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(57) Abstract: A method of removing a motion vector from a group of motion
vectors used in an encoding process includes providing a list of motion vectors,
selecting an initial motion vector from the list of motion vectors, and providing
an intermediate motion vector using a motion vector refinement process. The
motion vector refinement process uses, in part, the initial motion vector. The
method also includes forming a region defined by one or more parameters asso-
ciated with the initial motion vector and one or more parameters associated with
the intermediate motion vector, selecting an additional motion vector from the
list of motion vectors, determining that the additional motion vector points into
the region, and modifying a state of the additional motion vector.
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METHOD AND SYSTEM FOR VIDEO ENCODING AND
TRANSCODING

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] The present application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Patent Application No. 60/793,747, filed April 21, 2006, which is incorporated herein by '

reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] The present invention relates to the field of digitally compressed motion video and
to optimizing the transcoding or encoding of digitally compressed motion video. More
particularly, embodiments of the present invention relate to methods and systems for
reducing computation required to calculate optimal motion vectors from a set of initial

motion vectors during video encoding.

[0003] Several video coding standards have been introduced for digital video compression.
Among them are MPEG-1, MPEG-2, and MPEG-4 part 2 standardized by the ISO
committee, H.261 and H.263 standardized by the ITU committee and H.264, also known as
Advanced Video Coding (AVC) or MPEG-4 part 10, standardized jointly by both the ISO
and ITU committee. The video compression standards define decoding techniques and part
of the encoding techniques, and the modules used for compressing video include variable
length coding, motion compensation, quantization and frequency domain transform. To
encode a video frame, the frame is divided into blocks, each block is then coded in one of

several different ways, and these include intra, inter-predictive, intra-predictive or non-coded.

[0004] To encode a block using inter-predictive coding, the block can be further divided
into partitions of different sizes, and a motion vector can be used in each partition to point to
another partition of the same size in a reference frame. The value of the differences between
the two partitions, known as a residue, is obtained, and can then be transformed using a
technique such as the discrete cosine transform (DCT). The transformed data is quantized
before being entropy coded to obtain the compressed bitstream. Though the method of
encoding the motion vectors and residue are well defined within each standard, the technique

for searching for one motion vector to confidently predict the optimal location for a partition
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in the reference frame, known as motion estimation, is not defined within most of the

standards.

[0005] Motion estimation is one of the most resource intensive operations for video
encoding. To confidently find the global optimum motion vector used to encode a block, it is
necessary to examine all possible motion vectors in every reference frame, within the
values/ranges restricted by the standard. The discovery of the optimum motion vectors
enables the bitstream to be encoded with the minimum bitrate and the maximum quality.

This process results in very high computation resource requirement. Alternatively, in
general, a sub-optimal motion vector, as compared to the global motion vector, can be found
by using fast motion estimation techniques, such as the diamond search for the motion
estimation, at the expense of increasing bitstream size for the same quality, or conversely

reduced quality at a constrained bit rate.

[0006] In applications such as video encoding in a mobile device and video transcoding or
transrating for a mobile channel in multimedia gateway, where real-time encoding is utilized,
coding speed is also important. It is also desirable to reduce power consumption and reduce

resource requirements used for video encoding.

[0007] On the other hand, due to the network resource limitations, it is also desirable to
keep the bitrate low for the same compressed video quality. Thus, there is a need in the art
for improved methods and systems for finding the right balance between compression
performance and computation resource requirements to predict the optimal parameter for

encoding.

SUMMARY OF THE INVENTION
[0008] The present invention relates generally to optimizing the transcoding or encoding of
digitally compressed motion video, and particularly, to a methodology for reducing
coniputation utilized to calculate one optimal motion vector from a set of initial motion
vectors used to encode the video. A first embodiment of the invention eliminates initial
motion vectors that are within a window bounded by the motion vectors extracted during a
motion refinement process. A second embodiment of the invention utilizes the coding cost of
the initial motion vectors that lead to the final optimal motion vectors to derive an early

termination criteria for the refinement of the initial motion vectors. A third embodiment of
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the present invention selects a median motion vector from multiple motion vectors by

utilizing the size of the partition to which the motion vector belongs.

[0009] According to an embodiment of the present invention, a method of removing a
motion vector from a group of motion vectors used in an encoding process is provided. The
method includes providing a list of motion vectors, selecting an initial motion vector from the
list of motion vectors, and providing an intermediate motion vector using a motion vector
refinement process. The motion vector refinement process uses, in part, the initial motion
vector. The method also includes forming a region defined by one or more parameters
associated with the initial motion vector and one or more parameters associated with the
intermediate motion vector and selecting an additional motion vector from the list of motion
vectors. The method further includes determining that the additional motion vector points

into the region and modifying a state of the additional motion vector.

[0010] According to another embodiment of the present invention, a method of selecting a
motion vector adapted for use in an encoding process is provided. The method includes a)
providing a list of motion vectors, b) selecting a first motion vector from the list of motion
vectors, ¢) determining a first coding cost associated with the first motion vector, and d)
defining a minimum coding cost based on the first coding cost. The method also includes €)
selecting another motion vector from the list of motion vectors and f) determining another
coding cost associated with the another motion vector. If the another coding cost is less than
the first coding cost, then the method provides a refined motion vector using a motion vector
refinement process as a function of the another motion vector and determines a refined
coding cost associated with the refined motion vector. If the refined coding cost is less than
the minimum coding cost, then the method updates the minimum coding cost based on the
refined coding cost, updates the first coding cost based on the another coding cost, and
provides a temporary motion vector based on the refined motion vector. Steps €) through the
if-then loops are repeated for other motion vectors in the list of motion vectors and an

encoding motion vector is selected for use in the encoding process.

[0011] According to an alternative embodiment of the present invention, a method of
computing a motion vector for a block having a plurality of partitions is provided. The
method includes receiving a list of motion vectors. Each of the motion vectors in the list of
motion vectors is associated with one of the plurality of partitions. The method also includes

assigning a weight for each of the plurality of partitions, extracting a first component from
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each of the motion vectors to provide a first list, and associating the weight for each of the
plurality of partitions with the first component. The method further includes sorting the first
list based on the first component, summing the weight for each of the plurality of partitions to
compute a total value, and summing the weight for each of the plurality of partitions
associated with the first component until a first component sum is greater than or equal to a
fraction of the total value. Additionally, the method includes determining a first component

value and computing the motion vector as a function of the first component value.

[0012] Many benefits are achieved by way of the present invention over conventional
techniques. For example, embodiments of the present invention provide near optimal motion
refinement results. In addition, such performance is achieved using a reasonable number of
execution cycles. Embodiments of the present invention reduce the computation requirement
of re-estimating a new motion vector in the presence of a plurality of initial motion vectors,
by eliminating those initial motion vectors that are less probable to be able to deduce the final
locally optimal motion vector from a list of initial motion vectors. Another embodiment
eliminates the initial motion vectors that are likely to give similar results during motion
refinement from a list of initial motion vectors. Yet another embodiment speeds up the
elimination of initial motion vectors from the list of initial motion vectors by analyzing them
in a sequence so as to maximize the chance of analyzing the more likely to be selected of the
initial motion vector first before other less likely to be selected initial motion vectors, which
ultimately results in the locally optimal motion vector. In a particular embodiment, the
memory utilized is reduced and the speed of selecting a median motion vector from a list of
motion vectors is increased. Depending upon the embodiment, one or more of these benefits,

as well as other benefits, may be achieved.

