a
functional block diagram illustrating a construction
of scalable video decoder according to an exemplary
embodiment of the present invention. Mode for
Invention[45] Hereinafter, exemplary embodiments of
the present invention will be described in detail with
reference to the accompanying drawings. [46] A
scalable video coding algorithm compresses frames on a
GOP (Group of Picture) basis. The size of a GOP (the
number of frames constituting a GOP) may be determined
differently depending upon a coding algorithm but is
preferably determined to be 2 ( is a natural number).
The GOP is assumed to have 8 frames in the exemplary
embodiments of the present invention to be described
later; however, this is merely by way of example. In
this regard, even though the GOP size varies, this
should be construed to fall under the protected scope
granted to the present invention as far as it implies
the technical idea of the present invention. [47] FlG.
3 illustrates temporal decompositions in scalable
video coding and decoding according to an exemplary
embodiment of the present invention. [48] Referring to
FlG. 3, both temporal decompositions (that is,
temporal filtering) in coding and decoding are
performed from higher temporal levels to lower
temporal levels in sequence. Temporal decomposition by
an encoder-side from frames at higher temporal levels
to those at lower temporal levels in sequence
constitutes a main feature of the present invention
distingdshed from conventional art. Accordingly, the
encoderside can also achieve temporal scalability
according to the present invention. [49] The coding
process will be described in more detail below. [50]
'A' frames shown in the Figures refer to frames which
have not been filtered in temporal filtering. In other
words, the 'A' frames may refer to frames whose
predictionbased temporal filtering has not been
performed. ' frames shown in the Figures refer to
frames whose temporal filtering has been performed.
Each macroblock constituting the H' frame includes
information on differences obtained through comparison
with the macroblock corresponding to a frame targeted
for reference (hereinafter referred to as 'reference
frame'). [ At first, an index whose temporal level is
3 encodes a 0 numbered frame (hereinafter referred to
as '0 numbered frame'), where encoding is performed by



performing only spatial transformation, not performing
temporal filtering. The 4 numbered frame is temporally
filtered by referencing the original 0 numbered frame
stored in a buffer as not encoded. Each block of the 4
numbered frame whose temporal filtering has been
performed records thereon information on differences
between blocks corresponding to the original 0
numbered frame. That is, the 2 numbered frame is
temporally filtered by referencing the original 0
numbered frame and the 6 numbered frame is temporally
filtered by referencing the original 4 numbered
frame.In the same manner, frames at the temporal level
1 are temporally filtered. That is, 1, 3, 5 and 7
numbered frames are temporally filtered by referencing
the original 0, 2, 4 and 6 numbered frames
respectively. The 0 numbered frame whose temporal
filtering has not been performed and the 0 to 7
numbered frames (frames with dark colors) whose
temporal filtering has been performed are compressed
through a quantization process after they are
temporally transformed. To the compressed information
is added information on motion vectors obtained in the
temporal filtering process and other necessary
information, to generate a bit-stream, and the
bit-stream is transmitted to the decoder-side through
a transmission medium. [52] Decoding process will be
described in more detail. Frames with darker color
refer to coded frames obtained from the bit-stream and
white frames refer to frames restored through the
decoding process. [53] At first, the 0 numbered frame
at the temporal level 3 is decoded (the original 0
numbered frame is restored by performing
inverse-quantization and inverse-temporal
transformation). The 4 numbered frame temporally
filtered by referencing the original 0 numbered frame
as decoded is restored to the original 4 numbered
frame through inverse-temporal filtering. Then,
inverse-temporal filtering is performed with respect
to frames at the temporal level 2 temporally filtered.
Inverse-temporal filtering is performed with respect
to frames at the temporal level 2 temporally filtered
by referencing the original 0 numbered frame as
restored, and the 6 numbered frame temporally filtered
is inverse-temporally filtered by referencing the
original 4 numbered frame as restored. In the same
manner, frames at the temporal level 1 temporally
filtered is inverse-temporally filtered. That is, the
1, 3, 5 and 7 numbered frames are inverse-temporally
filtered by referencing the original 0, 2, 4 and 6
numbered frames as restored. [54] According to the
above exemplary embodiment, a video stream compatible
in the conventional MCTF-based scalable video decoder
may be generated. However, it 



should be noted that the bit-stream coded according to
the above exemplary embodiment may not imply that it
is completely compatible in the conventional
MCTF-based scalable video decoder. Herein, the term
'compatible' implies that lowfrequency subbands, being
decomposed in comparison with frame pairs in the con
ventional MCTF scheme and not updated with average
values of frame pairs may be compatible with a decoder
for restoring a video stream coded in a MCTF scheme
employing a coding scheme in which the original frames
are not temporally filtered. [55] To first describe
the temporal scalability of the decoder-side, the
decoder-side canrestore the 0 numbered frame at the
temporal level 3 when it has received coded frames. If
decoding is suspended, a video sequence having 1/8 of
the frame rate can be obtained. After restoring the 0
numbered frame at the temporal level 3, if decoding is
suspended as the 4 numbered frame at the temporal
level 2 has been restored, a video sequence having 1/4
of the frame rate can be obtained. In the same manner,
a video sequence having 1/2 of the frame rate and the
original frame rate can be obtained. [56] Next, the
temporal scalability by the encoder-side according to
the present invention will be described. If the
encoder-side codes the 0 numbered frame at the
temporal level 3 and transfers the coded 0 numbered
frame to the decoder-side as the coding process is in
suspension (it is suspended on a GOP basis), the
decoder-side can restore a video sequence having 1/8
of the frame rate. If the encoder-side codes the 0
numbered frame at the temporal level 3, temporally
filters the 4 numbered frame and then transfers the
coded 0 and 4 numbered frames to the decoder-side as
the coding process is in suspension, the decoder-side
can restore a video sequence having 1/4 of the frame
rate. Likewise, if the coded 0, 2, 4 and 6 numbered
frames are transferred to the decoder-side as the
coding process is in suspension after temporally
filtering and coding the 2 and 6 numbered frames at
the temporal level 2, the decoder side can restore a
video sequence having 1/2 of the frame rate. According
to the present invention, even where real-time
operation relative to all the frames of GOPs is in
sufficient because of insufficient operation
capability or other reasons for coding by the
encoder-side in an application requiring real-time
coding, even if the coding is only the coding relative
to partial frames, by a codec whose coding algorithm
has not been corrected, which are transferred to the
decoder-side, the decoder-side can restore any video
sequence having a lower frame rate. [57] FlG. 4
illustrates temporal decompositions in scalable video
coding and decoding according to an other exemplary
embodiment of the present invention. 



