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unit in the current decoding frame into two oblong 5704
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Decoding the current prediction unit according to the 5706
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unit in a current coding tree unit in the current encoding
frame into a plurality of sub-blocks according to a S804
sub-block partition mode, where the size of the current
prediction unit is set according to a prediction unit
partition mode
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METHOD FOR ENCODING/DECODING
VIDEO BY OBLONG INTRA PREDICTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefits of U.S.
provisional application Ser. No. 61/921,091, filed on Dec. 27,
2013. The entirety of the above-mentioned patent application
is hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention generally relates to a method for
video processing, in particular, to a method for encoding and
decoding video by oblong intra prediction.

[0004] 2. Description of Related Art

[0005] The development of digital multimedia technology
has provided high quality video streaming. Given limited
storage capacity and network bandwidth for image data trans-
mission and reception, video compression technology thus
plays an important and indispensable role. High Efficiency
Video Coding (HEVC/H.265) is one of the existing video
compression standards and was jointly developed by Video
Coding Expert Group (VCEG) and Moving Picture Experts
Group (MPEG). Compared with Advanced Video Coding
(AVC/H.264), HEVC/H.265 not only provides higher com-
pression ratio and video quality, but also supports ultra high
definition (UHD) image resolution.

[0006] The H.265/HEVC video encoding mechanism is to
first partition an encoding frame into a plurality of equally-
sized square coding tree units (CTU), where the size of each
of the coding tree units may be 64x64, 32x32, or 16x16 (in
pixel). Next, each of the coding tree units may be partitioned
into one or more coding units (CU) in a quadiree representa-
tion, where each of the coding units is a square having a same
size as or a smaller size than one coding tree unit. The size of
each of the coding units may be 64x64,32x32, 16x16, or 8x8,
and may be represented as 2Nx2N. Each pixel within a same
coding unit is encoded by employing a same encoding mode,
and each of the coding units is further partitioned into one,
two, or four prediction units (PU) according to the corre-
sponding encoding mode. The partition technique involves an
intra prediction mode, an inter prediction mode, and an intra
block copy mode, where each pixel within the same predic-
tion unit is encoded by employing a same prediction mode.
[0007] The prediction approach used in the intra prediction
mode is to reconstruct neighboring image samples for a next
prediction, and it supports a 2Nx2N and an NxN partition.
The prediction approach used in the inter prediction mode
uses motion compensation for a next prediction, and it sup-
ports asymmetric partition mode (e.g. 2Nx2N, Nx2N, 2NxN,
and NxN) as well as an asymmetric partition mode (e.g.
2NxnU, 2NxnD, n[Lx2N, and nRx2N), where nU, nD, nL,
and nR respectively belong to shorter sides of different blocks
after the partition. The intra block copy mode is an exception
of the intra prediction mode, where a neighboring block is
copied to sub-blocks in a current coding unit to reduce data
transmission. Such mode only supports a 2Nx2N partition.
[0008] A matching reference block for each of the predic-
tion units in a coding unit would be searched from a reference
frame, and a residual between each of the prediction units and
its reference block would be calculated for residual encoding.
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In terms of the residual encoding, each of the coding units
would be partitioned into one or more square transform units
(TU) in quadtree representation. Cross component prediction
(CCP), residual differential pulse coding modulation (RD-
PCM), discrete cosine transform (DCT), and quantization
would be performed on each of the transform units, and the
residual encoding is then completed. Lastly, each of the cod-
ing units would be reconstructed according to its encoding
mode.

[0009] Even though the H.265/HEVC video compression
standard provides high compression ratio, only a square pre-
diction unit is allowed for intra prediction and intra block
copy. Itis not simple to search out a matching reference block
and thereby adversely affect video encoding efficiency.

SUMMARY OF THE INVENTION

[0010] Accordingly, the invention is directed to a video
encoding method and a video decoding method which effec-
tively enhance the efficiency for video encoding.

[0011] The invention is directed to a video encoding
method, adapted to a video encoder, includes the following
steps: receiving a current encoding frame among a sequence
of input frames; partitioning a current coding unit in a current
coding tree unit in the current encoding frame into two oblong
prediction units according to a prediction unit partition mode,
where each of the prediction units respectively corresponds to
areference frame among the sequence of input frames, where
at least one of the reference frames is the current encoding
frame, where the prediction units include a current prediction
unit, and where the size of the current coding unit is 2Nx2N;
searching for an optimal reference block corresponding to the
current prediction unit within a search range in the reference
frame corresponding to the current prediction unit, and
obtaining an optimal block vector between the current pre-
diction unit and the optimal reference block, where the opti-
mal block vector is a relative position between the current
prediction unit and the optimal reference block; and encoding
the current prediction unit according to the prediction unit
partition mode and information associated with the optimal
block vector.

[0012] The invention is directed to a video decoding
method, adapted to a video decoder, includes the following
steps: receiving a current decoding frame among a sequence
of encoded frames, a prediction unit partition mode, and
information associated with an optimal block vector; parti-
tioning a current coding unit in a current coding tree unit in
the current decoding frame into two oblong prediction units
according to the prediction unit partition mode, where each of
the prediction units respectively corresponds to a reference
frame among the sequence of reconstruction frames, where at
least one of the reference frames is the current decoding
frame, where the prediction units includes a current predic-
tion unit, and where the size of the current coding unit is
2Nx2N; and decoding the current prediction unit according to
the information associated with the optimal block vector,
where the optimal block vector is a relative position between
the current prediction unit and the optimal reference block.
[0013] According to an embodiment of the invention, the
prediction unit partition mode is a horizontal partition, and
the size of each of the prediction units is 2NxN.

[0014] According to an embodiment of the invention, the
prediction unit partition mode is a horizontal partition, and
the size of each of the prediction units is respectively 2NxM
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and 2Nx(2N-M), where M is an exponent of 2, and where M
is1,2,4,...,0r2N, and M=N.

[0015] According to an embodiment of the invention, the
prediction unit partition mode is a vertical partition, and the
size of each of the prediction units is Nx2N.

[0016] According to an embodiment of the invention, the
prediction unit partition mode is a vertical partition, and the
size of each of the prediction units is respectively Mx2N and
(2N-M)x2N, where M is an exponent of 2, and where M is 1,
2,4,...,0r 2N, and M=N.

[0017] The invention is directed to another video encoding
method, adapted to a video encoder, includes the following
steps: receiving a current encoding frame among a sequence
of input frames; partitioning a current prediction unit in a
current coding unit in a current coding tree unit in the current
encoding frame into a plurality of sub-blocks according to a
sub-block partition mode, where the sub-blocks includes a
current sub-block, where each of the sub-blocks respectively
corresponds to a reference frame among the sequence of input
frames, where at least one of the reference frames is the
current encoding frame, and where the size of the current
prediction unit is set to one of 2Nx2N, 2NxN, 2NxM, 2Nx
(2N-M), Nx2N, Mx2N, or (2N-M)x2N according to a pre-
diction unit partition mode, where M is an exponent of 2, M
is1,2,4, ..., or 2N, and M=N; searching for an optimal
reference sub-block of the current sub-block within a search
range in the reference frame corresponding to the current
sub-block, and obtaining an optimal sub-block vector
between the current sub-block and the optimal reference sub-
block, where the optimal block vector is a relative position
between the current sub-block and the optimal reference
block; and encoding the current sub-block according to the
prediction unit partition mode, the sub-block partition mode,
and information associated with the optimal sub-block vector.
[0018] The invention is directed to a video decoding
method, adapted to a video decoder, includes the following
steps: receiving a current decoding frame among a sequence
of encoded frames, a prediction unit partition mode, a sub-
block partition mode, and information associated with an
optimal sub-block vector; partitioning a current prediction
unit in a current coding unit in a current coding tree unit in the
current decoding frame into a plurality of sub-blocks accord-
ing to the sub-block partition mode, where each of the sub-
block respectively corresponds to a reference frame among
the sequence of reconstruction frames, where the size of the
current prediction unit is set to one of 2Nx2N, 2NxN, 2NxM,
2Nx(2N-M), Nx2N, Mx2N;, or (2N-M)x2N according to the
prediction unit partition mode, where M is an exponent of 2,
and whereMis 1,2,4,...,o0r2N, and M=N; and decoding the
current sub-block according to the information associated
with the optimal sub-block vector, where the optimal sub-
block vector is a relative position between the current sub-
block and the optimal reference sub-block.

