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(57) Abstract: A method of adaptiveiy encoding and de-
coding frames of video data is disclosed. Luma and chro-
ma colour components of each frame of video data are di-
vided into macroblocks, wherein each macroblock com-
prises at least one block. At least two candidate coding
schemes are provided for each macroblock. A first candi-
date coding scheme applies a motion vector for each block
in the luma component of the data to all luma and chroma
components of the data. A first rate-distortion cost measure
is calculated for the first candidate coding scheme that is
representative of both the distortion of the original video
data introduced by the first coding scheme and the bit rate
required to support the first coding scheme. A second can-
didate coding scheme applies a motion vector to each
block of a luma component of the data and further applies
a separate motion vector for each block in a chroma com-
ponent of the data. A second rate-distortion cost measure is
then calculated for the second candidate coding scheme
that is representative of both the distortion of the original
data introduced by the second coding scheme and the bit
rate required to support the second coding scheme. For
each macroblock, the candidate coding scheme with the
lowest rate-distortion cost measure is then selected. The
coding scheme is therefore advantageously adapted in ac-
cordance with bit rate and distortion requirements.
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Encoding and Decoding Videe Data Using Motion Vectors
Field of the invention

The present invention relates to enhanced coding and decoding of video by improved

represeniation of motion.
Background to the Invention

The video coding standards like ISO/EC 11172-2 {(also known as MPEG-1 video},
ISO/IEC 13818-2 (also known as MPEG-2 video or H.262), ISO/IEC 14496-2 (also
known as MPEG-4 part-2 or H.263) and ISO/IEC 14496-10 (also known as MPEG-4
AVC or H.264 and described in H.246/MPEG-4 part-10 AVC: ITU-T H.264 and
ISOAEC 14496-10) have achieved great success in the market places.

The MPEG-1 standard has been used by millions of VCD boxes worldwide; the
MPEG-2 video standard formed foundations for DVD and digital television
applications; the MPEG-4 part-2 technology has been picked up by many mobile phone
applications; and the state of the art video coding standard H.264/MPEG-4 part-
10/AVC provided a new generation video compression technology for HD-DVD and

HD digital television broadcast as well as the current video conferencing deployment.

Motion Compensation (MC} is a key technology in video compression. Video
sequernces consist of a sequence of frames or pictures. For adjacent pictures, there
usually are similarities; therefore, some region in the current picture can be predicted
reasonably well from some regions in the previous pictures. By doing so, part of the
video information in the current picture can be made redundant and, in turn, video
compression can be achieved. The position of the video data from the previous picture
used to predict the particular region in the current picture is shifted in both vertical and
horizontal directions in order to compensate for the motion occurring in the scene;

hence the term motion compensated prediction or simply motion compensation. In
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motion-compensation, the indication of the region in the previous picture is done by
indicating a horizontal offset “x” and a vertical offset “y”. A combined offset (X, y) is

called a motion vector (MV).

Motion vectors (MVs) are usually associated with video data of different block sizes.
The typical block sizes used in video coding are: 16x16, 16x8, 8x16, 8x8, 8x4, 4x8,
4x4. Larger block sizes have also been considered and are currently being investigated,

particularly for use with large video picture sizes.

In all the above-mentioned existing video compression technologies, which are
primarily targeting 4:2:0 video data format, the luma motion vectors are used for the
luma sample prediction as well as chroma sample prediction. Usually video data
consisis of three components at one time mnstance. These components can be RGB (red,
green, bluey or YCbCr (YUV). In YUV format, the Y component is called the luma
plane and the U and V components are called the chroma planes. For 4:2:0 YUV
format, 4 luma samples are joined by one U sample and one V sample at 2x2 pixel
locations. For 4:4:4 YUV video data format, a single luma sample is joined by one U
sample and one V sample at the same pixel location. Thus, in 4:4:4 video data format,

all three colour planes will have an equal amount of video samples.

A video coding standard specification defines the decoding process. In the existing
MPEG video standards, the motion vector for motion compensation is shared between
the colour components {typically luma, describing the luminance or brightness of the
image and two chroma components, describing the colour characteristics). Usually the
motion vectors are derived based on the properties of the luma component, but joint
motion estimation schemes, utilising all the components at the same time are also used.
In either case, however, only one motion vector is sent in the bitstream for all colour

components of a given block.