[0013] The objects, features, and advantages of the present invention, which to the best of
our knowledge are novel, are set forth with particularity in the appended claims.
Embodiments of the present invention, both as to their organization and manner of operation,
together with further objects and advantages, may best be understood by reference to the

following description, taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1A is an example used in illustrating the redundant motion vector elimination

situation provided according to an embodiment of the present invention;
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[0015] FIG. 1B illustrates the motion vectors and the associated windows formed by

refining motion vector D according to an embodiment of the present invention;

[0016] FIG. 2A is an example used in illustrating early termination according to an

embodiment of the present invention;

[0017] FIG. 2B illustrates the motion vectors extracted from the block used in illustrating

an example of early termination according to an embodiment of the present invention;

[0018] FIG. 2C is a table showing the coding cost of the initial motion vector and the
coding cost of the final motion vector after motion refinement using the early termination

process according to an embodiment of the present invention;

[0019] FIG. 3 illustrates a process for P block motion estimation during transcoding

according to an embodiment of the present invention;

[0020] FIG. 4 illustrates a process for the redundant motion vector elimination process

using a rectangular window according to an embodiment of the present invention;

[0021] FIG. 5 illustrates a process of an early termination process according to another

embodiment of the present invention;

[0022] FIG. 6A illustrates a process of estimating the median motion using the size of the
partition that the motion vector is associated with according to an embodiment of the present

invention;

[0023] FIG. 6B illustrates another process of estimating the median motion according to an

embodiment of the present invention;

[0024] FIG. 7 illustrates an example of the motion vector analysis during transcoding of a
macroblock without transrating or transizing according to an embodiment of the present

invention;

[0025] FIG. 8 illustrates an example of the motion vector analysis during encoding of a

macroblock according to an embodiment of the present invention;

[0026] FIG. 9 illustrates an example of the motion vector analysis during the transcoding of
a macroblock where the incoming video allows a plurality of reference frames according to

an embodiment of the present invention;
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[0027] FIG. 10 illustrates an example of the motion vector analysis during the transcoding
of a macroblock where the outgoing video frame rate is half that of the incoming video frame

rate according to an embodiment of the present invention;

[0028] FIG. 11 illustrates an example of the motion vector analysis during the transizing of

a macroblock according to an embodiment of the present invention;

[0029] FIG. 12 illustrates an example of the motion vector analysis during the transcoding
of a macroblock where the incoming macroblocks contains partition according to an

embodiment of the present invention;

[0030] FIG. 13 illustrates an example of motion vector analysis during transcoding of a
macroblock where incoming video and outgoing video consists of different block type

according to an embodiment of the present invention;

[0031] FIG. 14 is a rate distortion graph illustrating a rate distortion performance of an
H.264 to H.263 transcoding implementation using techniques provided by embodiments of
the present invention compared with a rate distortion performance of a full search tandem

transcoder; and

[0032] FIG. 15 illustrates the computational cycles obtained from transcoding H.264 to
H.263 video bitstream using full search motion vector estimation and the motion vector

estimation techniques provided by embodiments of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
[0033] An embodiment of the present invention provides methods and systems to reduce or
eliminate initial motion vectors that are less likely to be useful and that are within a region
bounded by the motion vectors extracted during a refinement search. Another embodiment of
the present invention provides methods and systems that utilize a coding cost of the initial
motion vector that will lead to the final optimal motion vectors to derive an early termination

criterion for the refinement of other initial motion vectors that are less likely to be optimal.

[0034] An alternative embodiment of the present invention provides methods and systems
to select a median motion vector from multiple motion vectors by utilizing the size of the
partition to which the motion vector belongs. Yet another embodiment provides methods and
systems that analyze the initial motion vectors during video transcoding by first using one or

more motion vectors with higher accuracy from a block in the incoming video, followed by
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motion vectors obtained from the encoded blocks in the outgoing video, followed by a
plurality of motion vectors obtained from the incoming decoded video, where each analysis
involves elimination or identification of the less likely to be optimal initial motion vectors.

The motion vector with higher accuracy is a median or mean motion vector.

[0035] Embodiments of the present invention are useful, but not limited to, the application
of video transcoding and encoding. The methods and systems described herein are of
particular usefulness where the compression ratio and video quality of the compressed
outgoing video is important. This is especially so when video standard with higher
compression ratio is transcoded to a video standard with lower compression ratio, such as
from H.264 video to H.263 video, or when video bitstream from a higher bandwidth network
is transcoded to a limited bandwidth network, such as from wired network to mobile wireless
network. One such application is the transcoding of H.264 to H.263 video in a multimedia
gateway in a 3GPP network, whereby the H.264 video originated from a packet side is
transcoded to H.263 video in a circuit side wireless network. Such transcoding is utilized
when a 3G mobile phone that supports H.263 decoding but does not have a built in H.264

decoder is to receive the video bitstream content.

[0036] In the following description, the terms block, macroblock, partition, and sub-
partition of a macroblock are interchangeable depending on the context on which the
invention is used. The block, macroblock, partition and sub-partition of a macroblock do not
need to be restricted to a square/rectangular shape. In one embodiment, they can be arbitrary
in shape and size. The use of these various terms should be obvious to those skilled in the art
when the invention is applied in the context of motion estimation. The term 'optimal motion
vectors' means local optimal motion vector being calculated at the time of the operation, and

may or may not be a global optimal motion vector.

[0037] One of the most expensive operations in the encoding of compressed video is the
prediction of motion vectors for encoding inter-predicted blocks. To speed up the video
encoding, motion vectors are reused during transcoding or encoding, and the motion vectors
are projected for reuse during transrating or transizing. The motion vectors to be used for
prediction include those from the blocks that have been previously encoded, or specifically in
case of video transcoding, directly from the decoded or partially decoded video. In many

circumstances during a transcoding operation, the motion vectors copied directly from other
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blocks in the encoded video, or copied directly from the incoming decoded video during

transcoding or transrating, are not optimal for re-encoding. This can be due to many reasons.

[0038] In the case of reusing the motion vectors from the blocks that have already been
encoded, the optimal motion vector can differ due to the difference in picture content, or a
change of encoding parameter such as quantization parameter, or clipping/restricting of
motion vector as specified by a standard. In the case of transcoding from one compressed
video format to another, the optimal motion vector for encoding may differ from the motion
vectors of the decoded video block due to restrictions imposed by the standard, or the
quantization parameter, which both affect the quality of the compressed video. To improve
the accuracy of the motion vector used for video encoding, a motion refinement or motion re-
estimation is applied, by using the transferred motion vector as the initial position for the re-

estimating the motion vectors.

[0039] Fast search is usually adopted to speed up the process of motion refinement or
motion re-estimation. The technique involves using an initial motion vector as the current
motion vector and testing the coding cost of a set of derived motion vectors that is different
by a specific amount from the original initial motion vector, for example, *1 of the value of
its respective x and y components. If one of the derived motion vectors has a coding cost that
is lower than the coding cost of the current motion vector, the current motion vector then
becomes the derived motion vector with the lowest coding cost among all its derived motion
vectors. The subsequent derived motion vector for the current motion is then tested again
using the same procedure to find the motion vector with lowest coding cost, and the test is
subsequently repeated until the coding cost of the current motion vector is the lowest among
its surrounding derived motion vectors. The motion vector with the lowest coding cost is

then selected as the motion vector of the block.

[0040] In one embodiment of the present invention, the coding cost is calculated using a
Sum of Absolute Differences (SAD) between the current block and the block of similar size
referenced by the motion vector in the reference frame. In another embodiment, the coding
cost is calculated from a SAD when using a motion vector plus the cost of encoding the
motion vector, adjusted using a weighting factor. The higher the coding cost, the less
attractive the motion vector is and the lower its chances of being selected. Other techniques
of calculating the coding cost that are known to those skilled in the art can be applied, as

could other variations and alternatives.
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[0041] This process is fast, however using only a single initial motion vector in fast motion
refinement results in sub-optimal encoding since it can lead to the motion vector selected
being trapped in the local minimal of the coding cost. To improve the accuracy of motion
refinement, multiple initial motion vectors, instead of a single motion vector, can be selected
as the initial motion vectors for motion refinement, and the refined motion vector with the
lowest coding cost of all refined motion vectors is selected as the optimal motion vector. The
motion vector is then used in motion compensation for encoding the block of the video. Such
a technique of using multiple initial motion vectors for refinement, though improving the

accuracy, increases the computational cycles.