[0019] According to an embodiment of the invention, the
sub-block partition mode is a horizontal partition, and the
width of each of the sub-blocks is equal to that of the current
prediction unit. When one of the width or the height of the
sub-blocks is equal to 1, the reference frame corresponding to
the current prediction unit is the current encoding frame.
When the height of each of the sub-blocks is 1, the size of each
ofthe sub-blocks is one of the followings: when the size of the
current prediction unit is 2Nx2N, 2NxN, 2NxM, or 2Nx(2N-
M), the size of each of the sub-blocks is 2Nx1; when the size
of the current prediction unit is Nx2N, the size of each of the
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sub-blocks is Nx1; when the size of the current prediction unit
18 Mx2N, the size of each of the sub-blocks is Mx1; and when
the size of the current prediction unit is (2N-M)x2N, the size
of each of the sub-blocks is (2N-M)x1. When the height of
each of the sub-blocks is L, the size of each of the sub-blocks
is one of the followings: when the size of the current predic-
tion unitis 2Nx2N, the size of each ofthe sub-blocks 1s 2NxL,
where 1<L<2N; when the size of the current prediction unit is
2NxN, the size of each of the sub-blocks is 2NxL, where
1<L=N; when the size of the current prediction unit is 2NxM,
the size of each of the sub-blocks is 2NxL, where 1<L<M;
when the size of the current prediction unit is 2Nx(2N-M),
the size of each of the sub-blocks is 2NxL, where 1<L<2N-
M; when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is NxL, where 1<L.<2N; when
the size of the current prediction unit is Mx2N, the size of
each of the sub-blocks is MxL, where 1<.<2N; and when the
size of the current prediction unit is (2N-M)x2N, the size of
each ofthe sub-blocks is (2N-M)xL, where 1<[.<2N. Inthese
cases, L is an exponent of 2.

[0020] According to an embodiment of the invention, the
sub-block partition mode is a vertical partition, and the height
of each of the sub-blocks is equal to that of the current pre-
diction unit. When one of the width or the height of the
sub-blocks is equal to 1, the reference frame corresponding to
the current prediction unit is the current encoding frame.
When the width of each of the sub-blocks is 1, the size of each
of the sub-blocks is one of the followings: when the size of the
current prediction unitis 2Nx2N, Nx2N, Mx2N, or (2N-M)x
2N, the size of each of the sub-blocks is 1x2N; when the size
of the current prediction unit is 2NxN, the size of each of the
sub-blocks is 1 xN; when the size of the current prediction unit
is 2NxM, the size of each of the sub-blocks is 1xM; and when
the size of the current prediction unit is 2Nx(2N-M), the size
of each of the sub-blocks is 1x(2N-M). When the width of
each of the sub-blocks is L, the size of each of the sub-blocks
is one of the followings: when the size of the current predic-
tion unitis 2Nx2N, the size of each of the sub-blocks is Lx2N,
where 1<L, 2N; when the size of the current prediction unit is
2NxN, the size of each of the sub-blocks is LxN, where
1<L<2N; when the size of the current prediction unit is
2NxM, the size of each of the sub-blocks is LxM, where
1<L<2N; when the size of the current prediction unit is 2Nx
(2N-M), the size of each of the sub-blocks is Lx(2N-M),
where 1<L<2N; when the size of the current prediction unit is
Nx2N, the size of each of the sub-blocks is Lx2N, where
1<LL=N; when the size of the current prediction unit is Mx2N,
the size of each of the sub-blocks is Lx2N, where 1<L and
when the size of the current prediction unit is (2N-M)x2N,
the size of each of the sub-blocks is Lx2N, where 1<L.=(2N-
M). In these cases, L is an exponent of 2.

[0021] In summary, the video encoding method and the
video decoding method proposed in the invention may adap-
tively partition a coding unit into two oblong prediction units,
and may further partition a prediction unit into a plurality of
sub-blocks so as to thereby improve the accuracy for search-
ing out a matching reference block of a prediction unit or a
sub-block from a reference frame and enhance video encod-
ing efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
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drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0023] FIG.1 illustrates a block diagram of a system archi-
tecture which utilizes a proposed video encoding method
according to an embodiment of the invention.

[0024] FIG. 2 illustrates a flowchart of a video encoding
method according to an embodiment of the invention.
[0025] FIG.3A-FIG.3D illustrate multiple examples of the
prediction unit partition mode according to an embodiment of
the invention.

[0026] FIG. 4A-FIG. 4C illustrate multiple examples of
searching approaches according to embodiments of the
invention.

[0027] FIG. 5A-FIG. 5C2 illustrate three examples of the
block vector prediction in inter prediction according to an
embodiment of the invention.

[0028] FIG. 6A-FIG. 6F illustrate three examples of the
block vector prediction in intra prediction according to an
embodiment of the invention.

[0029] FIG. 7 illustrates a flowchart of a video decoding
method according to an embodiment of the invention.
[0030] FIG. 8 illustrates a flowchart of a video encoding
method according to an embodiment of the invention.
[0031] FIG. 9A-FIG. 9C illustrate multiple examples of
prediction unit partition modes according to an embodiment
of the invention.

[0032] FIG. 10 illustrates a flowchart of a video decoding
method according to an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0033] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts. Specific
structural and functional detail disclosed herein are not to be
interpreted as limiting, but merely as a representative basis for
teaching one skilled in the art to variously employ the present
invention.

[0034] FIG. 1illustrates a block diagram of a system archi-
tecture which utilizes a proposed video encoding method
according to anembodiment of the invention. However, this is
merely as a representative basis, and should not to be inter-
preted as limiting the invention.

[0035] Referring to FIG. 1, a system 100 illustrated in FIG.
1 includes a video transmitting platform 100A and a video
receiving platform 100B. The video transmitting platform
100A includes a video source 101 which is an apparatus for
providing video streams or motion pictures. The video source
101 would output raw data of the video streams or the motion
pictures to a video encoder 110, and the video encoder 110
would output encoded videos to an encoding buffer 103. The
video transmitting platform 100A would then output the
encoded videos to the video receiving platform 100B via a
network 150 by going through a connection such as Wi-Fi,
2G, 3G, 4G, ADSL, and optical fibre services. The video
receiving platform 100B includes a video decoder 120 which
decodes the encoded videos received from the video trans-
mitting platform 100A and then transfers the decoded video
10 a video player 105 for video playing.

[0036] The video encoder 110 includes a receiving circuit
112, a partition circuit 114, a search circuit 116, and an
encoding circuit 118, where the partition circuit 114 is
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coupled to the receiving circuit 112, the searching circuit 116
is coupled to the partition circuit 114, and the encoding circuit
118 is coupled to the search circuit 116. The video decoder
120 includes a receiving circuit 122, a partition circuit 124,
and a decoding circuit 128, where the partition circuit 124 is
coupled to the receiving circuit 122, the encoding circuit 128
is coupled to the partition circuit 124. Each circuit in the video
encoder 110 and video decoder 120 may be implemented as
one or more integrated circuits, where each of the integrated
circuits may include a plurality of logic gates. It should be
noted that, the video encoder 110 and the video decoder 120
are implemented at different device platforms in the present
embodiment. However, in other embodiments, they may be
implemented at a same device platform. The detailed func-
tionality of each circuit in the video encoder 110 and the video
decoder 120 would be disclosed along with the flows of the
proposed video encoding method in FIG. 2 and the proposed
video decoding method in FIG. 7.

First Embodiment

[0037] FIG. 2 illustrates a flowchart of a video encoding
method according to an embodiment of the invention.
Detailed steps of the proposed method in FIG. 2 would be
implemented by the components of the video encoder 110 in
FIG. 1.

[0038] Referring to both FIG. 1 and FIG. 2, the receiving
circuit 112 of the video encoder 110 receives a current encod-
ing frame among a sequence of input frames (Step S202).
That is, after the receiving circuit 122 receives the sequence
of input frames from the video source 101, the other circuits
in the video encoder 110 would start performing an encoding
process on the sequence of input frames. For simplicity pur-
poses, only one of the input frames (referred to as a “current
encoding frame” hereafter) would be illustrated.

[0039] In the H.265/HEVC video encoding mechanism,
the current encoding frame includes a plurality of coding tree
units, where the size of each of the coding trees may be
64x64, 32x32, or 16x16 (in pixel). Each of the coding tree
units further includes one or more coding units, where each of
the coding units is a square having a same size as or a smaller
size than one coding tree unit. The size of each of the coding
units may be 64x64, 32x32, 16x16, or 8x8, and may be
represented as 2Nx2N. In the present embodiment, the parti-
tion circuit 102 may further partition each of the coding units.
For simplicity purposes, only one of the coding units (referred
to as a “current coding unit” hereafter) would be illustrated.
[0040] To be specific, the partition circuit 114 partitions a
current coding unit in a current coding tree unit in the current
encoding frame into two oblong prediction units according to
a prediction unit partition mode (Step S204), where each
pixel within a same prediction unit is encoded by employing
a same prediction mode. In an embodiment, the partition
circuit 114 may select a suitable prediction unit partition
mode based on partition efficiency and properties of the
encoder 110. In another embodiment, the partition circuit 114
may select different prediction unit partition modes either
sequentially or randomly, or based on other algorithms.
Moreover, the partition circuit 114 may also set the prediction
unit partition mode based on a user input. The invention is not
limited herein.