[58] This exemplary embodiment illustrates an example
in which a video coding algorithm according to the
present invention is applied to an UMCTF-based
scalable video coding process. [59] In comparison of
the UMCTF-based video coding and decoding shown in
FlG. 2 with those shown in FlG. 4, it can be known
that there are different coding sequences by the
encoder-sides. That is, the temporal filtering by the
encoder-side is sequentially performed from frames at
the higher temporal level to frames at the lower
temporal level. This will be described below in more
detail. [60] At first, the 0 numbered frame at the
highest temporal level is not temporallyfiltered but
merely coded. Then, the 4 numbered frame is temporally
filtered by referencing the original 0 numbered frame.
After then, the 2 numbered frame at the temporal level
2 is temporally filtered by referencing the original 0
and 4 numbered frames and the 6 numbered frame is
temporally filtered by referencing the original 4
numbered frame. To temporally filter a certain frame
by referencing two frames implies that the frame is
temporally filtered by so called bidirectional
prediction. Thereafter, the 1 numbered frame at the
temporal level 1 is temporally filtered by referencing
the original 0 and 2 numbered frames, the 3 numbered
frame is temporally filtered by referencing the
original 2 and 4 numbered frames, the 5 numbered frame
is temporally filtered by referencing the original 4
and 6 numbered frames, and the 7 numbered frame is
temporally filtered by referencing the original 6
numbered frame. [ The decoding process serves to
restore a video sequence through inverse-temporal
filtering in the same sequence as in the coding
process. [62] As illustrated in the embodiment shown
in FlG. 3, the encoder-side as well as the
decoder-side can have temporal scalability in this
exemplary embodiment. Since a bidirectional
prediction-based temporal level is used in the
embodiment illustrated in FlG. 4, video compression
according to this exemplary embodiment can improve
compression efficiency as compared to the video
compression according to FlG. 3. [63] FlG. 5
illustrates hierarchical coding (or decoding). [64]
The exemplary embodiment illustrated in FlG. 4 may be
depicted in a hierarchical manner as in FlG. 5 for
easier understanding of the present invention. [65] As
illustrated, all the frames at each temporal level are
expressed as nodes, and referencing connections
between them are indicated with arrows. To describe
FlG. 5 with respect to a coding process, it implies
that the original frame corresponding to the node from
which an arrow starts can be a reference frame for
temporal filtering of 



another frame. The frame corresponding to the node at
which the arrow arrives can be a high-frequency
subband temporally filtered by referencing the
original frame of the node from which the arrow
starts. To describe it with respect to a decoding
process, the original frame corresponding to the node
from which an arrow starts can be a reference frame
for inverse-temporal filtering of another frame, and
the frame cor responding to the node at which the
arrow arrives can be a high-frequency subband, which
is ready to be restored to the original frame through
inverse-temporal filtering by referencing the original
frame (restored frame) of the node from which the
arrow starts. In view of the encoder-side, the term
'original frame' may refer to the frame before
temporal filtering is performed, but it may refer to
the frame restored throughinverse-filtering of the
coded frame in view of the decoder-side. [66] As
illustrated, only necessary frames can be located in
each temporal level. R)r example, it is shown that
only one frame among frames of a GOP comes in the
highest temporal level. In this exemplary embodiment,
the 0 numbered frame has the highest temporal level,
because it has considered compatibility with the
conventional UMCTF. If the frame index having the
highest temporal level is not zero(O), the
hierarchical structures of the temporal filtering
processes by the encoder-side and the decoder-side may
be different from the structure depicted in FIG. 5.
Referring to this figure, the 0 numbered frame is
coded into the A frame whose temporal filtering is not
performed at the highest temporal level when the GOP
size is 8, and the 4 numbered frame is coded to a high
frequency subband by referencing the original frame of
the 0 numbered frame at the next temporal level. Then,
the 2 numbered frame is coded to a high frequency
subband by referencing the original frames of the 0
and 4 numbered frames, and the 6 numbered frame is
coded to a high frequency subband by use of the
original frame of the 4 numbered frame. likewise, the
1, 3, 5 and 7 numbered frames are coded to high
frequency subbands by use of the 0, 2, 4 and 6
numbered frames. [67] In the decoding process, the 0
numbered frame is first decoded. Then, the 4 numbered
frame is decoded by referencing the restored 0
numbered frame. In the same manner, the 2 and 6
numbered frames are decoded by referencing the stored
0 and 4 numbered frames. Lastly, the 1, 3, 5 and 7
numbered frames are decoded by referencing the
restored 0, 2, 4 and 6 frames. [68] Since both the
encoder-side and the decoder-side code (or decode)
starting from the frame at the higher temporal level,
the scalable video coding algorithm according to this
exemplary embodiment allows the encoder-side as well
as the decoder-side to 



have temporal scalability. [69] In case of the
conventional UMCTF algorithm, a video sequence could
have been compressed by referencing a plurality of
reference frames differently from the MCTF algorithm.
The present invention retains this property of UMCTF.
Conditions to maintain the temporal scalability both
in the encoder-side and the decoder-side when a video
sequence is restored by encoding and decoding the
video by referencing a plurality of reference frames
will be described below. [70] It is assumed that F(k)
indicates a frame having the k index and T(k)
indicates a temporal level of a frame having the k
index. In order to establish the temporal scalability,
any frame having lower temporal levels than the
temporal level at which a certain frame is coded
cannot be referenced. For example, the 4 numbered
framecannot reference the 2 numbered frame. If such
kind of referencing is permitted, the coding process
cannot stop at the 0 and 4 numbered frames (that is,
the 4 numbered frame can only be coded after the 2
numbered frame has been coded). A set of reference
frames R , which can be referenced by the frame F(k),
is determined by the k following equation. [71]
Equation 1 R = (F(I) T(l)>T(k)) or ((T(I)=T(Ic)) and
(1<=*))}, [72] where 1 refers to an index of a
reference frame. [73] In the meantime, ((T(1)=T(k))
and ( <=k)) implies that the frame F(k) is temporally
filtered by referencing itself in the temporal
filtering process (so called 'intra mode'), which will
be described later. [74] According to Equation 1, the
conditions to maintain the scalability both in the
encoder-side and the decoder-side can be arranged as
follows. [75] The encoding process operations are the
following. . Encode the first frame of a GOP as a
frame having not referenced another frame, preferably,
but not necessarily, to a frame (A frame) whose
temporal filtering has not been performed. 2. For the
frames at the next temporal level, make motion
prediction and encode the frames, referencing possible
reference frames satisfying Equation (1). At the same
temporal level, the frames are encoded in the
left-to-right order (in the order of the lowest to
highest frame indexes). 3. Repeat operation (2) until
all the frames are encoded, and then encode the next
GOP until encoding for all the frames is completed. 