[0042] To reduce the number of computational cycles for video encoding it is desirable to
minimize the expensive computations such as performing motion refinement for every initial
motion vectors. This can be achieved by eliminating the initial motion vectors that are less
likely to be optimal even before motion refinement begins. As such, the order in which the
motion vectors are inserted into the list is important as it will determine the average
computational cycles required for analyzing the motion vectors. In the case where the most
optimal motion vector is analyzed at the beginning of the list, the subsequent motion vectors
will most probably be eliminated as their coding cost can be larger than that of the most
optimal motion vectors, thus reducing the computational cycles required for motion
refinement of the motion vectors which will not be optimal. If the motion vectors with lower
coding costs are inserted later in the list, the motion vectors with higher coding cost will have
to be analyzed first, thus increasing the computational cycles used in motion refinement of
these motion vectors. It is preferable to place the motion vector with a higher probability of

being optimal in the beginning of the list.

[0043] The initial motion vectors can be obtained from various possible sources such as
from the decoder (in transcoding) or encoder (in both encoding and transcoding). One such
possibility is the motion vectors from the previously decoded macroblocks or macroblock
partition from the decoder in the case where transcoding is being employed. Another
possibility is the motion vectors from the previously encoded macroblock partition from the
encoder. Another possibility is that preset motion vector, such as zero motion vector, can be
used. Another possibility is to use the derived motion vector according to some
predetermined formulation, for example, from the prospective projection derived using other
motion vectors within the video. Variations, combinations and alternatives to how the

motion vectors are obtained would be apparent to those skilled in the art.
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[0044] To reduce the computational cycles, a projected motion vector or motion vectors
with the highest probability of being optimal are first appended to the front of the list. In
most cases, this is usually from the decoded video in the case of transcoding. However, the
motion vector can be from encoded video if the decoded motion vector is not available, for
example, during an encoding, or that the current decoded macroblock is an intra macroblock
and the current encoded macroblock needs to be an inter macroblock during a transcoding.
The motion vector can be also be derived from the encoded video if the motion vectors from
the encoded video is believed to be more accurate than such motion vector derived from
decoded macroblock. For example, if the motion vectors in the encoded video is found to
appear in a more orderly or trackable/predictable manner than the motion vectors in the
decoded video. This is possible when the quantization parameter of the incoming and
outgoing videos are different, or that filtering is utilized in the encoded video, or that the
encoded outgoing video contains more inter macroblocks than the decoded video, or any
other variation that is known to those of ordinary skill in the art in the field of video encoding

or transcoding.

[0045] In one embodiment of the invention concerning video transcoding, the median
motion vector determined from the block of the same spatial location in the incoming
decoded video is the first motion vector appended to the list of initial motion vectors. This is
because the median motion vector from the incoming video is very likely to be quite accurate
in predicting the final optimal motion vector. The x and y components of the median motion
vectors can be selected from different motion vectors. For illustrative purpose, both
components are selected from the same motion vector in the present description however this
need not be the case. In another embodiment, the mean values of the motion vectors can be
used, by averaging all the respective component values of the selected motion vectors. In yet
another embodiment, one motion vector from the largest partition in the current decoded
macroblock is selected if the current decoded macroblock contain multiple partitions, or the

motion vector of the macroblock is selected if the macroblock contains only one partition.

[0046] Following that, the motion vectors from the previously encoded blocks of the
outgoing encoded video, for example, the motion vectors of the previously encoded blocks at
the left, top, top left and top right are then appended to the list of initial motion vectors if the
video is encoded in the scan line order, since they are most likely to resemble the final
optimal motion vector of the current block after refinement. In the case where incoming

video is not available, such as in video encoding alone, the neighboring motion vectors are

10
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used to predict the current motion vector, so they are considered to be the next most
potentially likely initial motion vector. Finally, the rest of the decoded motion vectors from
the blocks in the incoming video are appended as they are the motion vectors with lower
probability of being selected as optimal motion vectors. In another embodiment, other
motion vector such as zero motion vector, or motion vectors projected from the prospective
global motion, can also be appended to the list. The motion vectors in the list are then
analyzed in a first-in-first-out order, variations and alternatives exist for the list construction

and processing order as would be recognized by those skilled in the arts.

[0047] In the description that follows, the macroblock encoding and decoding are assumed
to be in scan line order, in which during the respective encoding and decoding of a
macroblock, its left, top, top left and top right macroblocks are assumed to be available. In
the case where random order, or non scan line, encoding or decoding is used, for example, in
H.264 encoded bitstream when arbitrary slice order (ASO) or flexible macroblock ordering
(FMO) is enabled, the availability of the neighboring macroblocks can be different. In those
cases, the motion vectors of other neighboring available macroblocks, not restricted to the

left, top, top left and top right macroblocks, can be used.

[0048] One embodiment of the invention is explained with reference to FIG. 7. This
involves direct transcoding where the frame rate, resolution and frame size of the incoming
and outgoing videos are the same. A macroblock containing three partitions 7150, 7160 and
7170 in the decoded frame segment 7100 is being transcoded to the macroblock 7250 in the
encoded frame segment 7200. The median motion vectors 7310 which are calculated from
the partition 7150, 7160 and 7170 are first inserted into the front of the list 7300. The motion
vectors from the neighboring macroblocks of the current encoded macroblock 7250, which
include the left encoded macroblock 7240, the top encoded macroblock 7220, the top left
encoded macroblock 7210 and the top right encoded macroblock 7230, are placed in the list
7300 in that respective order. Following that, the motion vectors from the neighboring
macroblocks of the current decoded macroblock, which include the left decoded macroblock
7140, the top decoded macroblock 7120, the top left decoded macroblock 7110 and the top
right decoded macroblock 7130, are placed in the list 7300 in that respective order. The
motion vectors in the list 7300 are then analyzed using the content in macroblock 7250 in a
first-in-first out order to obtain an optimal motion vector from the motion vectors inserted
into the list 7300, and the optimal motion vector is then assigned as the motion vector of

encoded macroblock 7250, which is encoded and transmitted as part of the oﬁtgoing video.

11
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[0049] In yet another embodiment, the procedure of inserting the motion vectors into the
list 7300 is similar to that illustrated in FIG. 7, with an additional procedure that the x and y
components of the median motion vectors are extracted separately from motion vectors of
different partitions and the motion vectors which have one of their components selected as
the medium motion vector, are inserted in the list after the median motion vector 7310 and

before the motion vector 7320.

[0050] The process of an embodiment of P block motion estimation during transcoding is
illustrated in FIG. 3. In this embodiment, the macroblocks are assumed to be decoded and
encoded in a scan line order. The process starts with step 3000. In step 3010, the motion
vectors from the decoded video are extracted. A decision 3020 is then made to determine if
the number of motion vector within the block is more than two. If this is false, the process
continues in step 3050. Otherwise if the decoded video contains multiple motion vectors
within one block, where it is possible if the input video is coded in H.264 or the AVC
standard, the median motion vector is extracted from all the motion vectors within the block
in step 3030. In a preferred embodiment, the median motion vector extraction with reference
to FIG. 6 is used to extract the median motion vector. This median motion vector is
appended to the front of the list  of initial motion vectors in step 3040. In step 3050, the
motion vectors from the blocks that have already been encoded in the current frame of the
video are extracted, and they are appended to list L. In a preferred embodiment, these motion
vectors are from the blocks at the left, top left, top, and top right of the current block if the
decoding is performed in a scan line fashion. Otherwise the motion vectors of the
neighboring blocks of the current block are inserted. In step 3060, motion vectors from
neighboring blocks of the current decoded macroblock of the input video are appended to the
list L. The process continues in step 3070, to calculate one optimal motion vector for
encoding from the motion vectors contains in list L. In a preferred embodiment, the motion
vector is determined by an early termination technique described with reference to FIG. 5,
whereby the initial motion vectors are analyzed in a first-in-first-out order and the analysis

will be explained in detail later in the paragraphs. Finally, the process ended in step 3080.