[0041] It should be noted that, only 2Nx2N and NxN par-
tition modes are supported in an intra prediction mode (in-
cluding an intra-block copy mode) in the conventional
mechanism. In other words, in the intra prediction mode, a
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coding unit may only be partitioned into one or multiple
prediction units in squares. However, the partition circuit 114
in the present embodiment may partition the current coding
unit into two oblong prediction units according to the predic-
tion unit partition mode, where at least one of the prediction
units may be encoded by intra prediction. In other words, at
least one of reference frames of the two prediction units in the
current coding unit may be the current encoding frame.
[0042] Yetin other embodiments, the conventional mecha-
nism may also be supported, where all of the prediction units
may be encoded by intra prediction. In other words, the par-
tition circuit 114 would not partition the coding units (i.e. the
size of a prediction unit, is equal to that of a coding unit,
2Nx2N) or would partition each of the coding units into four
prediction units having a size of NxN. The invention is not
limited herein.

[0043] FIG. 3A-FIG. 3D illustrate multiple examples of
prediction unit partition modes according to an embodiment
of the invention. In the present embodiment, the prediction
unit partition mode of the partition circuit 114 may be cat-
egorized into a horizontal partition or a vertical partition for
partitioning the current coding unit into two oblong predic-
tion units.

[0044] In the example illustrated in FIG. 3A, a current
coding unit 301 is horizontally partitioned by the partition
circuit 114 into two equally-sized prediction units 301« and
3015 of a size 2NxN. In the example illustrated in FIG. 3B, a
current coding unit 302 is horizontally partitioned by the
partition circuit 102 into a prediction unit 302a with a size of
2NxM and a prediction unit 3025 with a size of 2Nx(2N-M).
In the example illustrated in FIG. 3C, a current coding unit
303 is vertically partitioned by the partition circuit 114 into
wo equally-sized prediction units 303a and 3035 of a size
Nx2N. In the example illustrated in FIG. 3D, a current coding
unit 304 is vertically partitioned by the partition circuit 114
into a prediction unit 304a with a size of Mx2N and a predic-
tion unit 3045 with a size of (2N-M)x2N. In these examples,
M is an exponentof 2 such as 1, 2,4, .. ., or 2N, and M=N.
[0045] Since the technique for processing the two predic-
tion units in the current coding unit is the same, only one of
the prediction units (referred to as a “current prediction unit”
hereafter) would be illustrated.

[0046] Revisiting FIG. 2, the search circuit 116 searches for
an optimal reference block corresponding to the current pre-
diction unit within a search range in the reference frame
corresponding to the current prediction unit, and obtains an
optimal block vector between the current prediction unit and
the optimal reference block (Step S206). To be specific, the
reference frame corresponding to the current prediction unit
may be the current encoding frame in the intra prediction
mode or any reconstructed frame in the inter prediction mode.
It should be noted that, as mentioned previously, since at least
one of the prediction units would be encoded by intra predic-
tionin the present embodiment, the reference frame of at least
one of the two prediction units in the current coding unit is the
current encoding frame. Moreover, in an embodiment, when
the width or the height of the current prediction unit is 1, its
corresponding reference frame may be set as the current
encoding frame.

[0047] In the present embodiment, assume that the refer-
ence frame of the current reference block is the current encod-
ing frame. The search range of the optimal reference block
may be one of the followings, and yet the invention is not
limited herein. In an example, the search range may be an
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encoded region in the reference frame, while in another
example, the search range may be the entire reference frame.
[0048] In some cases, the search range may be more
restricted. In one of the examples, the search range may be a
portion within the reference frame, where such portion
excludes the current coding unit and unencoded regions. For
instance, the search range may be the current coding tree unit
in the current coding unit and n coding trees extended along a
first direction (e.g. left) of the current coding unit, where n is
an integer and n=0. In another example, the search range may
also be a portion within the reference frame, where such
portion includes encoded regions, the current coding unit, and
unencoded regions. In another example, the search range may
be a neighboring range of a point pointed by a block vector
predictor (BVp) in the reference frame.

[0049] The search circuit 116 may determine a candidate
reference block with a best match (i.e. the aforesaid optimal
reference block) to the current prediction unit. The search
technique employed by the search circuit 116 may be catego-
rized into a non-perfect match approach and a perfect match
approach.

[0050] The non-perfect match approach allows distortions
between the pixels in the current prediction unit and the pixels
of its candidate reference blocks. The search circuit 116 may
calculate a cost between the current prediction unit and each
of the reference blocks within the search range, where each of
the costs is a distortion associated with luminance and
chroma between the current prediction unit and each of the
candidate reference blocks in conjunction with a bit rate for
encoding a block vector (a relative position) between the
current prediction unit and each of the candidate reference
blocks. The calculation on the aforesaid distortions may be
based on losses in luma and chroma, where the distortions
may be determined by sum of absolute difference (SAD),
mean absolute difference (MAD), and mean absolute differ-
ence (MAD), and yet the invention is not limited thereto.
[0051] A perfect match indicates that the pixel values of the
current prediction unit and those of its candidate reference
blocks are the same. That is, the distortions in luminance and
chroma are both 0. The search circuit 116 may calculate the
cost between the current prediction unit and each of the can-
didate reference blocks within the search range, where the
cost may be the bit rate for encoding the corresponding block
vector between the current prediction unit and each of the
candidate reference blocks.

[0052] As for a non-perfect search, the searching circuit
116 may calculate a first cost of each of the candidate refer-
ence blocks (i.e. the sum of the distortion in luminance and
the bit rate for encoding the corresponding block vector), and
may set the candidate reference blocks with the m lowest first
costs as “possible optimal reference blocks”, where m is a
positive integer and may be 1, 2,3, . .., 8, empirically. Next,
the search circuit 103 may further calculate a second cost of
each of the possible optimal reference blocks (i.e. the sum of
the distortion in chroma and the corresponding first cost). The
search circuit 116 may set the possible optimal reference
block with the minimum second cost as the “optimal refer-
ence block”. The block vector between the current prediction
unit and the optimal reference block may be referred to as an
“optimal block vector”.

[0053] The search circuit 116 may search for the optimal
reference block in the search range in various search
approaches as illustrated in FIG. 4A-FIG. 4C according to an
embodiment of the invention.
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[0054] Inanembodiment, the search circuit 116 may search
for the optimal candidate reference block of the current pre-
diction unit by a one-dimensional search; that is, in a hori-
zontal direction, a vertical direction, or a horizontal and a
vertical direction. As illustrated in FIG. 4A, the search circuit
116 may perform searching along the horizontal direction of
a current prediction unit 401al of a current coding unit 401
within a search range SR1. Assume that a block 40142 is the
optimal reference block, and then a block vector BV1 would
be the optimal block vector. As illustrated in FIG. 4B, the
search circuit 116 may perform searching along the vertical
direction of a current prediction unit 402a1 of a current cod-
ing unit 402 within a search range SR2. Assume that a block
40242 is the optimal reference block, and then a block vector
BV?2 would be the optimal block vector. Moreover, in another
embodiment, the search circuit 116 may perform searching
along the horizontal direction in conjunction with the vertical
direction, and yet the invention is not limited herein.

[0055] Inanembodiment, the search circuit 116 may search
for the optimal candidate reference block of the current pre-
diction unit by a two-dimensional search. The search circuit
116 may search for the optimal reference block from each of
the candidate reference blocks within the search range. As
illustrated in FIG. 4C, the search circuit 116 may search for
the optimal reference block of a current prediction unit 40341
in a current coding unit 403 within a search range SR3.
Assume that a block 40342 is the optimal reference block, and
then a block vector BV3 would be the optimal block vector.
[0056] Revisiting FIG. 2, after the search circuit 116
searches out the optimal reference bock corresponding to the
current prediction unit and obtains the optimal block vector,
the encoding circuit 118 would encode the current prediction
unit according to the prediction unit partition mode and infor-
mation associated with the optimal block vector (Step S208).
The information of the optimal block vector may include a
block vector prediction and a block vector difference (BVD).
The technique for block vector prediction in the inter-predic-
tion mode and the intra-prediction mode would be illustrated
hereafter.

[0057] FIG.5A-FIG. 5C illustrate three examples of block
vector prediction in inter prediction according to an embodi-
ment of the invention.