[76] The decoding process operations are the
following. . Decode the first frame of a GOP. 2.
Decode the frames at the next temporal level using
proper reference frames among already decoded frames.
At the same temporal level, the frames are decoded in
the left-to-right order (in the order of the lowest to
highest frame indexes). 3. Repeat operation (2) until
all the frames are decoded, and then decode the next
GOP until decoding for all the frames is completed.
[77] FIG. 6 illustrates possible connections between
frames in the course of coding while maintaining the
scalability by an encoder-side. This figure shows
possible connections between reference frames
satisfying the conditions of Equation 1. [78] In FIG.
6, the frames marked A are intra-coded (that is,
reference no other frames), and frames marked H
indicate that the concerned frame refers to a high
frequency subband. The high frequency subband is a
frame encoded with reference to one ormore frames.
[79] In FlG. 6 , where the size of GOP is eight, the
temporal level of a frame is in the sequence of 0, 4,
(2, 6), (1, 3, 5, 7) for illustrative purposes. In
addition, there is little problem in terms of the
encoder-side temporal scalability and the decoder-side
temporal scalability even where it is in the sequence
of 1, 5, (3, 7), (0, 2, 4, 6). likewise, the temporal
level sequence of 2, 6, (0, 4), (1, 3, 5, 7) is
permissible. In other words, any frames at the
temporal level that can satisfy the encoder-side
temporal scalability and the decoder-side temporal
scalability are permissible. [80] As illustrated in
FlG. 6, a frame can be encoded with reference to
multiple frames. But, use of multiple reference frames
to encode a frame shows an inclination to increase the
amount of a memory used for temporal filtering and the
time of delaying processing. Taking this into
consideration, reference frames to encode a frame are
constrained to two (2) for bi-directional prediction
in the exemplary embodiments of the present invention.
Hereinbelow, the maximum number of reference frames to
encode each frame will be constrained to 2. Further,
among the frames available for referencing the frames
having the closest temporal distance are used as
reference frames to encode each frame. This is because
closest frames actually have higher similarity than
distant frames in most video sequences. [81] As
described above, the frame at the highest temporal
level within a GOP will be described below as the
frame having the least frame index with respect to the
exemplary embodiment, just for illustrative purposes.
Thus, it should be noted that the frame at the highest
temporal level may be a frame having a different
index. 



[82] FlG. 7 illustrates referencing between frames of
neighboring GOPs to increase coding efficiency
according to an other exemplary embodiment of the
present invention . [83] As illustrated, the video
coding algorithm according to the present invention
can encode frames with reference to a plurality of
frames, differently from the con ventional MCTF
algorithm. There is no need that the reference frames
to be referenced for encoding must belong to a GOP. In
other words, frames can be encoded with reference to a
frame belonging to another GOP to enhance a video
compression efficiency, which will be called
'cross-GOP optimization'. This cross-GOP op timization
can support the conventional UMCTF algorithm. The
reason why the cross- GOP optimization is available is
because both the UMCTF and the coding algorithm
according to the present invention uses A frames not
temporally filtered, in lieu of L frames temporally
filtered (high frequency subband).[84] In FlG. 6, when
the 7 numbered frame is temporally filtered by way of
bi directional prediction, the temporal filtering is
performed with reference to the original frames of the
0, 4 and 6 numbered frames. The 7 numbered frame
encoded at this time has prediction errors with the 0,
4 and 6 reference frames accumulated. However, when
the 7 numbered frame references the original frame of
the 0 numbered frame of the next GOP (to calculate
with the current GOP, the 8 numbered frame) as
illustrated in FlG. 7, the accumulation of prediction
errors may be conspicuously reduced. Thisis because
the 7 numbered frame references the closest frame at
the temporal level in the course of temporal
filtering. In addition, since the 0 numbered frame at
the next GOP as a reference frame is a frame not
temporally filtered (that is, intra-coded), the
quality of the 7 numbered frame can be remarkably
enhanced. When a coded frame is decoded by the
decoder-side, the 0 numbered frame is decoded and
restored where the cross- GOP optimization is not
done, the 4 numbered frame is restored through
inversetemporal filtering with reference to the
restored 0 numbered frame, and the 7 numbered frame is
restored through inverse-temporal filtering with
reference to the restored 4 numbered frame. At this
time, errors made in the course of restoration
(including errors when the 4 numbered frame is
restored, when the 6 numbered frame is stored and when
the 7 numbered frame is restored) are accumulated.
However, where the cross-GOP optimization is applied,
the 7 numbered frame can be restored with reference to
the 0 numbered frame at the next GOP already restored
(that is, the 8 numbered frame), wherein there is only
an error when the 0 to 7 numbered frames at 



the next GOP are restored, since the 7 numbered frame
is restored through inversetemporal filtering with
reference to the 0 numbered frame of the next GOP. In
temporal filtering and inverse-temporal filtering as
structured in FlG. 7, the operation sequence relative
to frames may be in the sequence of 0, 4, 2, 1, 3, 8
(0 of the next GOP), 6, 5 and 7. The operation
sequence may be in the order of 0, 4, 8 (0 of the next
GOP), 2, 6, 1, 3, 5 and 7 wherein the next GOP may be
in the order of 4, 8, 2, 6, 1 and 3. The final delay
time may have a three-frame interval in the former
case, whereas the final delay time may have a
seven-frame interval in the latter case. Here, the
final delay time means a delay time generated due to
the algorithm itself, exclusive of the operation time
of encoding and decoding and transmission time of data
encoded. That is, the final delay time refers to the
time which the decoder-side requires for playing video
images without interruption when the video sequence of
a specific frame rate is compressed and transmitted to
the decoder-side. In the former case, the 0 numbered
frame can do immediate encoding and immediate
transmission at the same time withvideo photographing
but the 1 numbered frame cannot do immediate encoding
simul taneously with the video encoding. To encode the
1 numbered frame, the 4 and 2 numbered frames should
first be encoded in terms of the video sequence, and
thus, the video coding relative to the 1 numbered
frame may be possible only after the 2, 3 and 4
numbered frames are all photographed after the 1
numbered frame has been pho tographed. At this time,
the delay time at a 3-frame interval is generated. The
3 and 4 numbered frames can be immediately encoded.
Likewise, since the 8 numbered frame is requested to
encode the 1 numbered frame in the latter case, the
delay time is the 7-frame interval. Both in the former
and latter cases, the temporal relation from input of
the video sequence photographed to output of the video
sequence restored can be arranged as shown in Table 1.
[85] Table 1 Time 0 1 2 3 4 5 6 7 8 9 In the sequence
ofO, 4, 2, 1, 6 7 0 4 4 4 4 6 6 7 8 12 Time available
for encoding Delay time 0 3 2 1 0 1 0 0 0 3 In the
sequence ofO, 4, 2, 6, 1, 3, 5, 7 3 4 5 6 7 8 9 10 11
12 