[0051] Another application of the invention is in encoding. An embodiment of such
application is illustrated with reference to FIG. 8. The encoded macroblock to be encoded
8200 contains three partitions 8150, 8160 and 8170, and the motion vector is required in the
encoding of the last partition 8160. The motion vectors in the top partition 8750 and the left

partition 8150 are already available, and their respective motion vectors are placed in the list
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8300. The motion vectors from the neighboring macroblocks of the encoded macroblock
8170, which include the left encoded macroblock 8140, the top encoded macroblock 8120,
the top left encoded macroblock 8110 and the top right encoded macroblock 8130, are placed
in the list 8300 in that respective order. The motion vectors in the list 8300 are then analyzed
using the content in the partition 8160 in a first-in-first out order to obtain an optimal motion
vector from the motion vectors inserted into the list 8300, and the optimal motion vector is
then assigned as the motion vector of the partition 8160, which is encoded and transmitted as

part of the outgoing video.

[0052] Another application of the invention is in the transcoding of macroblocks where
reference frames for each macroblock or partition of the macroblock are different. In this
case, the motion vector cannot be used directly, but instead, has to be readjusted before
analyzing. An embodiment of this type of application is illustrated with reference to FIG. 9.
The macroblock containing 9150 in the decoded frame segment 9100 is being transcoded to
the macroblock 9450 in the encoded frame segment 9400. The motion vectors in
macroblocks 9110, 9120, 9130, 9140 and 9150 are rescaled to the appropriate value,
according to the number of frames their respective reference frames are from the current
frame. Techniques such as vector interpolation or other techniques can be applied to rescale
the motion vectors. The respective rescaled vectors are represented in the hypothetical
decoded frame segment 9300 as the motion vectors in the macroblocks 9310, 9320, 9330,
9340 and 9350 respectively. The rescaled motion vectors of the current decoded macroblock
are then placed into the front of the list 9500. The motion vectors from the neighboring
macroblocks of the current encoded macroblock 9450, which include the left encoded
macroblock 9440, the top encoded macroblock 9420, the top left encoded macroblock 9410
and the top right encoded macroblock 9430, are placed in the list 9500 in that respective
order. Following that, the rescaled motion vectors 9340, 9320, 9310, 9330 from the
neighboring macroblocks of the current decoded macroblock 9150, which are originally from
the left decoded macroblock 9140, the top decoded macroblock 9120, the top left decoded
macroblock 9110 and the top right decoded macroblock 9130, are placed in the list 9500 in
the respective order. The motion vectors in the list 9500 is then analyzed using the content in
macroblock 9450 in a first-in-first out order to obtain an optimal motion vector from the
motion vectors inserted into the list 9500, and the optimal motion vector is then assigned as
the motion vector of encoded macroblock 9450, which is encoded and transmitted as part of

the outgoing video.
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[0053] Another application of the invention is in the transrating of macroblocks where the
frame rates of the incoming video and outgoing video are different. An embodiment of this
type of application is illustrated with reference to FIG. 10. The example assumes that the
frame rate of the outgoing video is half that of the incoming video, however the invention is
not limited to this. To reduce the frame rate, information such as motion vectors from a
plurality of incoming frames is combined to form information in a single frame. There are
many techniques available which the motion vectors can be combined. In one embodiment,
the motion vectors from the same spatial location are simply added together to produce the
projected motion vectors. For example, the motion vectors in macroblock 10110, 10120,
10130, 10140 and 10150 in decoded frame segment 10100 at time #-1 are respectively added
to the motion vectors in macroblocks 10210, 10220, 10230, 10240 and 10250 in decoded
frame segment 10200 at time ¢, to produce a projected motion vectors in macroblocks 10310,
10320, 10330, 10340 and 10350 represented in a hypothetical decoded frame segment 10300.
Other techniques that are known to those skilled in the art can be used to tabulate these
motion vectors. The projected motion vector 10350 is first inserted into the front of the list
10500. The motion vectors from the neighboring macroblocks of the current encoded
macroblock 10450, which include the left encoded macroblock 10440, the top encoded
macroblock 10420, the top left encoded macroblock 10410 and the top right encoded
macroblock 10430, are placed in the list 10500 in that respective order. Following that, the
projected motion vectors from the neighboring macroblocks of the current decoded
macroblock in the hypothetical decoded frame segment 10300, which include the left
macroblock 10340, the top macroblock 10320, the top left macroblock 10310 and the top
right macroblock 10330, are placed in the list 10500 in the respective order. The motion
vectors in the list 10500 is then analyzed using the content in macroblock 10450 in a first-in-
first out order to obtained an optimal motion vector from the motion vectors inserted into the
list 10500, and the optimal motion vector is then assigned as the motion vector of encoded

macroblock 10450, which is encoded and transmitted as part of the outgoing video.

[0054] Another application of the invention is in transizing of frame where the frame
resolution of the incoming video and outgoing video are different. An embodiment of this
type of application is illustrated with reference to FIG. 11. This embodiment assumes that
the frame resolution of the outgoing video is half that of the incoming video, and each
macroblock is downscaled by a factor of two during the transizing, this is not limiting

however. In this case, the motion vectors in the decoded frame segment 11100, including the
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motion vectors in the macroblocks 11110, 11120, 11130, are divided by a factor of two and
to produce projected motion vectors in blocks 11310, 11320, 11330, 11340 and 11350, which
together form a macroblock, represented in a hypothetical decoded frame segment 11300.
From the four blocks, a median motion vector is found from the block 11310, and it is
inserted into the front of the list 11500. The motion vectors from the neighboring
macroblocks of the current encoded macroblock 11450, which include the left encoded
macroblock 11440, the top encoded macroblock 11420, the top left encoded macroblock
11410 and the top right encoded macroblock 11430, are placed in the list 11500 in that
respective order. Following that, the rest of the rescaled motion vectors from the blocks
11320, 11330, 11340 are placed in the list 11500 in that respective order. The motion vectors
in the list 11500 are then analyzed using the content in macroblock 11450 in a first-in-first
out order to obtain an optimal motion vector from the motion vectors inserted into the list
11500, and the optimal motion vector is then assigned as the motion vector of encoded

macroblock 11450, which is encoded and transmitted as part of the outgoing video.

[0055] In another embodiment, the frame is reduced to arbitrary size and the motion
vectors are scaled appropriately. Other techniques that are known to those skilled in the art

can be used to calculate these motion vectors.