[0058] In the example illustrated in FIG. SA, the size of a
current coding unit 501 and that of a current prediction unit
501¢ are the same. In other words, the current coding unit 500
is not partitioned by the partition circuit 114. In this example,
the encoding circuit 118 may select two block vectors as the
candidate block vector predictors in the following order.
[0059] First, the encoding circuit 118 may select a block
vector sequentially from a bottom-left block A, and a left
block A, with respect to a current prediction unit 501a. To be
specific, the encoding circuit 118 may first determine whether
the bottom-left block A, , corresponds to the inter prediction
mode and exists a block vector. If yes, the encoding circuit
118 may set the bottom-left block A, as one of the candidate
block vector predictors and skip the left block A, ;. If no, the
encoding circuit 118 may further determine whether the left
block A, corresponds to the inter prediction mode and exists
ablock vector and set the left block A | | as one ofthe candidate
block vector predictors if the determination is yes. Next,
similarly, the encoding circuit 118 may select a block vector
as one of the candidate block vector predictors sequentially
from a upper-right block B, ,, a upper block B, ;, and a upper-
left block B, , with respect to the current prediction unit 501a.
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It should be noted that, the size of each of the bottom-left
block A, the left block A, |, the upper-right block B, the
upper block B, and the upper-left block B, , may be 4x4.
[0060] Moreover, if there only exists one candidate block
vector predictor among the bottom-left block A, the left
block A, |, theupper-right block B, o, the upperblock B,,,and
the upper-left block B, ,, the encoding circuit 118 may set an
immediately preceding encoded block vector temporally cor-
responding to the inter prediction mode as one of the candi-
date block vector predictors. If there exists no candidate block
vector predictor among the aforesaid blocks, the encoding
circuit 118 may set two immediately preceding encoded
block vector temporally corresponding to the inter prediction
mode as the two candidate block vector predictors. After the
encoding circuit 118 obtains two candidate block vector pre-
dictors, it may set the candidate block vector predictor with a
lower bit rate for encoding the block vector difference as an
“optimal block vector predictor”, where each of the block
vector differences is a vector difference between each of the
candidate block vector predictors and the optimal block vec-
tor of the current prediction unit.

[0061] In the example illustrated in FIG. 5B1, a current
coding unit 502 includes two prediction units, where a current
prediction unit 5024 is the first prediction unit in the current
coding unit 502. In other words, when the partition circuit 114
partitions the current coding unit 502 vertically, the first pre-
diction unit would be a left-most prediction unit 502a. In the
example illustrated in FIG. 5B2, when the partition circuit
114 partitions a current coding unit 512 horizontally, the first
prediction unit would be an upper-most prediction unit 512a.
[0062] Referring to FIG. 5B1, in this example of a vertical
partition, the encoding circuit 118 may select two block vec-
tors as candidate blocks vector predictors in the following
order. First, the encoding circuit 118 may select ablock vector
sequentially from a bottom-left block A,, and a left block A,
with respect to a current prediction unit 5024 to be one of the
candidate block vector predictors. Next, the encoding circuit
118 may select a block vector sequentially from an upper-
right block B,,, an upper block B, and an upper-left block
B,, with respect to the current prediction unit 5024 to be one
of the candidate block vector predictors. If the encoding cir-
cuit 118 only obtains one or zero candidate block vector
predictors, it may set one or two immediately preceding
encoded block vectors temporally corresponding to the inter
prediction mode as the candidate block vector predictor(s).
After the encoding circuit 118 obtains two candidate block
vector predictors, it may set the candidate block vector pre-
dictor with a lower bit rate for encoding the block vector
difference as an optimal block vector predictor.

[0063] Now referring to FIG. 5B2, in this example of a
horizontal partition, the encoding circuit 118 may select a
block vector sequentially from a bottom-left block A,y and a
left block A, with respect to a current prediction unit 512a
to be one of the candidate block vector predictors. Next, the
encoding circuit 118 may select a block vector sequentially
from an upper-right block B,,,, an upper block B,,,, and an
upper-left block B,,, with respect to the current prediction
unit 512a to be one of the candidate block vector predictors.
If the encoding circuit 118 only obtains one or zero candidate
block vector predictors, it may set one or two immediately
preceding encoded block vectors temporally corresponding
to the inter prediction mode as the candidate block vector
predictor(s). After the encoding circuit 118 obtains two can-
didate block vector predictors, it may set the candidate block
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vector predictor with a lower bit rate for encoding the block
vector difference as the optimal block vector predictor.
[0064] In the examples of FIG. 5C1 and FIG. 5C2, both a
current coding unit 503 and a current coding unit 513 include
two prediction units, where each of a current prediction unit
5035 and a current prediction unit 5135 is a non-first predic-
tion unit in the current coding unit 503 and the current coding
unit 513 respectively.

[0065] Referring to FIG. 5C1, in this example of a vertical
partition, the encoding circuit 118 may select two block vec-
tors as the candidate block vector predictors in the following
order. First, the encoding circuit 118 may select a block vector
sequentially from a bottom-left block A, and a left block A5,
with respect to a current prediction unit 5035 in the current
coding unit 503 to be one of the candidate block vector
predictors. Next, the encoding circuit 118 may select a block
vector sequentially from an upper-right block B,,, an upper
block B;,, and an upper-left block B,, with respect to the
current prediction unit 5035 to be one of the candidate block
vector predictors. If the encoding circuit 118 only obtain one
or zero candidate block vector predictors, it may set one or
wo immediately preceding encoded block vectors tempo-
rally corresponding to the inter prediction mode as the can-
didate block vector predictor(s). After the encoding circuit
118 obtains two candidate block vector predictors, it may set
the candidate block vector predictor with a lower bit rate for
encoding the block vector difference as the optimal block
vector predictor.

[0066] Referring to FIG. 5C2, in this example of a horizon-
tal partition, the encoding circuit 118 may select two block
vectors as the candidate block vector predictors in the follow-
ing order. First, the encoding circuit 118 may select a block
vector sequentially from a bottom-left block A, and a left
block A, withrespect to a current predictionunit 5135 in the
current coding unit 513 to be one of the candidate block
vector predictors. Next, the encoding circuit 118 may select a
block vector sequentially from an upper block B;,, and an
upper-left block B,,, with respect to the current prediction
unit 5134 to be one of the candidate block vector predictors.
If the encoding circuit 118 only obtains one or zero candidate
block vector predictors, it may set one or two immediately
preceding encoded block vectors temporally corresponding
to the inter prediction mode as the candidate block vector
predictor(s). After the encoding circuit 118 obtains two can-
didate block vector predictors, it may set the candidate block
vector predictor with a lower bit rate for encoding the block
vector difference as the optimal block vector predictor.
[0067] FIG. 6A-FIG. 6F illustrate three examples of block
vector prediction in intra prediction according to an embodi-
ment of the invention.

[0068] For both the first prediction unit and the second
prediction unit in intra prediction, the encoding circuit 118
may select two candidate block vector predictors sequentially
from a bottom-left block, a upper-right block, or two imme-
diately preceding encoded block vectors and may set the
candidate block vector predictor with a lower bit rate for
encoding a block vector difference as the optimal block vec-
tor predictor. Hence, in the example of a current coding unit
601 having a same size as a current prediction unit 601a as
illustrated in FIG. 6A, the encoding circuit 118 may select a
block vector sequentially from a bottom-left block C, and a
upper-right block D, with respect to a current prediction unit
601a. To be specific, the encoding circuit 118 may first deter-
mine whether the bottom-left block C; corresponds to the
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intra prediction mode and exists a block vector. If yes, the
encoding circuit 118 may set the bottom-left block C, as one
of the candidate block vector predictors. Next, the encoding
circuit 118 may further determine whether the upper-right
block D, corresponds to the intra prediction mode and exists
a block vector. If yes, the encoding circuit 118 may set the
upper-right block D, as one of the candidate block vector
predictors. If the encoding circuit 118 only obtains one or
zero candidate block vector predictors, it may set one or two
immediately preceding encoded block vectors temporally
corresponding to the inter prediction mode as the candidate
block vector predictor(s). After the encoding circuit 118
obtains two candidate block vector predictors, it may set the
candidate block vector predictor with a lower bit rate for
encoding the block vector difference as the optimal block
vector predictor.

[0069] Similarly, in the example as illustrated in FIG. 6B,
theencoding circuit 118 may select two block vectors sequen-
tially from a bottom-left block C,, aupper-right block D, with
respect to a prediction unit 6025 in a current coding unit 602,
one or two immediately preceding encoded block vectors
temporally corresponding to the intra prediction mode for
determining the optimal block vector predictor. In the
example as illustrated in FIG. 6C, the encoding circuit 118
may select two block vectors sequentially from a bottom-left
block C,, a upper-right block D, with respect to a current
prediction unit coding unit 6035 in the current coding unit
603, one or two immediately preceding encoded block vec-
tors temporally corresponding to the intra prediction mode
for determining the optimal block vector predictor.

[0070] Inthe example as illustrated in FIG. 6D, the encod-
ing circuit 118 may select two block vectors sequentially
from a bottom-left block C,, a upper-right block D, with
respect to a current prediction unit 604« in the current coding
unit 604, one or two immediately preceding encoded block
vectors temporally corresponding to the intra prediction
mode for determining the optimal block vector predictor. In
the example as illustrated in FIG. 6F, the encoding circuit 118
may select two block vectors sequentially from a bottom-left
block Cs, a upper-right block D, with respect to a current
prediction unit coding unit 6054 in the current coding unit
605, one or two immediately preceding encoded block vec-
tors temporally corresponding to the intra prediction mode
for determining the optimal block vector predictor.

[0071] After the encoding circuit 118 obtains the optimal
block vector predictor of the current prediction unit and the
corresponding block vector difference, it may encode a flag to
indicate that which block vector is set as the optimal block
vector predictor. After the encoding circuit 118 obtains the
block vector difference corresponding to the optimal block
vector predictor, it may perform a variable length coding such
as Huffman coding or Arithmetic coding thereon.