Time available for decoding In the sequence ofO, 4, 8,
2, 6 1 7 0 8 8 8 8 8 8 8 8 16 Time available for
encoding Delay time 0 7 6 5 4 3 2 1 0 7 In the
sequence ofO, 4, 8, 2, 6 1 7 7 9 10 11 12 13 14 15 16
Time available for decoding [86] Meanwhile, when the 4
numbered frame is encoded, the 8 numbered GOP may be
referenced. Even in this case, the final delay time
will have the 7-frame interval. This is because the 8
numbered frame is needed to encode the 1 numbered
frame. [87] Wth respect to the exemplary embodiments
above, an encoding and a decoding algorithm allowing
the encoder-side to have a scalability, compatible
with a decoding algorithm with limitations in that
frames are decoded in a specific sequence (in most
cases, from the frame at the highest temporal level to
the frame at the lowest temporal level), and in frames
available for referencing. The exemplary embodiments
of the present invention make it possible for the
encoder-side to be compatible with a plurality of
conventional decoder-sides and also to have a temporal
scalability.According to the present invention, the
encoder-side may be allowed to have a scalability and
the maximum delay time at the 3-frame interval.
Further, the present invention may improve the encoded
video quality by supporting the cross-GOP op
timization. Besides, the present invention may support
encoding and decoding of videos having non-dichotomous
frame rates and improvement of picture quality through
intra macroblock prediction. [88] In the case of
encoding and decoding of videos having non-dichotomous
frame rates, they may also be supported by the
existing UMCTF coding algorithm. In other words, the
UMCTF-based scalable video encoder can perform
temporal filtering with reference to a distantly
separate frame as well as the closed frame in
compression of video sequences. For example, in coding
a GOP comprised of 0 to 5 numbered frames, UMCTF-based
temporal filtering is performed by setting 0 to 3
numbered frames to 'A' frames and 5 numbered frames to
H' frames, and then temporally filtering them. After
then, the 0 numbered frame and the 3 numbered frame
are compared, and the former frame is set to 'A' frame
and the latter frame is set to frame, and they are
temporally filtered. In the present invention, video
coding having non-dichotomous frame rates is 



available, as in UMCTF, but the difference from the
conventional UMCTF is in that the 0 numbered frame is
encoded to 'A' frame and the 3 numbered frame is
decoded to an H' frame with reference to the original
frame of the 0 numbered frame, and then, encodes 1, 2,
4 and 5 numbered frames to H' frames. [89] Intra
macroblock prediction (hereinafter referred to as
'intra prediction') will be described with reference
to FIG. 8. [90] FIG. 8 illustrates a plurality of
referencing modes used to increase the coding
efficiency according to an other exemplary embodiment
of the present invention. [91] Illustrated in FIG. 8
are (1) forward prediction, (2) backward prediction,
(3) bi directional prediction (or weighted
bi-direction prediction) and (4) intra prediction.
Conventionally, three modes of forward directional
prediction, inverse directional prediction and
bi-directional prediction have been supported in the
scalable video coding. Further, the present invention
comprises two modes of bi-directional prediction with
weighted value and intra prediction so as to increase
the compression efficiency. Application of the intra
prediction can improve the coding efficiency of
quickly changing video sequences. [92] First,
determination of an inter macroblock prediction
(hereinafter referred to as 'inter prediction') mode
will be considered below. [93] Forward prediction,
backward prediction and bi-directional prediction can
be easilyrealized because bi-directional prediction
and multiple reference frames are permitted. A
well-known Hierarchical Variable Block Size Matching
(HVBSM) algorithm may be used, but the exemplary
embodiments of the present invention employ a motion
prediction of a fixed block size. R r the sake of
convenience, it is assumed that E(k, -1) refers to the
Sumof Absolute Differences (hereinafter referred to as
'SAD') in the k forward prediction, and B(k, -1)
refers to the total number of bits to be allotted for
quantizing motion vectors in the forward prediction.
Likewise, it is assumed that E(k, +1) refers to the
SAD in the k backward prediction and B(k, +1) refers
to the total number of bits to be allotted for
quantizing motion vectors in the backward prediction,
E(k, *) refers to the SAD in the k bi-directional
prediction and B(k, *) refers to the total number of
bits to be allotted for quantizing motion vectors in
the bi-directional prediction, and E(k, #) refers to
the SAD in k bi-directional prediction with weighted
value and B(k, #) refers to the total number of bits
allotted for quantizing motion vectors in the
bi-directional prediction with weighted value. The
cost for forward, backward and bi-directional
prediction modes, and a bi-directional prediction with