[0056] Another application of the invention is in the transcoding of macroblocks where the
macroblock can consist of multiple partitions or blocks each with its own motion vector. An
embodiment of this type of application is illustrated with reference to FIG. 12. This
embodiment assumes that only motion vectors in the partitions of the blocks immediately
next to the current decoded macroblock are used for analysis, other embodiments need not
have this limitation. The current decoded macroblock containing three partitions 12310,
12320 and 12330 in the decoded frame segment 12300 is being transcoded to the macroblock
12450 in the encoded frame segment 12400. The median motion vector 12310 which is
calculated from the partition 12310, 12320 and 12330 is first inserted into the front of the list
12300. The motion vectors from the neighboring macroblocks of the current encoded
macroblock 12450, which include the left encoded macroblock 12440, the top encoded
macroblock 12420, the top left encoded macroblock 12410 and the top right encoded
macroblock 12430, are placed in the list 12400 in that respective order. Following that, the
motion vectors from the neighboring macroblocks of the current decoded macroblock, which
include the left decoded macroblock 12440, the top decoded macroblock 12420, the top left
decoded macroblock 12410 and the top right decoded macroblock 12430, are placed in the
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list 12500 in that respective order. The motion vectors of the partition 12340, 12350, 12360,
12370 and 12380 which are the immediate neighbors of the current decoded macroblock are
then placed subsequently in the list 12500. The list 12500 is then analyzed using the content
in macroblock 12450 in a first-in-first out order to obtained an optimal motion vector from
the motion vectors inserted into the list 12500, and the optimal motion vector is then assigned
as the motion vector of encoded macroblock 12450, which is encoded and transmitted as part

of the outgoing video.

[0057] Another application of the invention is in transcoding where the incoming video and
outgoing video consists of different block types. An embodiment of this type of application
is illustrated with reference to FIG. 13. There is no motion vector in the current decoded
macroblock 13350 and left macroblock 13440 of the currently encoded macroblock because
they are encoded as intra macroblocks. Thus, the more accurate motion vectors from
encoded macroblocks for the outgoing video are first inserted into the list 13500. The motion
vectors from the neighboring macroblocks of the macroblock currently being encoded 13450,
which includes the left encoded macroblock 13440, the top encoded macroblock 13420, the
top left encoded macroblock 13410 and the top right encoded macroblock 13430, are placed
in the list 13500 in that respective order. Following that, the projected motion vectors from
the neighboring macroblocks of the current decoded macroblock in the hypothetical decoded
frame segment 13300, which include the left macroblock 13340, the top macroblock 13320,
the top left macroblock 13310 and the top right macroblock 13330, are placed in the list
13500 in that respective order. The motion vectors in the list 13500 are then analyzed using
the content in macroblock 13450 in a first-in-first out order to obtain an optimal motion
vector from the motion vectors inserted into the list 13500, and the optimal motion vector is
then assigned as the motion vector of encoded macroblock 13450, which is encoded and
transmitted as part of the outgoing video. Transcoding between different block types is
discussed in additional detail in U.S. Patent Application No. 10/620,329, filed on January 21,
2004, entitled "Method And Apparatus for Handling Video Communications Errors," which

is commonly assigned and incorporated by reference herein in its entirety.

[0058] The application of the invention is not restricted to the examples shown above, and
various combinations of the techniques, which are known to those skilled in the art, are also

possible.
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[0059] In addition to the examples mentioned, there are many variations in which the
invention can be applied to the encoding of video, or transcoding of video across different
video coding standards or transcoding of video across the same video coding standard. Some

of these are mentioned throughout the present specification.

[0060] In terms of encoding the sequence of video frames to a compressed video bitstream,

the applications are as follow,

(1) Deriving multiple children motion vectors from single parent motion vector, for
example, deriving the children motion vectors within multiple partitions of a block by
first deriving the parent motion vector of the block, or during hierarchical deriving of
children video vectors, such as from a parent global motion. The invention is applied
in deriving the parent motion vector, using the already derived motion vectors from
other blocks in the first case or previous global motion vectors in the second case.

The parent motion vector is subsequently used to derive the children motion vectors.

(2) Deriving a single motion vector of a partition within a block with multiple motion
vectors directly. The invention is applied in deriving a single motion vector of the
partition using the motion vectors of the other partitions as initial potential motion

vectors.

[0061] In terms of transcoding compressed video bitstream from one format of compressed

video bitstream to another format, the applications are as follow,

(1) Deriving a motion vector in the block or partition of the outgoing video from the
motion vector in the block or partition of the same size in the incoming video. The
motion vector in the outgoing video is derived by using the motion vector of the block
in the incoming video and the already derived motion vectors of other blocks as initial
potential motion vectors, and then using techniques as detailed in the present

specification.

(2) Deriving a single motion vector in a block of the outgoing video from the multiple
motion vectors in the partitions in a block of the incoming video. Multiple motion
vectors in the partitions of a block to single motion vector in a block. For example, in
transcoding of H.264 macroblock with multiple partitions to a single H.263

macroblock. In this case, the multiple motion vectors in the partitions are used as
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initial motion vectors, together with the motion vectors from the incoming video and

already encoded motion vectors from the outgoing video.

(3) Deriving the motion vectors for each of the multiple partitions of a block from a block
with one or lesser number of partitions. For example, a single motion vector of a
macroblock is transcoded to a macroblock with multiple partitions each containing a
motion vector in the outgoing video. A parent motion vector is first derived by using
motion vectors in the incoming video and the already derived motion vectors of other
blocks as initial potential motion vectors and applying the techniques describe in the
present specification. The children motion vectors in the partitions are subsequently

derived from this parent motion vector.

[0062] The invention may also be applied to finding the motion vector in a partition that
contains more than one motion vector, for example, in a B frame, wherein one macroblock
contains two motion vectors. Other applications of the technique would be recognized by

one who is of ordinary skill in the art.

[0063] After the initial motion vectors have been inserted into the list, the list will be
analyzed. This analysis usually involves motion refinement of each selected motion vector
within the list. The embodiment of the invention used in the analysis techniques described in
the following paragraph should not be limited to the application described in the present

specification.

[0064] Fast motion refinement involves searching for motion vector from an initial motion
vector, and moving it along a path of greatest descent while calculating the coding cost of
using the motion vector, until a final motion vector with lowest coding cost as compared to

its neighbors is reached.

[0065] When multiple initial motion vectors are used for motion refinement, every motion
vector that is near or in the path of a motion refinement for the previous initial motion vector
need not be tested, as motion refinement for these motion vectors will most probably give the
same result. In one embodiment of the invention, for each motion refinement, a region
surrounding the path from an initial motion vector to the refined final motion vector is
formed during motion refinement for the motion vector, and any other initial motion vectors
that are contained within the region can be eliminated. This is done so as to get a balance
between eliminating those redundant motion vectors to reduce computation cost required for

their subsequent refinement and yet retaining the initial motion vectors that are possible to
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lead to an optimal result. This process will be referred to as redundant motion vector
elimination. The redundant motion vector elimination can be performed whenever a motion
refinement is used, and it is possible that multiple motion refinement processes are performed
when analyzing the list of initial motion vectors. Thus, for latter motion vectors in the list, it
is possible that two or more regions are tested against for elimination. For each process of
motion refinement, the redundant motion vector elimination can further reduce the number of
motion vectors in the list. This reduces the number of motion refinement processes

subsequently utilized, thereby saving substantial processing and /or computational cost.

[0066] Testing a motion vector against every possible position around the path of motion
refinement can be computationally intensive. In another embodiment of the invention, a
region used for redundant motion elimination can be formed by a rectangular window
bounded by the initial motion vector used and final motion vector obtained from motion
refinement. Thus during a motion refinement, the initial motion vector and the final motion
vectors are recorded, and the other initial motion vector candidates that are within the region
containing the initial motion vector and the final motion vector, or the path from the initial
motion vector to the final motion vector during motion refinement are eliminated from the
list, or they are not being analyzed. This technique effectively removes some of the motion

vectors pointed to similar direction in the first few iterations.