[0072] Moreover, in an embodiment, not only may an
encoding process be performed on the current prediction unit
according to the prediction unit partition mode and the infor-
mation associated with the optimal block vector (i.e. the block
vector prediction and the block vector difference), but a
residual associated with the current prediction may also be
computed. To be specific, the video encoder 110 may further
include a calculation circuit (not shown). After the search
circuit 116 completes searching for the optimal reference
block, the calculation circuit may copy all pixel values in each
of the optimal reference blocks to a temporary block, where
the temporary block and the coding units have an equal size.
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Next, the encoding circuit 118 may calculate the residual
according to the pixel values in the temporary block and the
original pixel values in the coding units and may store the
residual in the temporary block. The encoding circuit 118
may partition the temporary block into one, four, or more
transform units. A calculation circuit (not shown) may per-
form cross component prediction (CCP), residual differential
pulse coding modulation (RDPCM), discrete cosine trans-
form (DCT), and quantization on each of the transform units.
In an embodiment, the calculation circuit may skip RDPCM
and DCT. Next, the encoding circuit 118 may encode the
quantized residual. However, it should be noted that, the
encoding circuit 118 may select not to encode the residual in
an embodiment.

[0073]  Also, the calculation circuit may copy all pixel val-
ues of the optimal reference block in each of the prediction
units in the current coding unit to a reconstructed block,
where the reconstructed block and the coding units have an
equal size. The calculation circuit may perform inverse quan-
tization, inverse DCT, inverse CCP on the quantized residual
to obtain a residual, sum the residual and the pixel values of
the reference block stored in the reconstructed block, and
thereby obtain and store the coding units in, for example, a
frame memory (not shown) for future encoding references.

[0074] In the present embodiment, after the video encoder
110 completes encoding, it may transmit the encoded video
and the related information to the video receiving platform
100B through the network 150, and the video decoder 120
may decode the encoded video according to the related infor-
mation.

[0075] FIG. 7 illustrates a flowchart of a video decoding
method according to an embodiment of the invention.
Detailed steps of the proposed method in FIG. 7 would be
implemented by the components of the video decoder 120 in
FIG. 1.

[0076] Referring to FIG. 7, the receiving circuit 122 of the
video decoder 120 receives a current decoding frame among
a sequence of encoded frames, a prediction unit partition
mode, and information associated with an optimal block vec-
tor (Step S702). The prediction unit partition mode and the
optimal block vector herein are the encoded information in
Step S208 of FIG. 2, where the detailed information may refer
to the previous paragraphs and would not be repeated here-
inafter.

[0077] Next, the partition circuit 124 partitions a current
coding unit in a current coding tree unit in the current decod-
ing frame into two oblong prediction units according to the
prediction unit partition mode (Step S704). The decoding
circuit 128 decodes the current prediction unit according to
the information associated with the optimal block vector
(Step S706). In other words, the partition circuit 124 may
partition the current coding unit according to the prediction
unit partition mode received from the video encoder 110, and
the decoding circuit 128 may reconstruct the block vector of
the current prediction unit according to the optimal block
vector predictor and its block vector difference received from
the video encoder 110 so as to decode the current prediction
unit. Moreover, if the receiving circuit 122 receives a residual
associated with the current prediction unit from the video
encoder 110, it may decode the residual after reconstructing
the block vector. In the present embodiment, all decoded
frames would be output from the video decoder 120 to the
player 105 for video playing.
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Second Embodiment

[0078] The second embodiment is similar to the first
embodiment, and only the differences therebetween would be
illustrated. The video encoding method employed in the first
embodiment is to partition each coding unit into two oblong
prediction units in the partition process, while the video
encoding method employed in the second embodiment is to
further partition each prediction unit into a plurality of sub-
blocks in the partition process.

[0079] FIG. 8 illustrates a flowchart of a video encoding
method according to an embodiment of the invention.
Detailed steps of the proposed method in FIG. 8 would be
implemented by the components of the video encoder 110 in
FIG. 1.

[0080] Referring to both FIG. 1 and FIG. 8, the receiving
circuit 112 of the video encoder 110 receives a current encod-
ing frame among a sequence of input frames (Step S802).
Next, the partition circuit 114 partitions a current prediction
unit in a current coding unit in a current coding tree unit in the
current encoding frame into a plurality of sub-blocks accord-
ing to a sub-block partition mode, where the size of the
current prediction unit is set based on a prediction unit parti-
tion mode (Step S804). To be specific, in the present embodi-
ment, after the partition circuit 102 partitions the current
coding unit, it may further partition each of the prediction
units therein. For simplicity purposes, only one of the predic-
tion units (referred to as a “current prediction unit” hereafter)
would be illustrated. The size of the current prediction unit
may be set to 2Nx2N, 2NxN, 2NxM, 2Nx(2N-M), Nx2N,
Mx2N, or 2N-M)x2N according to the prediction unit par-

tition mode, where M is an exponent of2, Mis 1,2,4, ..., or
2N, and M=N.
[0081] Inthe present embodiment, the sub-block unit par-

tition mode of the partition circuit 114 may also be catego-
rized into a horizontal partition or a vertical partition for
partitioning the current prediction unit into a plurality of
sub-blocks.

[0082] In an embodiment, when the sub-block partition
mode is a horizontal partition and the width of each of the
sub-blocks is equal to that of the current prediction unit, there
would be two cases. When the height of each of the sub-
blocks is 1 (i.e. a line-based partition is performed on the
current prediction unit), the size of each of the sub-blocks
would be one of the followings: when the size of the current
prediction unit is 2Nx2N, 2NxN, 2NxM, or 2Nx(2N-M), the
size of each of the sub-blocks is 2Nx1; when the size of the
current prediction unit is Nx2N, the size of each of the sub-
blocks is Nx1; when the size of the current prediction unit is
Mx2N, the size of each of the sub-blocks 1s Mx1; and when
the size of the current prediction unit is (2N-M)x2N, the size
of each of the sub-blocks is (2N-M)x 1.

[0083] On the other hand, when the height of each of the
sub-blocks is L, the size of each of the sub-blocks would be
one of the followings: when the size of the current prediction
unit is 2NxN, the size of each of the sub-blocks is 2NxL,
where 1<I. when the size of the current prediction unit is
2NxM, the size of each of the sub-blocks is 2NxL, where
1<L<M; when the size of the current prediction unit is 2Nx
(2N-M), the size of each of the sub-blocks is 2NxL, where
1<L<2N-M; when the size of the current prediction unit is
Nx2N, the size of each of the sub-blocks is NxL, where
1<L=<2N; when the size of the current prediction unit is
Mx2N, the size of each of the sub-blocks is MxL, where
1<LL=2N; and when the size of the current prediction unit is
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(2N-M)x2N, the size of each of the sub-blocks is (2N-M)xL,
where 1<[L=2N. In these cases, [.is an exponent of 2. It should
be noted that, when the value of LL is set to a value greater or
equal to a maximum value within its belonging range, the
partition circuit 114 would not partition the current prediction
unit.

[0084] In an embodiment, when the sub-block partition
mode is a vertical partition and the height of each of the
sub-blocks is equal to that of the current prediction unit, there
would be two cases. When the width of each of the sub-blocks
is 1 (i.e. a line-based partition is performed on the current
prediction unit), the size of each of the sub-blocks would be
one of the followings: when the size of the current prediction
unit is 2Nx2N, Nx2N, Mx2N, or (2N-M)x2N, the size of
each of the sub-blocks is 1x2N; when the size of the current
prediction unit is 2NxN, the size of each of the sub-blocks is
IxN; when the size of the current prediction unitis 2NxM, the
size of each of the sub-blocks is 1xM; and when the size of the
current prediction unit is 2Nx(2N-M), the size of each of the
sub-blocks is 1x(2N-M).

[0085] On the other hand, when the width of each of the
sub-blocksis L, the size of each of the sub-blocks is one of the
followings: when the size of the current prediction unit is
2Nx2N, the size of each of the sub-blocks is Lx2N, where 2N;
when the size of the current prediction unit is 2NxN, the size
of each of the sub-blocks is LxN, where 1<L<2N; when the
size of the current prediction unit is 2NxM, the size of each of
the sub-blocks is LxM, where 1<L=2N; when the size of the
current prediction unit is 2Nx(2N-M), the size of each of the
sub-blocks is Lx(2N-M), where 1<[.<2N; when the size of
the current prediction unit is Nx2N, the size of each of the
sub-blocks is Lx2N, where 1<L<N; when the size of the
current prediction unit is Mx2N, the size of each of the
sub-blocks is Lx2N, where 1<L<M; and when the size of the
current prediction unit is (2N-M)x2N, the size of each of the
sub-blocks is Lx2N, where 1<L=(2N-M). In these cases, L is
an exponent of 2. It should be noted that, similarly, when the
value of L is set to a value greater or equal to a maximum
value within its belonging range, the partition circuit 114
would not partition the current prediction unit.