In the MPEG-4 AVC standard, there are two profiles for 4:4:4 video data format. In

the so-called “common mode” profile. the chroma samples are encoded jomntly with the
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luma samples by using the luma motion vector for chroma samples. In another profile,
sometimes referred to as the “independent mode” profile, the three colour components
are coded separately and each component, mcluding the two chroma components, has
1ts own motion vector completely independent from each other. This is described for
example in the paper “On Separate Color-Plane Prediction for Direct 4:4:4 Video
Coding” by Sekiguchi et al i Proceedings on 2006 IEEE Conference on Image
Processing, ISBN 1-4244-0481-9.

Figure 1 illustrates the MPEG-4 AVC encoding and decoding process. The
components and processes shown in Figure 1 are conventional and well-known to the
person skilled in the art, and therefore these components and processes wiil not be

described here.

In US patent 6,272,179, a video coding system is described, where, m addition to the
image data, the information about shapes of the visible objects is also transmitted. The
system incorporates the sending of separate motion vectors for the shape data coding in
order to improve the efficiency of the coding of the shapes, which are claimed to have
different properties in this respect from image data. In order to make the coding of the
shape motion vectors more efficient, their values are first predicted from the

corresponding image data motion vectors and only the differences are encoded.

The previous codecs suffer from a number of problems, however. In particular,
previous codecs sometimes do not provide sufficiently good prediction for the chroma

components resulting in suboptimal performance.

Furthermore, a significant amount of information needs to be introduced into the
bistream to define the motion vectors used to encode the video data. For example, in
some video codecs, such as MPEG-4 AVC, the motion vectors can point nto different
previous pictures. For this reason, it is necessary to indicate the reference frame index
if a motion vector is specified. In addition, as noted above, motion vectors can be

associated with blocks of different block sizes, so information defining the block size
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also needs to be transmitted.
Summary of the Invention

According to the present invention, there is provided a method of processing video data
comprismg frames of at least first and second colour component data to generate
encoded video data, the method comprising:

dividing frames of the first colour component data mte macroblocks, each
macroblock comprising one or more blocks;

dividing frames of the second colour component data into macroblocks, each
macroblock comprising one or more blocks;

generating motion vectors for the blocks of the first colour component data
using at least the first colour component data and generating additional, different
motion vectors for the blocks of the second colour component data using at least the
second colour component data so as to generate motion vectors that are different for the
first and second colour component data; and

generating encoded data using the generated motion vectors,

wherein, for each macroblock, the methed includes:

calculating a first cost measure for performing a first type of encoding
comprising encoding the macroblock video data in both the first colour component and
the second colour component using the motion vector(s) generated for the blocks of the
first colour component data alone, the cost measure comprising a function of the
number of bits in the encoded data and a measure of distortion mtroduced by encoding
the video data using the first type of encoding;

calculating a second cost measure for performing a second type of encoding
comprising encoding the macroblock video data in the first colour component using the
motion vectors generated for the blocks of the first colour component data and
encoding the macroblock video data in the second colour component using the
additional, different motion vectors generated for the blocks of the second colour

component data, the cost measure comprising a function of the number of bits in the
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encoded data and & measure of distortion introduced by encoding the video data using
the second type of encoding;

comparing the first cost measure and the second cost measure to generate a
comparison result; and

selecting between the first type of encoding and the second type of encoding in

dependence upon the comparison result.

The present invention alse provides a method of decoding encoded frames of video
data, the method comprising:

receiving a bitstream comprising video data having frames of at least first and
second colour components divided into macroblocks, each macroblock comprising one
or more blocks encoded using at least one motion vector, and motion vector
information defining, for each macroblock, whether the video data of the second colour
component block(s} therein is encoded using motion vector(s) of the first colour
component or different motion vector(s) of the second colour component,

adaptively decoding the encoded video data in accordance with the motion
vector information such that, for each macroblock:

cach biock of the first colour component data is decoded by calculating a
motion vector for the block using previously decoded data of the first colour
component and decoding the video data of the block using the calculated motion vector
of the first colour component;

when the motion vector information defines the encoding of the second colour
component as encoding using motion vector(s} of the first colour component, each
block of the second colour component is decoded by calculating a motion vector for the
block using previously decoded data of the first colour component and decoding the
video data of the block using the calculated motion vecior of the first colour
component; and

when the motion vector information defines the encoding of the second colour
component as encoding using different motion vector(s} of the second colour
component, each block of the second colour component is decoded by calculating a

different motion vector using previously decoded data of the second colour component,
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and decoding the video data of the block using the calculated different motion vector of

the second colour component.