[0067] Using a single rectangular window region for motion vector elimination increases
the chance of eliminating the good initial motion vectors, which leads to the optimal motion
vector, if the area of the window is large. In yet another embodiment, the region used for
redundant motion elimination can be formed by multiple rectangular windows along the path
for motion refinement. For example, a new window can be formed every time the number of
steps with which the motion vector was altered during motion refinement exceeds a certain
threshold. Thus multiple windows will be formed if the distance between the initial motion
vector and final motion vector is large, which aggregately covers the path between the initial
motion vector and the final motion vector. On the other hand, increasing the number of
windows increases the processing required to analyze and eliminate the appropriate initial
motion vectors in the list. In a particular embodiment, only a single rectangular window is
used. In other embodiments multiple regions are used, and in some embodiments, the
position or the size of the region is adaptively changed based on latter refinements or

positioning of motion vectors.
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[0068] An example embodiment of the present invention is given with reference to FIG. 1A
and FIG. 1B. With reference to FIG. 1A four motion vectors A, B, C, D indicated by 1000,
1010, 1020, 1030 respectively are extracted from four different blocks and they are used as
the initial motion vectors and motion vector D is used first for analysis. The four different
blocks are next to each other for illustration purpose. In some cases, they might not be next
to each other and can reside in different frame segments. With reference to FIG. 1B, the
motion vector D indicated by 1130 is used for refinement to obtain the refined motioh vector
D' as indicated by 1135. A window region as indicated by 1010 is formed from the
coordinates of initial motion vector D and refined motion vector D'. The motion vectors A
and B as indicated by 1100 and 1110 respectively fall within the window, and they are thus
eliminated from the list of initial motion vectors, leaving only C as indicated by 1120 as the

initial motion vector used for the next refinement.

[0069] An embodiment of the redundant motion vector elimination process using a
rectangular window is shown with reference to FIG. 4. The process starts in step 4000. In
step 4005, all the motion vectors in the list L of initial motion vectors are marked as not
analyzed. The current motion vector mv,,, with the value (x.,, yc,r) is then extracted in step
4010 and used as the initial motion vector for motion refinement in step 4015. The final
motion vector mvyg, with value (xs,, ys,) is obtained after the motion refinement is extracted in
step 4020. In a preferred embodiment, fast motion estimation techniques such as a diamond
search can be used. One of ordinary skill in the art would recognize other motion estimation
techniques can also be used. The Window [, -Xmawo Ymin-Vmed 18 then generated from the value
of Xur, Yeurs Xin @and ys,. The simplest way to generate the window is by direct assignment,
such that Xz = Min(Xcur,, Xfin)s Xmax. = DX Xcur,, Xfin)s Ymin. = MINWeur,, Yfin)s Ymax. = MAX(Yeur,
¥1in), where the function max(i,/) denotes the greater of either 7 or j, while the function min(i,5)
denotes the lesser of either i or j. Another way to generate the window is to assign X =
MiN(Xeyr,, Xfin) = Gy Xmax- = MAX(Xeur,, Xin) T @y Ymin. = MINVewr,, Yin) = D, Yimax- = MAXYeur, Yfin) + b,

where g and b are constant.

[0070] The process then enters a loop to examine each unanalyzed motion vector within the
list L. The loop begins with step 4040 that extract a motion vector mv; = (xr, yz) that has not
been analyzed from list L. This is followed by decision 4050, where the coordinate (xz, yr) is
then compared to the window formulated in step 4030. This decision involves determining
whether Xmin < X1 < Xmax, a0d Yyin < Y < Ymax. If this is the case, the motion vector mvy is

removed from list L in step 4065 before continuing to decision 4070. If this is not the case,
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the process continues to step 4060 which marks mv; as an analyzed motion vector. This is
continued to decision 4070 which determines if list L is empty. If list L is empty, the process
ends in step 4090. If list L is not empty, the process continues in decision 4080, which
determines whether all motion vectors in list L have been analyzed. If this is not the case, the
process continues in the loop, and control is passed back to step 4040 to extract a new
unanalyzed motion vector and assigned it as mv;. If all initial motion vectors in the list L

have been analyzed, the process ended in step 4090.

[0071] It is beneficial to reduce the computation cycle of the encoding while this reduction
does not degrade the compression performance. One way to achieve this is to reduce the
number of initial motion vector for motion refinement. The initial motion vector candidates
can be eliminated if they are less probable to refine to one optimal motion vector than the
current refined optimal motion vector. To allow this, the coding cost of each initial motion
vector can be compared against the coding cost of the initial motion vector which possibly
gives the optimal refined motion vector. If the coding cost of an initial motion vector is
found to be smaller than the coding cost of the initial motion vector which leads to the
optimal refined motion vector, motion refinement is then performed for the initial motion
vector. Otherwise the refinement process is terminated early, and the initial motion vector
will be ignored. In one embodiment, the sum-of-absolute-difference (SAD) between the
luminance partition of a block and a partition in a reference frame pointed to by its respective
motion vector. A more accurate but also more complex measurement of the cost is the rate-
distortion coding cost of using the motion vector, which involves the SAD value as described
earlier and the number of bits used to code the motion vector. Depending on if cycles
consumed in processing, quality or bits produced in the output are more important in an
application these factors will be weighted accordingly. An example of the early termination
for motion refinement is explained with reference to FIG. 2A, FIG. 2B and FIG. 2C. FIG. 2A
shows four motion vectors, E, F, G and F, indicated by 2000, 2010, 2020 and 2030
respectively, extracted from four different blocks. The four different blocks are next to each
other for illustration purpose. In some cases, they might not be next to each other and can
reside in different frame segments. FIG. 2B shows the initial motion vectors, E, F, G and H
as indicated by 2100, 2110, 2120, 2130 respectively and their respective refined motion
vectors, E', F', G' and H' as indicated by 2105, 2115, 2125 and 2135 respectively after a
motion refinement is performed for each of the motion vector. The respective coding costs in

terms of SAD values are illustrated with reference to FIG. 2C, with the coding cost of the
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initial motion vector shows in table 2210 and the coding cost of respective final refined
motion vector shows in table 2220. In the case when early termination is applied to refine the
motion vector motion vectors E, F, G and H in sequence, initial coding cost of E is first
recorded, and since it gives the only final motion vector. For the next initial motion vector,
F, its coding cost (SADk) is found to be larger than SADg. Motion refinement is not
performed and it is ignored. For the subsequent initial motion vector G, its coding cost
(SADg) is found to be smaller than SADg. Motion refinement is performed and the coding
cost SADg of its refined motion vector G' is found to be smaller than SADg. The coding cost
of its initial motion vector, SADg, is then replaced SADg as the testing criteria. Finally,
coding cost of motion vector H is compared, and it is found to be larger than SADg. Thus,

motion refinement is not performed on motion vector H.

[0072] While there is no guarantee that the initial motion vector with a high coding cost
will not result in the refined motion vector with minimal coding cost, the technique is a way
to reduce the number of motion vectors to be analyzed so as to reduce computation, or
optimize against a performance measure such as bits produced, while reducing the probability
of sacrificing a potentially good motion vector. Initial motion vector with low coding cost
have a higher probability of getting a final refined motion vector with a low coding cost. On
the other hand, initial motion vector with a higher coding cost have a lower probability of
getting a refined motion vector with very low coding cost. If it does so, it is probable that
multiple SAD comparisons are required to refine it from high coding cost to final refined
motion vector with very low coding cost. The early termination technique thus reduces
computation by using initial motion vectors more likely to be optimal with low coding cost,
and reduce the number of SAD comparison that is required for refining a motion vector with

very high comparative coding cost.