[0086] FIG. 9A-FIG. 9D illustrate multiple examples of
prediction unit partition modes according to an embodiment
of the invention.

[0087] In the example illustrated in FIG. 9A, the size of a
current prediction unit 901 is 2Nx2N and is vertically parti-
tioned by the partition circuit 114 into a plurality of equally-
sized sub-blocks ofasize 1x2N (e.g. a sub-block 901a). Inthe
exampleillustrated in F1G. 9B, the size of'a current prediction
unit 902 is 2NxM and is vertically partitioned by the partition
circuit 114 into a plurality of equally-sized sub-blocks of a
size 1xM (e.g. a sub-block 9015). In the example illustrated in
FIG. 9C, the size of a current prediction unit 903 is 2N-M)x
2N and is vertically partitioned by the partition circuit 114
into a plurality of equally-sized sub-blocks of a size (2N-
M)xL (e.g. a sub-block 901¢).

[0088] Revisiting FIG. 8, since the techniques for process-
ing all the sub-blocks in the current prediction unit are the
same, only one of the sub-blocks (referred to as a “current
sub-block” hereafter) would be illustrated. The search circuit
116 searches for an optimal reference sub-block ofthe current
sub-block within a search range in the reference frame cor-
responding to the current sub-block, and obtains an optimal
sub-block vector between the current sub-block and the opti-
mal reference sub-block (Step S806). Similar to the first
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embodiment, the reference frame corresponding to the cur-
rent sub-block may be the current encoding frame based on
intra prediction or any reconstructed frame based on inter
prediction. In the present embodiment, the reference frame of
at least one of the sub-blocks in the current prediction unit is
the current encoding frame. Moreover, when the width or the
height of the current prediction unit is 1, its corresponding
reference frame may be set as the current encoding frame.

[0089] The way that the search circuit 116 searches for the
optimal reference sub-block of the current sub-block in the
reference frame corresponding to the current sub-block and
obtains the optimal sub-block vector is similar to the way that
the circuit 116 searches for the optimal reference block of the
prediction unit in the corresponding reference unit and
obtains the optimal block vector in Step S206.

[0090] First, the search circuit 116 may search for a plural-
ity of candidate reference sub-blocks within the search range
and calculate a cost between the current sub-block and each of
the candidate reference sub-blocks, where each of the costs is
a distortion associated with luminance and chroma between
the current sub-block and each of the candidate reference
sub-blocks in conjunction with a bit rate for encoding a block
vector between the current sub-block and each of the candi-
date reference sub-blocks. Next, the search circuit 116 may
set the candidate reference sub-block with a minimum cost
among the costs as the optimal reference sub-block. Detailed
steps for obtaining the search range and calculating the costs
may refer to the related description in the previous paragraphs
and would not be repeated herein.

[0091] Revisiting FIG. 8, after the search circuit 116
searches out the optimal reference sub-block corresponding
to the current sub-block and obtain the optimal sub-block
vector, the encoding circuit 118 encodes the current sub-
block according to the prediction unit partition mode, the
sub-block partition mode, and information associated with
the optimal sub-block vector (Step S808). The information of
the optimal block vector may also include a sub-block vector
prediction and a sub-block vector difference.

[0092] To be specific, when the current sub-block corre-
sponds to the inter prediction mode and is a first sub-block
within the current prediction unit (i.e. a left-most or a upper-
most sub-block), the encoding circuit 118 would respectively
set an optimal block vector predictor corresponding to the
prediction unit at which the current sub-block is located and
a block vector difference of the optimal block vector predic-
tion as “the optimal sub-block vector predictor” and “the
sub-block vector difference”. The way to obtain the optimal
block vector predictor of the prediction unit and its sub-block
vector difference may refer to the related description for FIG.
5A-FIG. 5C and would not be repeated herein.

[0093] When the current sub-block corresponds to the intra
prediction mode and 1s a first sub-block within the current
prediction unit (i.e. a left-most or an upper-most sub-block),
similar to FIG. 6A-FIG. 6C, the encoding circuit 118 may
select two candidate block vector predictors sequentially
from a block vector of a bottom-left block with respect to the
current prediction unit, a block vector of an upper-right block
with respect to the current prediction unit, and two immedi-
ately preceding encoded block vectors. The encoding circuit
118 may then obtain and respectively set the optimal block
vector predictor of the current prediction unit and the block
vector difference corresponding to the optimal block vector
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predictor as “the optimal sub-block vector” and the “sub-
block vector difference” corresponding to the current sub-
block.

[0094] Tt should be noted that, in the present embodiment,
when the current sub-block is not the first block in the current
prediction unit, the encoding circuit 118 may set the informa-
tion of the optimal sub-block vector corresponding to a pre-
viously encoded sub-block in the current prediction unit as
the information of the optimal sub-block vector in the current
sub-block. The way of doing so is due to a high possibility of
the similarity between the current sub-block and its previous
sub-block.

[0095] After the encoding circuit 118 obtains the optimal
sub-block vector predictor of the current sub-block and the
corresponding sub-block vector difference, it may encode a
flag to indicate that which sub-block vector is set as the
optimal sub-block vector predictor. After the encoding circuit
118 obtains the sub-block vector difference corresponding to
the optimal sub-block vector predictor, it may perform a
variable length coding such as Huffman coding or Arithmetic
coding thereon.

[0096] Furthermore, similar to the first embodiment, not
only may the encoding circuit 118 encode the current sub-
block according to the sub-block partition mode and the infor-
mation associated with the optimal sub-block vector, but the
calculation circuit may also compute a residual associated
with the current sub-block. To be specific, after the search
circuit 116 completes searching for the optimal reference
sub-block in each of the sub-blocks in each of the prediction
units in the current coding unit, the calculation circuit may
copy all pixel values in each of the optimal reference sub-
blocks to a temporary block, where the temporary block and
the coding units have an equal size. Next, the encoding circuit
118 may calculate the residual according to the pixel values in
the temporary block and the original pixel values in the cod-
ing units and may store the residual in the temporary block.
The encoding circuit 118 may partition the temporary block
into one, four, or more transformunits. The calculation circuit
may perform CCP, RDPCM, DCT, and quantization on each
of the transform units. In an embodiment, the calculation
circuit may skip RDPCM and DCT. Next, the encoding cir-
cuit 118 may encode the quantized residual. However, it
should be noted that, the encoding circuit 118 may select not
10 encode the residual in an embodiment.

[0097] Also, the calculation circuit may copy all pixel val-
ues of the optimal reference sub-block in each of the predic-
tion units in the current coding unit to a reconstructed block,
where the reconstructed block and the coding units have an
equal size. A calculation circuit (not shown) may perform
inverse quantization, inverse DCT, inverse CCP on the quan-
tized residual to obtain a residual, sum the residual and the
pixel values of the reference block stored in the reconstructed
block, and thereby obtain and store the coding units in, for
example, a frame memory (not shown) for future encoding
references.

[0098] In the present embodiment, after the video encoder
110 completes encoding, it may transmit the encoded video
and the related information to the video receiving platform
100B through the network 150, and the video decoder 120
may decode the encoded video according to the related infor-
mation.
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[0099] FIG. 10 illustrates a flowchart of a video decoding
method according to an embodiment of the invention.
Detailed steps of the proposed method in FIG. 10 would be
implemented by the components of the video decoder 120 in
FIG. 1.

[0100] Referring to FIG. 10, the receiving circuit 122 of the
video decoder 120 receives a current decoding frame among
a sequence of encoded frames, a prediction unit partition
mode, a sub-block partition mode, and information associ-
ated with an optimal sub-block vector (Step S1002). The
sub-block partition mode and the optimal sub-block vector
herein are the encoded information in Step S808 of FIG. 8,
where the detailed information may refer to the previous
paragraphs and would not be repeated hereinafter.

[0101] Next, the partition circuit 124 partitions a current
prediction unit in a current coding unit in a current coding tree
unit in the current decoding frame into a plurality of sub-
blocks according to the sub-block partition mode, where the
size of the current prediction unit is set according to the
prediction unit partition mode (Step S1004). The decoding
circuit 128 decodes the current sub-block according to the
information associated with the optimal sub-block vector
(Step S1006). In other words, the partition circuit 124 may
partition the current coding unit according to the prediction
unit partition mode and the sub-block partition mode received
from the video encoder 110, and the decoding circuit 128 may
reconstruct a block vector of the current sub-block according
to the optimal sub-block vector predictor and its sub-block
vector difference received from the video encoder 110 so asto
decode the current sub-block. Moreover, if the receiving cir-
cuit 122 receives a residual associated with the current sub-
block from the video encoder 110, it may decode the residual
after reconstructing the block vector. In the present embodi-
ment, all decoded frames would be output from the video
decoder 120 to the player 105 for video playing.