weighted value can be described with respect to
Equation 2. [94] Equation 2 C = E(k \ +lB(k, -\), C
=E(k,l) +AB(k,l), C = E(k,*)+ AB(k, - ) B(k,l)}^ C =
E(k, #) + l {B(k,- ) B(Jc,1) + P} [95] where , C , C
and C refer to costs for forward, backward,
bi-directional, and a f b b wbi bi-directional
prediction with weighted value prediction modes,
respectively, and P refers to a weighted value. [96] l
is a Lagrangian coefficient to control the balance
between the motion and texture (image) bits. Since the
scalable video encoder cannot know the final
bit-rates, l should be optimized with respect to the
nature of the video sequence and bit-rates mainly used
in the target application. By computing minimum costs
therefor as defined in Equation (2), the best
optimized inter-macroblock prediction mode can be
determined. [97] Under the bi-directional prediction
mode, a certain block is encoded by recording
adifference between a virtual block and the block to
be encoded on the block to be encoded, the virtual
block being formed by averaging a reference block in
the forward prediction and a reference block in the
backward prediction. Thus, to restore the en coded
block, information on errors and two motion vectors to
locate a block targeted for referencing are needed.
[98] By the way, unlike bi-directional prediction, the
bi-directional prediction with weighted value is based
on each reference block and the block to be encoded
being different in the degree of similarity. R r the
bi-directional prediction with weighted value, pixel
values of a reference block in forward prediction is
multiplied by P and pixel values of a reference block
in backward prediction is multiplied by (1-P), and
both results are summed to make a virtual block. The
block to be encoded is encoded by referring to the
virtual block as a reference block. [99] Next,
determination by an intra macroblock prediction mode
will be described. [100] Scenes can be changed very
fast in several video sequences. In an extreme case, a
frame which has no property of temporal redundancy
with neighboring frames may be located. To solve this
problem, an MC-EZBC-based coding method supports a
property of adaptive GOP size. The quality of adaptive
GOP size allows temporal 



filtering to be suspended when the number of pixels
not linked is larger than the reference value as
predetermined (about 30% of the whole pixels) and the
concerned frame to be encoded to an J frame. Employing
this method improves the coding efficiency better than
employing the conventional MCTF method. However, since
this method is uniformly determined on a frame basis,
the present invention has introduced a concept of
intra macroblock used in a standard hybrid encoder, as
a more flexible scheme. Generally, an open loop codec
cannot use information of a neighboring macroblock
because of prediction draft, whereas a hybrid codec
can use a mode of multiple intra prediction. In this
exemplary embodiment, a DC prediction has been used
for an intra prediction mode. In this mode, a
macroblock is intra-predicted by a DC value for Y, U
and V components of its own. When the cost at the
intra prediction mode is less than the cost at the
best inter prediction mode as described above, the in
tra prediction mode is selected. In this case, a
difference between original pixels and DC values is
encoded and three DC values in lieu of motion vectors
are encoded. The cost at the intra prediction mode can
be defined by Equation 3. [101]Equation 3 C =E(k,0)+l
B(k,0), [102] where E(k, 0) refers to a SAD at the k
intra prediction (different between original luminance
values and DC values) and B(k, 0) refers to the total
number of bits to encode three DC values. [103] When C
is less than the values calculated by Equation 2,
encoding by the intra prediction mode is performed.
When all macroblocks are encoded at an intra
prediction mode with only a single set of DC values,
it is desirable to change them to 'A' frames (T frames
in the conventional MPEG-2) encoded not based on
prediction. On the other hand, when a user desires to
view arbitrary spots in the course of a video sequence
or automatically edit a video, it is preferred that
the video sequence has as many T frames as possible.
In this case, a method of changing inter-prediction
frames to T frames may be desirable. [104] Even though
all macroblocks are not coded by an intra prediction
mode, if they are changed to T frames when a
predetermined percentage thereof (for example, 90%)
are coded at the intra prediction mode, viewing
arbitrary spots in the course of a video sequence or
automatic editing of a video may be accomplished more
easily. [105] FIG. 9 illustrates hierarchical
structures and kinds of frames when the plurality of 



referencing modes are used. [106] 'I+H' means that
frames comprise both macroblocks at intra prediction
and macroblocks at inter prediction. T means that the
frame is coded by itself without prediction. In other
words, T frame refers to a frame changed so as to be
coded by itself without prediction when the percentage
of macroblocks at intra prediction is larger than a
reference value. The intra prediction may be used in
an initial frame of a GOP (the frame at the highest
temporal level), but this is not employed in the
present invention, because it is not as effective as
the original frame-based wavelet trans formation.
[107] FIGS. and illustrate examples in which frames
are predicted at various modes in a video sequence
having high fluctuation and in a video sequence having
little fluctuation. The term 'percent' indicates a
percentage at production mode, T indicates a
percentage at intra prediction (provided the first
frame of a GOP is not used for prediction), TJI'
indicates a percentage at bidirectional prediction,
'F' indicates a percentage at forward prediction and
TJ' indicates a percentage at backward prediction.
[108] Referring to FIG. 10, it is shown that the
percentage of F is overwhelming by 78%since the 1
numbered frame is almost similar to the 0 numbered
frame, and the percentage of BI is overwhelming by 87%
since the 2 numbered frame is close to the middle
between the 0 numbered frame and the 4 numbered frame
(that is, an image in which the 0 numbered frame is
brighter than others). I is coded by 100% since the 4
numbered frame is completely different from other
frames whereas B is coded by 94% since the 5 numbered
frame is completely different from the 4 numbered
frame and is similar to the 6 numbered frame. [109]
Referring to FlG. , all the frames are similar. BI
shows the best performance where all the frames are
actually very similar. Thus, FlG. demonstrates that
the percentages of BIs are generally high. [110] FlG.
is a functional block diagram illustrating a
construction of scalable video encoder according to an
exemplary embodiment of the present invention. [Ill] A
scalable video encoder receives a plurality of input
frames constituting a video sequence, compresses them
on a GOP basis and generates a bit-stream. For this
purpose, the scalable video encoder comprises a
temporal transformation unit eliminating temporal
redundancies between a plurality of frames, a spatial
trans formation unit 20 eliminating spatial
redundancy, a quantization unit 30 quantizing
transformation coefficients generated after temporal
and spatial redundancies are 