[0073] One embodiment of the early termination process is described with reference to
FIG. 5. The process starts in step 5000. In step 5010, a current motion vector mv,,, is
extracted from the list L of initial motion vectors. Following step 5010, the minimum coding
cost, SAD,;,, and the coding cost SAD,, of the initial motion vector used for early termination,
is assigned as the coding cost SAD.,, of the current motion vector mv,,, in step 5030. A loop
is then entered to analyze each motion vector within the list L. The loop begins in decision
5040, to determine if SAD,,, is more than SAD,,. If this is not the case, the process skips the
motion refinement step for motion vector mv,,, and processed to step 5100 to remove mv,,,

from list L. If SAD,,, is less than SAD,;, the process continues in step 5050 to perform motion
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refinement using mv,,, as the initial motion vector. In one embodiment, the motion
refinement utilizes diamond search technique for fast motion re-estimation. In another
embodiment, the motion refinement uses the redundant motion vector elimination technique
describes with reference to FIG. 4. After motion refinement, the final coding cost SADy, is
recorded in step 5060 from the coding cost of mvy, generated in step 5050. The process
continues in decision 5070, to determine if SADp, is smaller than SAD,,,. If this is false, the
process continues in step 5100. Otherwise, control is given to step 5080, in which the motion
vector mvy; with the minimum coding cost is assigned as the mvj, and its respective coding
cost SAD,;, is assigned as SADg,. In addition, the minimum initial motion vector coding cost
SAD.,, used for early termination is recorded as the coding cost SAD,,, of the current motion
vector used for motion refinement. The process then continues in step 5100 in which mv,,, is
removed from the list of initial motion vectors L. The process then continues in decision
5110. Decision 5110 determines whether list L is empty. If L is empty, the process breaks
out of the loop and ends in step 5140. Otherwise the process continues in the loop and
control is passed back to step 5120 to further extract an analyzed motion vector and assigned
it as mv,,, for analysis. This is followed by step 5130 where SAD,,, is assigned as the coding

cost of mv.,,. The process continues in the loop and control is passed to step 5040.

[0074] Redundant motion vector elimination can be combined with an early termination
technique to further reduce the computational cycles required to determine the optimal
motion vector. In a specific embodiment, each motion vector in the list is analyzed in first-in
first-out order. When a motion vector is being analyzed, the coding cost of using the initial
motion vector is first obtained, and an early termination of the process pertaining to the
motion vector is performed by comparing this coding cost to the coding cost of the initial
motion vectors that lead to the most optimal motion vector of the previously analyzed motion
vectors. If the coding cost is found to be smaller, the motion refinement process is
performed. After the motion refinement, the current optimal motion vector is updated only if
the final motion vector is found to be optimal, that is, the coding cost of the final motion
vector is smaller than the coding cost of the optimal motion vector recorded so far. In
addition, redundant motion vector elimination is performed by forming a window from the
information gathered during the motion refinement and eliminating those initial motion
vectors in the list which lie within the window. The process is then repeated for those initial

motion vectors that remain in the list.
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[0075] The motion vectors can be obtained from the decoded incoming video stream in the
case of transcoding, or previously encoded blocks, in the case of video encoding or re-
encoding during transcoding. In the case of transcoding, a single block can be composed of
several partitions with different sizes, as allowed in the case of H.264 or AVC video coding
standards. In this case, each partition can be predicted from different segments of the
reference frame, or even different reference frames, with each partition having its respective
motion vector. During the transcoding, the median motion vector of a block from the
decoding frame is transferred, to be use as the first initial motion vector for refinement during
the re-encoding. In the case where the partition within a block is not of similar size, a typical
technique is to split the large partition into numerous partitions with a size of the smallest

partition within the block, and duplicates the motion vectors for this partition.

[0076] A non-weighted technique for finding motion vector from partition of equal size is
then used, although the use of the weighted algorithm with equal weights is still applicable (it
might, however, use some additional small amount of computation). In the non-weighted
technique, each component (x and y) of the motion vectors is sorted to determine the median
value for that component. The two components are then joined together to form the median
motion vector. In hardware processing, where computation resource is limited, sorting can be
expensive, especially when a large number of motion vectors are generated when the smallest
partition is several times smaller than the largest partition within the block. In this case, the
large partition is broken into many equal size blocks, and the x and y componenfs of the
motion vectors of the smaller partition with equal size are sorted separately to obtain the
median x and median y value. The two components are then combined to form a median

motion vector.

[0077] The non-weighted technique can be applied to find a median motion vector within a
macroblock, which is defined in many video standards as 16x16 pixels. In this case, its
partition can be an 8x8 pixel block within the macroblock. Partitions can also be of sizes
such as 16x8, 8x16, 8x4, 4x8, 4x4, and the like. The non-weighted technique can be applied
to finding a median motion vector within a block of a macroblock, a block being defined in

many video standards as 8x8 pixels. Its partitions can be of sizes 8x4, 4x8 and 4x4.

[0078] A less computationally intensive technique for estimating median motion is
disclosed with reference to FIG. 6A. In this case, the size of the partition which the motion

vector is associated with is used in finding the median motion vector. The process begins in
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step 6000. Decision 6010 checks whether all the partition in the block are the same size. If
this is the case, a non-weighted technique to extract the median motion vector can be applied
in step 6120 before the process terminates at step 6130. One technique includes separating
the x component and the y component into two lists separately, and sorting them in the
respective list. The median motion vector is then formed by selecting the x and y component
from the respective list. If at least one partition in the block does not have the same size as
the rest of the partitions in the block, the technique to determine the median motion vector of
unequal partition size is used. If decision 6010 determines that not all partitions in the block
have the same size, the process continues in step 6125, whereby the median motion vector is
generated by a fast technique, as is further explained with reference to FIG. 6B.

Subsequently, the process terminates in step 6130.

[0079] The fast technique for estimating median motion vector shown as step 6125 with
reference to FIG. 6A is illustrated with reference to FIG. 6B. The process begins in step 6015
and continues to step 6020 to assign weight w; to each motion vector mv; = (x;, y;) in a block
according to its partition size, that is, the weight can be equal to the area which the partition
occupied. Step 6020 through 6110 describes a process for generating the median motion
vector using the partition size for sorting, with step 6030 through to step 6060 describes a
process for generating the x component of the median motion vector and step 6070 through to
step 6100 describes a process for generating the y component of the median motion vector. A
tuple (x;, w;) is then formed from x component of mv; and associated weight w; of each
partition i in step 6030, and all the tuples are then appended to a list 7;. In step 6040, the list
is sorted according to the value of x. Following step 6040, the value of w; in each tuple is
added up sequentially until its value is just greater than N/2, where N is the sum of all weights
in the partition in step 6050, and the tuple in this point is selected. The x component of the
selected tuple assigned as the x component X,4i0n 0f the median motion vector in step 6060.
The process continues to extract y component of the median motion vector. A tuple (y;, w;) is
then formed from y component of mv; and associated weight w; of each partition i in step
6070, and all the tuples are then appended to a list 7,. In step 6080, the list is sorted
according to the value of y. Following step 6080, the value of w; in each tuple is added up
sequentially until its value is just greater than N/2 in step 6090, where N is the sum of all
weights in the partition, and the tuple in this point is selected. The y component of the

selected tuple assigned as the y component y,eq:4, 0f the median motion vector in step 6100.
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In step 6110, the mVpeqiqn is created by combining Xpmeqiqn obtained from step 6060 and ymegian

obtained from step 6100. Finally, the process ends in step 6135.

[0080] The performance of a preferred embodiment showed a result in a form of rate
distortion graph is shown in FIG. 14 and execution time in FIG. 15. The rate distortion graph
demonstrates the relative performance of the encoding or transcoding technique by plotting
the distortion in the form of peak signal to noise ratio (PSNR) against the bitrate of the
encoded or transcoded video, and its implication should be familiar to those skilled in the art.
Here, the average result of the implementation of one of the embodiment for transcoding the
H.264 bitstream to H.263 bitstream, known as H.264 to H.263 transcoder here, is compared
against the result of the full search tandem transcoding. The full search tandem transcoding
is achieved by decoding the H.264 bitstream using standard H.264 decoder to full frame and
re-encode the frame using standard H.263 encoder, using full search motion vector
estimation, which is considered to be one of the most accurate but most expensive operations
for motion estimation. The H.264 to H.263 transcoder is constructed by decoding H.264
bitstream and re-encoding it using H.263 transcoder with motion re-estimation technique
implemented in accordance with the all the techniques described in invention in the ordinary
mode. The two techniques are applied on the same set of test data, and the rate distortion
result is averaged and is plotted in FIG. 14. The figure shows that the rate distortion
performance of the H.264 to H.263 transcoder is close to that of the full search transcoding.