Third Embodiment

[0102] The third embodiment is an integration of the first
embodiment and the second embodiment, and only the dif-
ference would be described herein. The partition circuit 114
may perform partition according to a prediction unit partition
mode and a sub-block partition mode, where the sub-block
partition mode may be categorized into a non-partition, a
vertical partition, and a horizontal partition. When the sub-
block partition mode is set as the non-partition (i.e. the width
and the height of a sub-block would be respectively equal to
those of a prediction unit), it would be equivalent to the first
embodiment. When the sub-block partition mode is set as the
vertical partition, and the horizontal partition, it would be
equivalent to the second embodiment.

[0103] In summary, the video encoding method and the
video decoding method proposed in the invention may adap-
tively partition a coding unit into two oblong prediction units,
and may further partition a prediction unit into a plurality of
sub-blocks so as to thereby improve the accuracy for search-
ing out a matching reference block of a prediction unit or a
sub-block from a reference frame and enhance video encod-
ing efficiency.

[0104] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
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variations of this invention provided they fall within the scope
of the following claims and their equivalents.

1. A video encoding method, adapted to a video encoder,
comprising:

receiving a current encoding frame among a sequence of

input frames;
partitioning a current coding unit in a current coding tree
unit in the current encoding frame into two oblong pre-
diction units according to a prediction unit partition
mode, wherein each of the prediction units respectively
corresponds to a reference frame among the sequence of
input frames, wherein at least one of the reference
frames is the current encoding frame, wherein the pre-
diction units comprise a current prediction unit, and
wherein a size of the current coding unit is 2Nx2N;

searching for an optimal reference block corresponding to
the current prediction unit within a search range in the
reference frame corresponding to the current prediction
unit, and obtaining an optimal block vector between the
current prediction unit and the optimal reference block,
wherein the optimal block vector is a relative position
between the current prediction unit and the optimal ref-
erence block; and

encoding the current prediction unit according to the pre-

diction unit partition mode and information associated
with the optimal block vector.

2. The video encoding method according to claim 1,
wherein the prediction unit partition mode is a horizontal
partition, wherein a size of each of the prediction units is
respectively 2NxM and 2Nx(2N-M) or both 2NxN, wherein
M is an exponent of 2, wherein Mis 1, 2, 4, ..., or 2N, and
M=N, and wherein when one of a width or a length of the
prediction unit is 1, the reference frame corresponding to the
prediction unit is the current encoding frame.

3. The video encoding method according to claim 1,
wherein

the prediction unit partition mode is a vertical partition,

wherein a size of each of the prediction units is respec-
tively Mx2N and (2N-M)x2N or both Nx2N, wherein
M is an exponent of 2, wherein M is 1, 2, 4, ..., or 2N,
and M=N, and wherein when one of a width or a length
of the prediction unit is 1, the reference frame corre-
sponding to the prediction unit is the current encoding
frame.

4. The video encoding method according to claim 1,
wherein the step of searching for the optimal reference block
corresponding to the current prediction unit within the search
range in the reference frame corresponding to the current
prediction unit comprises:

searching for a plurality of candidate reference blocks

within the search range, and calculating a cost between
each of the candidate reference blocks and the current
prediction unit, wherein each of the costs is a distortion
associated with luminance and chroma between the cur-
rent prediction unit and each of the candidate reference
blocks in conjunction with a bit rate for encoding a block
vector between the current prediction unit and each of
the candidate reference blocks; and

setting the candidate reference block corresponding to a

minimum cost among the costs as the optimal reference
block.

5. The video encoding method according to claim 1,
wherein the reference frame is the current encoding frame,
and wherein the search range is the current coding tree unit
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and one or more coding tree units along a horizontal direction
of the current coding tree unit.

6. The video encoding method according to claim 1,
wherein the reference frame is the current encoding frame,
and the approach of searching for the optimal reference block
corresponding to the current prediction unit is a one-dimen-
sional search or a two-dimensional search, and wherein the
one-dimensional search is one of the followings: searching
along a horizontal direction from the current prediction unit,
searching along a vertical direction from the current predic-
tion unit, or searching along the horizontal direction and the
vertical direction from the current prediction unit.

7. The video encoding method according to claim 1,
wherein the reference frame is the current encoding frame,
and wherein the step of encoding the current prediction unit
according to the prediction unit partition mode and the infor-
mation associated with the optimal block vector comprises:

selecting two candidate block vector predictors sequen-

tially from a block vector of a bottom-left block with
respect to the current prediction unit, a block vector of a
upper-right block with respect to the current prediction
unit, and two immediately preceding encoded block vec-
tors;

calculating a block vector difference between each of the

candidate block vector predictors and the optimal block
vector of the current prediction unit, and setting the
block vector difference with a minimum encoding bit
rate as an optimal block vector predictor; and
encoding the prediction unit partition mode, the optimal
block vector predictor, and the block vector difference
corresponding to the optimal block vector predictor.
8. A video decoding method, adapted to a video decoder,
comprising;
receiving a current decoding frame among a sequence of
encoded frames, a prediction unit partition mode, and
information associated with an optimal block vector;

partitioning a current coding unit in a current coding tree
unit in the current decoding frame into two oblong pre-
diction units according to the prediction unit partition
mode, wherein each of the prediction units respectively
corresponds to a reference frame among the sequence of
reconstruction frames, wherein at least one of the refer-
ence frames is the current decoding frame, wherein the
prediction units comprises a current prediction unit, and
wherein a size of the current coding unit is 2Nx2N; and

decoding the current prediction unit according to the infor-
mation associated with the optimal block vector,
wherein the optimal block vector is a relative position
between the current prediction unit and the optimal ref-
erence block.

9. The video decoding method according to claim 8,
wherein the prediction unit partition mode is a horizontal
partition, wherein a size of each of the prediction units is
respectively 2NxM and 2Nx(2N-M) or both 2NxN, wherein
M is an exponent of 2, wherein M is 1,2, 4, ..., or 2N, and
M=N.

10. The video decoding method according to claim 8,
wherein the prediction unit partition mode is a vertical parti-
tion, wherein a size of each of the prediction units is respec-
tively Mx2N and (2N-M)x2N or both Nx2N, wherein M is
an exponent of 2, wherein Mis 1, 2,4, .. ., or 2N, and M=N.

11. A video encoding method, adapted to a video encoder,
comprising:
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receiving a current encoding frame among a sequence of

input frames;
partitioning a current prediction unit in a current coding
unit in a current coding tree unit in the current encoding
frame into a plurality of sub-blocks according to a sub-
block partition mode, wherein the sub-blocks comprises
a current sub-block, wherein each of the sub-blocks
respectively corresponds to a reference frame among the
sequence of input frames, wherein at least one of the
reference frames is the current encoding frame, and
wherein a size of the current prediction unit is set to one
of 2Nx2N, 2NxN, 2Nxm, 2Nx(2N-M), Nx2N, Mx2N,
or (2N-M)x2N according to a prediction unit partition
mode, wherein M is an exponent of 2, M is 1, 2,4,. . .,
or 2N, and M=N;
searching for an optimal reference sub-block of the current
sub-block within a search range in the reference frame
corresponding to the current sub-block, and obtaining an
optimal sub-block vector between the current sub-block
and the optimal reference sub-block, wherein the opti-
mal block vector is a relative position between the cur-
rent sub-block and the optimal reference block; and

encoding the current sub-block according to the prediction
unit partition mode, the sub-block partition mode, and
information associated with the optimal sub-block vec-
tor.

12. The video encoding method according to claim 11,
wherein the sub-block partition mode is a horizontal partition,
wherein a width of each of the sub-blocks is equal to a width
of the current prediction unit, wherein when one of the width
ora height of the sub-blocks is equal to 1, the reference frame
corresponding to the current prediction unit is the current
encoding frame,

wherein when the height of each of the sub-blocks is 1, the

size of each of the sub-blocks is one of the followings:

when the size of the current prediction unit is 2Nx2N,
2NxN, 2NxM, or 2Nx(2N-M), the size of each of the
sub-blocks is 2Nx1;

when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is Nx1;

when the size of the current prediction unit is Mx2N; the
size of each of the sub-blocks is Mx1; and

when the size of the current prediction unit is (2N-M)x
2N, the size of each of the sub-blocks is (2N-M)x1;
and

wherein when the height of each of the sub-blocks is L, the
size of each of the sub-blocks is one of the followings:

when the size of the current prediction unit is 2Nx2N,
the size of each of the sub-blocks is 2NxL, wherein
1<L=2N;

when the size of the current prediction unit is 2NxN, the
size of each of the sub-blocks is 2NxL, wherein
1<L=N;

when the size of the current prediction unit is 2NxM, the
size of each of the sub-blocks is 2NxL, wherein
1<L=M;

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is 2NxL,
wherein 1<L<2N-M;

when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is NxL, wherein
1<L=2N;
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when the size of the current prediction unit is Mx2N, the
size of each of the sub-blocks is MxL, wherein
1<[.<2N; and

when the size of the current prediction unit is (2N-M)x
2N, the size of each of the sub-blocks is (2N-M)xL,
wherein 1<[<2N.