eliminated, and a bit-stream generation unit 40
generating a bitstream of a combination of quantized
transformation coefficients and other information.
[112] The temporal transformation unit comprises a
motion estimation unit and a temporal filtering unit
14 to compensate for motions between frames and filter
the frames temporally. [113] At first, the motion
estimation unit 12 seeks motion vectors between each
macroblock of frames whose temporal filtering is being
executed and each macroblock of reference frames
corresponding to them. Information on motion vectors
is provided to the temporal filtering unit 14, and the
temporal filtering unit 14 performs a temporal
filtering relative to plural frames by use of
information on the motion vectors. In an exemplary
embodiment of the present invention, the temporal
filtering progresses from the frame at the highest
temporal level to the frame at the lowest temporal
level in sequence. In case of frames at the same
temporal level, the temporal filtering is progressed
from the frame having the lowest frame index (the
frame temporally earlier) to the frame having the
highest frame index. Among frames constituting a GOP,
the frame having the highest frame level uses the
frame having the lowest frame index, by way of
example. However, it is also possible to select
another frame in theGOP as the frame having the
highest temporal level. [ 14] Frames whose temporal
redundancies are eliminated, that is, temporally
filtered frames, pass through the spatial
transformation unit 20 to thereby eliminate spatial re
dundancies. The spatial transformation unit 20
eliminates spatial redundancies of the temporally
filtered frames by use of spatial transformation. In
this regard, waveletbased transformation is used in
the present invention. In the wavelet-based trans
formation currently known, a frame is divided into
four equal parts, an image compressed to have
one-fourth area, very similar to the whole image, is
positioned on one of the quarter faces and the
remaining quarter faces are substituted for
information (H' image) with which the whole image can
be restored through the J image.In the same manner, an
L' frame canbe replaced with an LL' image having
one-fourth area and information to restore the L'
image. The image compression method using this
wavelet-based method has been applied to a compression
method called JPEG2000. Spatial redundancies between
frames may be eliminated through wavelet-based trans
formation, which allows original image information to
be stored in the reduced form of the transformed
image, unlike DCT transformation, and thus, video
coding having spatial scalability is available by use
of the reduced image. However, the waveletbased 



transformation is merely by way of example. If spatial
scalability may not be achieved, the DCT method widely
used in moving picture compression such as MPEG-2 may
be used. [115] Frames temporally filtered become
transformation coefficients through spatial
transformation, which are then transmitted to the
quantization unit 30 and finally quantized. The
quantization unit 30 quantizes transformation
coefficients, real-number type coefficients, to then
change them to integer-type transformation
coefficients. That is, the amount of bits to represent
image data through the quantization may be reduced. In
the present exemplary embodiment, the quantization
process to the transformation coefficients is
performed through an embedded quantization method.
Quantization relative to transformation coefficients
is performed through the embedded quantization method,
and thus, the amount of information required for
quantization may be reduced and SNR scalability may be
obtained by the embedded quantization. The term
'embedded' is used to imply that the coded bit-stream
involves quantization. In other words, compressed data
are generated sequentially according to the highest
degree of visual importance or are taggedby visual
importance. Actually, quantization (or visual
importance) level can be enabled in a decoder or in a
transmission channel. If transmission bandwidth,
storage capacity, display resources are permitted, the
imagecan be stored without loss. If not, the image is
quantized as much as required by the most constrained
resource. Embedded quantization algorithms currently
known comprise EZW, SPIHT, EZBC, EBCOT and so on. In
the present exemplary embodiment, any of the
algorithms known may be used. [116] The bit-stream
generation unit 40 generates a bit-stream including
information on a coded image and information (bits
generated by coding motion vectors) on motion vectors
obtained in the motion estimation unit 12 and attaches
a header thereto. In formation allowed to be included
in the bit-stream would be the number of frames coded
within a GOP (or coded temporal level) and so on. This
is because the decoder side should know how many
frames constitutes several GOPs since the encoder side
has the temporal scalability. [117] When the
wavelet-based transformation is used to eliminate
spatial redundancies, the original form of an image
remains in the originally transformed frame. Ac
cordingly, the wavelet-based transformation method may
perform temporal trans formation after passing through
spatial transformation, quantize the frames and then
generate a bit-stream, unlike the DCT-based moving
picture coding method. 



[118] Another exemplary embodiment will be described
with reference to FIG. 13. [119] FIG. is a functional
block diagram illustrating a construction of a
scalable video encoder according to an other exemplary
embodiment of the present invention . [120] The
scalable video encoder according to the exemplary
embodiment of the present invention illustrated in
FIG. comprises a spatial transformation unit 60
eliminating spatial redundancies between plural frames
constituting a video sequence, a temporal
transformation unit 70 eliminating temporal
redundancies, a quantization unit 80 quantizing
transformation coefficients obtained by eliminating
spatial and temporal re dundancies between frames, and
a bit-stream generation unit 90 generating a bitstream
in a combination of a coded image information and
other information. [121] Wth reference to the term
'transformation coefficients,' a method of performing
spatial transformation after temporal filtering in
moving picture compression has mainly been used
conventionally, this term has mainly referred to a
value generated by spatial transformation. That is,
the transformation coefficient has also been referred
to 'DCT coefficient when it was generated through DCT
transformation, or wavelet co efficient when it was
generated through wavelet transformation. In the
present invention, transformation coefficient is a
value generated by eliminating spatial and temporal
redundancies between frames, referring to a value
prior to quantization (embedded quantization). In the
exemplary embodiment illustrated in FIG. 12,
transformation coefficient indicates a coefficient
generated passing through spatial trans formation.
However, it should be noted that the transformation
coefficient in the exemplary embodiment illustrated in
FlG. may indicate a coefficient generated passing
through temporal transformation. [122] Spatial
transformation unit 60 eliminates spatial redundancies
between plural frames constituting a video sequence.
In this case, the spatial transformation unit employs
wavelet-based transformation so as to eliminate
spatial redundancies between frames. Frames whose
spatial redundancies are eliminated, that is, frames
spatially transformed are transmitted to the temporal
transformation unit 70. [123] The temporal
transformation unit 70 eliminates temporal
redundancies between spatially transformed frames for
which it comprises a motion estimation unit 72 and a
temporal filtering unit 74. In the present exemplary
embodiment, the temporal trans formation unit 70
operates in the same manner as in the exemplary
embodiment il lustrated in FlG. 12. Between the two
embodiments, a difference lies in that the input
frames have been spatially transformed in FlG. 13,
unlike the frames in FlG. 12. 