[0081] For execution speed evaluation, the experiment is performed on TI 320C64x DSP
using a QCIF sequence with 149 frames assuming a frame rate of 10fps. The execution cycle
illustrated with reference to FIG. 15 shows that the H.264 to H.263 transcoding using the
invention is faster than that of the transcoding using full search motion estimation with 32x32

search range for the same sequence by a factor of 2.4.
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WHAT IS CLAIMED IS:

1. A method of removing a motion vector from a group of motion vectors
used in an encoding process;

providing a list of motion vectors;

selecting an initial motion vector from the list of motion vectors;

providing an intermediate motion vector using a motion vector refinement
process, the motion vector refinement process using, in part, the initial motion vector;

forming a region defined by one or more parameters associated with the initial
motion vector and one or more parameters associated with the intermediate motion vector;

selecting an additional motion vector from the list of motion vectors;

determining that the additional motion vector points into the region; and

modifying a state of the additional motion vector.

2. The method of claim 1 wherein the encoding process comprises a
transcoding process.
3. The method of claim 2 wherein at least one motion vector from the list

of motion vectors is retrieved from a video bitstream input into the transcoding process.

4, The method of claim 1 wherein at least one motion vector from the list

of motion vectors has been already encoded in another part of the encoding process.

5. The method of claim 1 wherein providing a list of motion vectors

comprises obtaining a motion vector from at least one of a decoder or an encoder.

6. The method of claim 1 further comprising ordering the list of motion

vectors to provide an ordered list.

7. The method of claim 1 wherein forming a region comprises forming a
rectangular region having a first corner associated with the initial motion vector and a second

corner associated with the intermediate motion vector.

8. The method of claim 1 wherein the region comprises a path passing
from an area associated with the initial motion vector to an area associated with the

intermediate motion vector.
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9. The method of claim 8 wherein the path is associated with the motion

vector refinement process.

10.  The method of claim 1 wherein the one or more parameters associated

with the initial motion vector comprise components of the initial motion vector.

11.  The method of claim 1 wherein the one or more parameters associated

with the intermediate motion vector comprise components of the intermediate motion vector.

12.  The method of claim 1 wherein the motion vector refinement process

comprises a motion estimation process operating in a window smaller than a frame.

13. The method of claim 1 wherein modifying a state comprises removing

the additional motion vector from the list of motion vectors.

14.  The method of claim 1 wherein modifying a state comprises an

indication that motion refinement will not be performed on the additional motion vector.

15.  The method of claim 1 further comprising forming a second region

defined by one or more parameters associated with a further motion vector.

16.  The method of claim 1 further comprising modifying an extent of the

region.

17.  The method of claim 16 wherein modifying the extent of the region is

associated with a further motion vector refinement process.

18. A method of selecting a motion vector adapted for use in an encoding
process, the method comprising:

a) providing a list of motion vectors;

b) selecting a first motion vector from the list of motion vectors;

¢) determining a first coding cost associated with the first motion vector;

d) defining a minimum coding cost based on the first coding cost;

e) selecting another motion vector from the list of motion vectors;

f) determining another coding cost associated with the another motion vector;

g) if the another coding cost is less than the first coding cost:
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providing a refined motion vector using a motion vector refinement
process as a function of the another motion vector;

determining a refined coding cost associated with the refined motion

vector;
if the refined coding cost is less than the minimum coding cost:

updating the minimum coding cost based on the refined coding
cost;

updating the first coding cost based on the another coding cost;
and

providing a temporary motion vector based on the refined
motion vector;

h) repeating steps e) through g) for other motion vectors in the list of motion
vectors; and

selecting an encoding motion vector for use in the encoding process.

19.  The method of claim 18 wherein the encoding process comprises a
transcoding process.
20.  The method of claim 18 wherein the coding cost associated with the

first motion vector, the another coding cost, and the refined coding cost comprise a sum of

absolute differences.

21.  The method of claim 18 wherein determining a first coding cost

comprises defining the first coding cost as equal to the first coding cost.

22.  The method of claim 18 wherein defining a minimum coding cost
based on the first coding cost comprises defining the minimum coding cost as equal to the

first coding cost.

23.  The method of claim 18 wherein updating the minimum coding cost
based on the refined coding cost comprises setting the minimum coding cost equal to the

refined coding cost.

24.  The method of claim 18 wherein updating the first coding cost based
on the refined coding cost comprises setting the first coding cost equal to the refined coding

cost.
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25.  The method of claim 18 wherein providing the temporary motion
vector based on the refined motion vector comprises setting the temporary motion vector to

the refined motion vector.

26.  The method of claim 18 wherein providing the temporary motion
vector based on the refined motion vector comprises a further motion vector refinement

process.

27. The method of claim 18 wherein at least one motion vector from the

list of motion vectors is retrieved from a video bitstream input into the transcoding process.

28. The method of claim 18 wherein at least one motion vector from the

list of motion vectors has been already encoded in another part of the encoding process.

29.  The method of claim 18 wherein the encoding motion vector comprises

the temporary motion vector.

30.  The method of claim 18 further comprising:
removing one or more motion vectors from a group of motion vectors used in

the encoding process.

31.  The method of claim 30 wherein removing one or more motion vectors
comprises:

forming a region defined by one or more parameters associated with a second
motion vector;

determining that the another motion vector points into the region; and

“skipping steps f) and g) in association with the another motion vector.

32. A method of computing a motion vector for a block having a plurality
of partitions, the method comprising:

receiving a list of motion vectors, each of the motion vectors in the list of
motion vectors being associated with one of the plurality of partitions;

assigning a weight for each of the plurality of partitions;

extracting a first component from each of the motion vectors to provide a first

list;
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associating the weight for each of the plurality of partitions with the first
component;

sorting the first list based on the first component;

summing the weight for each of the plurality of partitions to compute a total
value; |

summing the weight for each of the plurality of partitions associated with the
first component until a first component sum is greater than or equal to a fraction of the total
value;

determining a first component value; and

computing the motion vector as a function of the first component value.

33.  The method of claim 32 further comprising:
extracting a second component from each of the motion vectors to provide a

second list;

associating the weight for each of the plurality of partitions with the second
component;

sorting the second list based on the second component;

summing the weight for each of the plurality of partitions associated with the
second component until a second component sum is greater than or equal to a fraction of the
total value; and

determining a second component value, wherein the motion vector is

computed as a function of the first component value and the second component value.

34. The method of claim 33 wherein the first list and the second list are

provided as a single list.
35.  The method of claim 32 wherein the block comprises a macroblock.

36.  The method of claim 32 wherein the block is 16 pixels wide and 16
pixels high.

37.  The method of claim 36 wherein the plurality of partitions have pixel
dimensions selected from the group consisting of 4x4, 8x4,4x8, 8x8, 16x8, and 8x16.

38.  The method of claim 36 wherein the block is 8 pixels wide and 8 pixels
high.
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39.  The method of claim 38 wherein the plurality of partitions have pixel

dimensions selected from the group consisting of 4x4, 8x4,and 4x8.

40.  The method of claim 32 wherein sorting the first list based on the first

component comprises ordering the list on a value of the first component.

41.  The method of claim 32 wherein the weight for each of the plurality of

partitions comprises an area occupied by each of the plurality of partitions.

42.  The method of claim 32 wherein the fraction comprises half the total

value.

43.  The method of claim 32 wherein the total value is precomputed.
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