13. The video encoding method according to claim 11,
wherein the sub-block partition mode is a vertical partition,
wherein a height of each of the sub-blocks is equal to a height
of the current prediction unit, wherein when one of a width or
the height of the sub-blocks is equal to 1, the reference frame
corresponding to the current prediction unit is the current
encoding frame,

wherein when the width of each of the sub-blocks is 1, the

size of each of the sub-blocks is one of the followings:

when the size of the current prediction unit is 2Nx2N,
Nx2N, Mx2N; or (2N-M)x2N, the size of each of the
sub-blocks is 1x2N;

when the size of the current prediction unit is 2NxN, the
size of each of the sub-blocks is 1xN;

when the size of the current prediction unit is 2NxM, the
size of each of the sub-blocks is 1xM; and

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is 1x(2N-M);
and

wherein when the width of each of the sub-blocks is L and

L is an exponent of 2, the size of each of the sub-blocks

is one of the followings:

when the size of the current prediction unit is 2Nx2N,
the size of each of the sub-blocks is Lx2N, wherein
1<L.=2N;

when the size of the current prediction unit is 2NxN, the
size of each of the sub-blocks is LxN, wherein
1<L.=2N;

when the size of the current prediction unit is 2NxM, the
size of each of the sub-blocks is LxM, wherein
1<L.=2N;

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is Lx(2N-M),
wherein 1<L=2N;

when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is Lx2N, wherein
1<L=N;

when the size of the current prediction unit is Mx2N, the
size of each of the sub-blocks is Lx2N, wherein
1<L.=M; and

when the size of the current prediction unit is (2N-M)x
2N, the size of each of the sub-blocks is Lx2N,
wherein 1<L<(2N-M).

14. The video encoding method according to claim 11,
wherein the step of searching for the optimal reference sub-
block of the current sub-block within the search range in the
reference frame corresponding to the current sub-block and
obtaining the optimal sub-block vector between the current
sub-block and the optimal reference sub-block comprise:

searching for a plurality of candidate reference sub-blocks

within the search range, and calculating a cost between
each of the candidate reference sub-blocks and the cur-
rent sub-block, wherein each of the costs is a distortion
associated with luminance and chroma between the cur-
rent sub-block and each of the candidate reference sub-
blocks in conjunction with a bit rate for encoding a block
vector between the current sub-block and each of the
candidate reference sub-blocks; and
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setting the candidate reference sub-blocks corresponding
to a minimum cost among the costs as the optimal ref-
erence sub-block.

15. The video encoding method according to claim 11,
wherein the reference frame is the current encoding frame,
and wherein the search range is the current coding tree unit
and one or more coding tree units along a horizontal direction
of the current coding tree unit.

16. The video encoding method according to claim 11,
wherein the reference frame is the current encoding frame,
and the approach of searching for the optimal reference sub-
block corresponding to the current sub-block is a one-dimen-
sional search or a two-dimensional search, and wherein the
one-dimensional search is one of the followings: searching
along a horizontal direction from the current sub-block,
searching along a vertical direction from the current sub-
block, or searching along the horizontal direction and the
vertical direction from the current sub-block.

17. The video encoding method according to claim 11,
wherein the reference frame is the current encoding frame,
and wherein when the current sub-block is a left-most or an
upper-most sub-block in the current prediction unit, the step
ofencoding the current sub-block according to the prediction
unit partition mode, the sub-block partition mode, and the
information associated with the optimal sub-block vector
comprises:

selecting two candidate sub-block vector predictors

sequentially from a block vector of a bottom-left block
with respect to the current prediction unit, a block vector
of a upper-right block with respect to the current predic-
tion unit, and two immediately preceding encoded block
vectors;

calculating a block vector difference between each of the

candidate sub-block vector predictors and the optimal
sub-block vector of the current sub-block, and setting
the block vector difference with a minimum encoding bit
rate as an optimal sub-block vector predictor; and
encoding the prediction unit partition mode, the optimal
block vector predictor, and the block vector difference
corresponding to the optimal sub-block vector predictor.
18. The video encoding method according to claim 17, the
reference frame is the current encoding frame, and wherein
when the current sub-block is neither a left-most nor an
upper-most sub-block in the current prediction unit, the step
ofencoding the current sub-block according to the prediction
unit partition mode, the sub-block partition mode, and the
information associated with the optimal sub-block vector
comprises:
setting information of an optimal sub-block vector corre-
sponding to an immediately preceding encoded sub-
block in the current prediction unit as information of the
optimal block vector of the current sub-block; and

encoding the prediction unit partition mode, the optimal
sub-block vector predictor, and the block vector differ-
ence corresponding to the optimal sub-block vector pre-
dictor.

19. A video decoding method, adapted to a video decoder,
comprising:

receiving a current decoding frame among a sequence of

encoded frames, a prediction unit partition mode, a sub-
block partition mode, and information associated with
an optimal sub-block vector;

partitioning a current prediction unit in a current coding

unit in a current coding tree unit in the current decoding
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frame into a plurality of sub-blocks according to the
sub-block partition mode, wherein each of the sub-block
respectively corresponds to a reference frame among the
sequence of reconstruction frames, wherein a size of the
current prediction unit is set to one of 2Nx2N, 2NxN,
2NxM, 2Nx(2N-M), Nx2N, Mx2N, or (2N-M)x2N
according to the prediction unit partition mode, wherein
M is an exponent of 2, and wherein Mis 1,2,4, ..., or
2N, and M=N; and

decoding the current sub-block according to the informa-

tion associated with the optimal sub-block vector,
wherein the optimal sub-block vector is a relative posi-
tion between the current sub-block and the optimal ref-
erence sub-block.

20. The video decoding method according to claim 19,
wherein the sub-block partition mode is a horizontal partition,
and wherein a width of each of the sub-blocks is equal to a
width of the current prediction unit,

wherein when a height of each of the sub-blocks is 1, the

size of each of the sub-blocks is one of the followings:

when the size of the current prediction unit is 2Nx2N,
2NxN, 2NxM, or 2Nx(2N-M), the size of each of the
sub-blocks is 2Nx1;

when the size of the current prediction unit is Nx2N, the

size of each of the sub-blocks is Nx1;

when the size of the current prediction unit is Mx2N, the

size of each of the sub-blocks is Mx1; and

when the size of the current prediction unit is (2N-M)x
2N, the size of each of the sub-blocks is (2N-M)x1;
and

wherein when the height of each of the sub-blocks is I and

L is an exponent of 2, the size of each of the sub-blocks
is one of the followings:

when the size of the current prediction unit is 2Nx2N; the

size of each of the sub-blocks is 2NxL, wherein
1<L=2N;

when the size of the current prediction unit is 2NxN, the

size of each of the sub-blocks is 2NxL, wherein 1<L<N,

when the size of the current prediction unit is 2NxM, the

size of each of the sub-blocks 1s 2NxL, wherein 1<L=M;

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is 2NxL,
wherein 1<L=2N-M;

when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is NxL, wherein
1<L=2N;

when the size of the current prediction unit is Mx2N, the
size of each of the sub-blocks is MxL, wherein
1<.<2N; and

when the size of the current prediction unit is (2N-M)x
2N, the size of each of the sub-blocks is 2N-M)xL,
wherein 1<[<2N.

21. The video decoding method according to claim 19,
wherein the sub-block partition mode is a vertical partition,
wherein a height of each of the sub-blocks is equal to a height
of the current prediction unit,
wherein when a width of each of the sub-blocks is 1, the size
of each of the sub-blocks is one of the followings:

when the size of the current prediction unit is 2Nx2N,

Nx2N, Mx2N, or 2N-M)x2N; the size of each of the

sub-blocks is 1x2N;

when the size of the current prediction unit is 2NxN, the
size of each of the sub-blocks is 1xN;
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when the size of the current prediction unit is 2NxM, the
size of each of the sub-blocks is 1xM; and

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is 1x(2N-M);
and

wherein when the width of each of the sub-blocks is L and

L is an exponent of 2, the size of each of the sub-blocks

is one of the followings:

when the size of the current prediction unit is 2Nx2N,
the size of each of the sub-blocks is Lx2N, wherein
1<L=<2N;

when the size of the current prediction unit is 2NxN, the
size of each of the sub-blocks is LxN, wherein
1<L=2N;

when the size of the current prediction unit is 2NxM, the
size of each of the sub-blocks is LxM, wherein
1<L=<2N;

when the size of the current prediction unit is 2Nx(2N-
M), the size of each of the sub-blocks is Lx(2N-M),
wherein 1<L<2N;

when the size of the current prediction unit is Nx2N, the
size of each of the sub-blocks is Lx2N, wherein
1<L=N;

when the size of the current prediction unit is Mx2N, the
size of each of the sub-blocks is Lx2N, wherein
1<L=M; and

when the size of the current prediction unit is (2N-M)x2N,
the size of each of the sub-blocks is Lx2N, wherein
1<L=(2N-M).