Another difference between them is that the temporal
transformation unit 70 first eliminates temporal
redundancies between frames spatially transformed and
thereafter generates transformation coefficients for
quantization. [124] The quantization unit 80 quantizes
transformation coefficients and generates quantized
image information (coded image information) and
provides the same to the bit-stream generation unit
40. Quantization serves to obtain SNR scalability
relative to a bit-stream to be finally generated
through embedded quantization, as in the exemplary
embodiment illustrated in FlG. 12. [125] The
bit-stream generation unit 90 generates a bit-stream
including information on coded images and information
on motion vectors and attaches a header thereto. At
this time, information (or coded temporal level) on
the number of frames coded within a GOP may be
included, as in the exemplary embodiment of FlG. 12.
[126] Meanwhile, the bit-stream generation unit 40 of
FlG. 12 and the bit-stream generation unit 90 of FlG.
13 may allow both information on the sequence of
eliminating (hereinafter referred to as 'redundancy
elimination sequence') temporal re dundancies and
spatial redundancies to be included in the bit-stream
so that a decoderside can know whether the video
sequence has been coded according to the embodiment of
either FIGS. 12 or 13. Several methods to include a
redundancy elimination sequence in the bit-stream may
be available for use. By selecting a method as a
reference, the other methods may be indicated in the
bit-stream separately. Forexample, if the method in
FlG. is a reference method, information on a
redundancy elimination sequence may not be indicated
in the bit-stream generated by the scalable video
encoder, but the redundancy elimination sequence may
be included in the bitstream generated by the scalable
video decoder of FlG. 13. Otherwise, information on
the redundancy elimination sequence may be indicated
in both cases of FIGS. 12 and 13. [127] A scalable
video encoder according to the exemplary embodiment of
FlG. 12 and a scalable video encoder having all the
functions of a scalable video encoder according to the
exemplary embodiment of FlG. can be realized and then
the bit-stream owing to more efficient coding may be
generated by coding video sequences according to the
methods of FIGS. and and then comparing them. In this
case, a redundancy elimination sequence should be
included in the bit-stream. The redundancy elimination
sequence may be determined on a sequence basis or on a
GOP basis. In the former case, the redundancy
elimination sequence should be included in the video
sequence 



header, whereas the redundancy elimination sequence
should be included in the GOP header in the latter
case. [128] The exemplary embodiments of FIGS. and may
be realized by means of hardware, but they may also be
realized by use of software modules and any device
having computing capability to perform them. [129]
FlG. 14 is a functional block diagram illustrating a
construction of a scalable video decoder according to
an exemplary embodiment of the present invention .
[130] A scalable video decoder comprises a bit-stream
interpretation unit 100 in terpreting a bit-stream
input so as to extract each component included in the
bit-stream, a first decoding unit 200 restoring coded
images according to the embodiment of FlG. 12 and a
second decoding unit 300 restoring coded images
according to the embodiment of FlG. 13. [ The first
and the second decoding units may be realized by means
of hardware or software modules. When they are
realized in hardware or software modules, they may be
realized separately as in FlG. 5 or in an integrated
manner. When they are realized in an integrated
manner, the first and the second decoding units employ
inverseredundancy elimination sequences in inverse to
the redundancy elimination sequence obtained in the
bit-stream interpretation unit 100. [132] On the other
hand, the scalable video decoder can restore all the
images coded according to different redundancy
sequences as in FlG. 14. It may also restore only the
images coded according to any one of a plurality of
redundancy elimination sequences.When the redundancy
elimination sequence is applied to the first decoding
unit 200, the video sequence is restored through the
first decoding unit 200, but it is restored through
the second decoding unit 300 when the redundancy
elimination sequence is applied to the second decoding
unit 300. Also the bit-stream interpretation unit 100
can know the constrained temporal level sequence as
the sequence of temporally filtering frames when there
are temporal redundancies by interpreting the
bit-stream. In the present exemplary embodiment, the
constrained temporal level sequence can be known
through a value of delay time control parameter to
determine a coding mode. With respect to a process of
restoring a video sequence from the coded image
information, redundancy elimination by the first
decoding unit 200 will be first described and
redundancy elimination by the second decoding unit 300
will then be described. [133] Information on coded
frames input into the first decoding unit 200 is
inversequantized and changed to transformation
coefficients by the inverse-quantization unit 



210. The transformation coefficients are
inverse-spatially transformed by the inversespatial
transformation unit 220. Inverse-spatial
transformation is involved in spatial transformation
of coded frames. When the wavelet transformation is
used in the spatial transformation manner, the
inverse-spatial transformation performs
inverse-wavelet transformation. When the spatial
transformation is used in the DCT transformation
manner, inverse-DCT transformation is performed. The
transformation coefficients are changed to T frames
and frames temporally filtered through the
inverse-spatial transformation. For inverse-temporal
transformation, the inverse-temporal filtering unit
230 uses motion vectors obtained by interpreting the
bit-stream. [134] Information on coded frames input
into the second decoding unit 300 is inversequantized
and changed to transformation coefficients by the
inverse-quantization unit 310. The transformation
coefficients are inverse-temporally transformed by the
inverse-temporal transformation unit 320. The motions
vectors and the constrained temporal level sequence
for inverse-temporal transformation may be obtained
from in formation obtained by allowing the bit-stream
interpretation unit 100 to interpret. Coded image
information through inverse-temporal transformation is
changed to frames having passed through spatial
transformation. The frames in the state of having
passed through the spatial transformation are
inverse-spatially changed in the inversespatial
transformation unit 330 and restored to the frames
constituting the video sequence. The inverse-spatial
transformation used in the inverse-spatial
transformation unit 330 is inverse-wavelet
transformation. Industrial Applicability[135]
According to the exemplary embodiments of the present
invention, video coding whereby an encoder-side can
have temporal scalability is available. In addition,
all the frames of a GOP can be transmitted to a
decoder side when all of them have not been operated
but a part of them has been operated and the decoder
side can start to decode the partial frames
transmitted, thereby reducing the delay time. [136]
Those who have common knowledge in the art to which
the present invention pertains can understand that the
present invention can be carried out in other specific
manners without changing the technical ideas and/or
essential features thereof. Although the exemplary
embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in
the art will appreciate that various modifications,
additions and substitutions are possible, without
departing from the scope and spirit of the invention
as disclosed in the accompanying claims.Claims 



[1] A method for video coding the method comprising:
(a) receiving a plurality of frames constituting a
video sequence and sequentially eliminating a temporal
redundancy between the plurality of frames on a Group
Of Pictures (GOP) basis, starting from a frame at a
highest temporal level; and (b) generating a
bit-stream by quantizing transformation coefficients
obtained from the plurality of frames whose temporal
redundancy has been eliminated. [2] The method as
claimed in claim 1, wherein with respect to frames at
a same temporal level in step (a), the temporal
redundancy thereof is sequentially eliminated from a
frame having a lowest frame index to a frame having a
highest frame index. [3] The method as claimed in
claim 1, wherein, among the frames constituting a GOP,
the frame at the highest temporal level is a frame
having a lowest frame index in the GOP. [4] The method
as claimed in claim 1, wherein in step (a), the frame
at the highest temporal level is set to an A frame
when a temporal redundancy between frames constituting
a GOP is eliminated, the temporal redundancy between
the frames of the GOP other than the A frame at the
highest temporal level is eliminated in the sequence
from the highest temporal level to a lowest temporal
level, and is eliminated in the sequence from a lowest
frame index to a highest frame index when the frames
are at the same temporal level, where one or more
frames which can be referenced by each frame in the
course of eliminating the temporal redundancy have a
higher index than the frames at a higher temporal
level or the same temporal level. [5] The method as
claimed in claim 4, wherein a frame is added to the
frames referenced by each frame in the course of
eliminating the temporal redundancy. [6] The method as
claimed in claim 4, wherein one or more frames at the
higher temporal level belonging to a next GOP are
added to the frames referenced by each frame in the
course of eliminating the temporal redundancy. [7] The
method as claimed in claim 1, further comprising
eliminating spatial redundancy between the plurality
of frames, wherein the generated bit-stream further
comprises information on a sequence of spatial
redundancy elimination and temporal redundancy
elimination. [8] A video encoder comprising:a temporal
transformation unit receiving a plurality of frames
and eliminating a 



temporal redundancy of the frames in a sequence from a
highest temporal level to a lowest temporal level; a
quantization unit quantizing transformation
coefficients obtained after eliminating the temporal
redundancy between the frames; and a bit-stream
generation unit generating a bit-stream including the
quantized transformation coefficients. [9] The video
encoder as claimed in claim 8, wherein the temporal
transformation unit comprises a motion estimation unit
obtaining motion vectors from the received plurality
of frames; and a temporal filtering unit performing
temporal filtering relative to the received plurality
of frames on a Group Of Pictures (GOP) basis by use of
the motion vectors, the temporal filtering unit
performing the temporal filtering on the GOP basis in
the sequence from the highest to the lowest temporal
level or from a lowest frame index to a highest frame
index at a same temporal level, and by referencing
original frames of the frames having already been
temporally filtered. [10] The video encoder as claimed
in claim 9, wherein each of the plurality of frames is
referenced when eliminating a temporal redundancy
between the frames. [11] The video encoder as claimed
in claim 8, further comprising a spatial trans
formation unit eliminating a spatial redundancy
between the plurality of frames, wherein the
bit-stream generation unit combines information on the
sequence for eliminating temporal redundancy and a
sequence for eliminating spatial redundancy to obtain
the transformation coefficients and generate the
bit-stream. [12] A method for video decoding, the
method comprising: (a) extracting information
regarding encoded frames and a redundancy elimination
sequence by receiving and interpreting a bit-stream;
(b) obtaining transformation coefficients by
inverse-quantizing the information regarding the
encoded frames; and (c) restoring the encoded frames
through an inverse-spatial transformation and an
inverse-temporal transformation of the transformation
coefficients to the redundancy elimination sequence.
[13] The method as claimed in claim 12, wherein in
step (a), information on the number of encoded frames
per Group Of Pictures (GOP) is further extracted 



from the bit-stream.[14] A video decoder comprising :
a bit-stream interpretation unit interpreting a
received bit-stream to extract in formation regarding
encoded frames therefrom and a redundancy elimination
sequence; an inverse-quantization unit
inverse-quantizing the information regarding the
encoded frames to obtain transformation coefficients
therefrom; an inverse spatial transformation unit
performing an inverse-spatial trans formation process;
and an inverse temporal transformation unit performing
an inverse-temporal trans formation process, wherein
the encoded frames of the bit-stream are restored by
performing the inverse-spatial transformation process
and the inverse-temporal transformation process on the
transformation coefficients to the redundancy
elimination sequence of the encoded frames by
referencing the redundancy elimination sequence. [15]
A storage medium having recorded thereon a program
readable by a computer to execute a video coding
method, said method comprising: (a) receiving a
plurality of frames constituting a video sequence and
sequentially eliminating a temporal redundancy between
the plurality of frames on a Group Of Pictures (GOP)
basis, starting from a frame at a highest temporal
level; and (b) generating a bit-stream by quantizing
transformation coefficients obtained from the
plurality of frames whose temporal redundancy has been
eliminated. [16] The storage medium of claim 15,
wherein with respect to frames at a same temporal
level in step (a), the temporal redundancy thereof is
sequentially eliminated from a frame having a lowest
frame index to a frame having a highest frame index.
[17] The storage medium of claim 15, wherein, among
the frames constituting a GOP, the frame at the
highest temporal level is a frame having a lowest
frame index in the GOP. [18] The storage medium of
claim 15, wherein in step (a), the frame at the
highest temporal level is set to an A frame when a
temporal redundancy between frames constituting a GOP
is eliminated, the temporal redundancy between the
frames of the GOP other than the A frame at the
highest temporal level is eliminated in 



the sequence from the highest temporal level to a
lowest temporal level, and is eliminated in the
sequence from a lowest frame index to a highest frame
indexwhen the frames are at the same temporal level,
where one or more frames which can be referenced by
each frame in the course of eliminating the temporal
redundancy have a higher index than the frames at a
higher temporal level or the same temporal level. [19]
The storage mediumof claim 18, wherein a frame is
added to the frames referenced by each frame in the
course of eliminating the temporal redundancy. [20]
The storage mediumof claim 18, wherein one or more
frames at the higher temporal level belonging to a
next GOP are added to the frames referenced by each
frame in the course of eliminating the temporal
redundancy. [21] The storage mediumof claim 18, said
method further comprising eliminating spatial
redundancy between the plurality of frames, wherein
the generated bitstream further comprises information
on a sequence of spatial redundancy elimination and
temporal redundancy elimination. [22] A storage medium
having recorded thereon a program readable by a
computer to execute a video decoding method, said
method comprising: (a) extracting information
regarding encoded frames and a redundancy elimination
sequence by receiving and interpreting a bit-stream;
(b) obtaining transformation coefficients by
inverse-quantizing the information regarding the
encoded frames; and (c) restoring the encoded frames
through an inverse-spatial transformation and an
inverse-temporal transformation of the transformation
coefficients to the redundancy elimination sequence.
[23] The storage mediumof claim 22, wherein in step
(a), information on the number of encoded frames per
Group Of Pictures (GOP) is further extracted from the
bitstream. 