In an embodiment, the previousiy decoded data used to calculate the motion
vector for a block when the motion vector information defines the encoding of the
second colour component as encoding using motion vector(s) of the first colour
component is different from the previously decoded data used to calculate the motion
vector for & block when the motion vector information defines the encoding of the
second colour component as encoding using motion vector(s} of the second colour

component.

The present invention also provides a method of decoding encoded frames of video
data, the method comprising:

receiving a bistream comprising frames of at least first and second colour
components divided into macroblocks, each macroblock comprising one or more
blocks, and motion vectors for the blocks such that, for some of the macroblocks, the
motion vectors comprise motion vectors for blocks of the first colour component alone
and, for other macroblocks, the motion vectors comprise motion vectors for biocks of
the first colour component and different motion vectors for blocks of the second colour
component; and

adaptivelv decoding each encoded macroblock of video data in accordance with
the motion vector(s} thereof such that:

when the macroblock has motion vector(s) for blocks of the first colour
component alone, the decoding is performed by decoding the video data of both the
first colour component and the second colour component using the motion vector(s) for
blocks of the first colour component alone; and

when the macroblock has motion vectors for blocks of the first colour
component and different motion vectors for blocks of the second colour component, the
decoding is performed using the motion vector(s) for blocks of the first colour

component to decode the video data of the first colour component and using the
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different motion vector(s) for blocks of the second colour component to decode the

video data of the second colour component.

The present invention also provides a video data encoder operable to process
macroblocks of video data, each macroblock having data of a first colour component
and data of a second colour component, comprising:

a motion vector calculator operabie to calculate a motion vector for each block
of a macroblock in the first colour component data, and operable to calculate a different
motion vector for each block of a macroblock in the second colour component data;

a cost calculator operable to calenlate for a macroblock:

- a first encoding cost measure in dependence upon the number of bits
resulting from performing a first type of encoding comprising encoding the first
and second colour component data of the macroblock using one or more of the
motion vectors for blocks of only the first colour component data and a measure
of the distortion of the video data resulting from performmg the first type of
encoding;

- a second encoding cost measure in dependence upon the number of bits
resulting from performing a second type of encoding comprising encoding the
first colour component data of the macroblock using one or more of the motion
vectors for blocks of the first colour component data and encoding the second
colour component data of the macroblock using one or more of the different
maotion vectors for blocks of the second colour component data, and a measure
of distortion of the video data resuiting from performing the second type of
encoding;

a selector operable to select between the first type of encoding and the second

type of encoding in dependence upon the first and second encoding cost measures.

The present invention also provides a video data decoder, comprising:
a receiver opergble to receive a bitstream comprising frames of at least first and
second colour components divided into regions and encoded such that, for each region,

the first colour component data is encoded using at Jeast one motion vector generated
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from the first colour component data, and the second colour component data is encoded
using at least one motion vector generated from the first colour component data or at
least one different motion vector generated from the second colour component data, the
receiver being further operable to receive information for each region defining whether
the second colour component data is encoded using at least one motion vector
generated from the first colour component data or at least one different motion vector
generated from the second colour component data; and

a decoder operable to decode the encoded video data for each region adaptively
such that:

the first colour component data is decoded by calculating at least one motion
vector for the region using previously decoded data of the first colour component and
decoding the video data of the region using the calculated motion vector(s) of the first
colour component;

when the information defines the encoding of the second colour component as
encoding using motion vector(s) of the first colour component, the second colour
component data is decoded by calculating at least one motion vector for the region
using previously decoded data of the first colour component and decoding the video
data of the region using the calculated motion vector(s) of the first colour component,
and

when the information defines the encoding of the second colour component as
encoding using different motion vector(s) of the second colour component, the second
colour component data is decoded by calculating at least one different motion vector
for the region using previously decoded data of the second colour component and
decoding the video data of the region using the calculated different motion vector(s) of

the second colour component.

The present invention also provides a video data decoder, comprising:

a receiver operable to receive bistream comprising frames of at least first and
second colour components divided into macroblocks, each macroblock comprising one
or more blocks, and motion vectors for the blocks such that, for some of the

macrobiocks, the motion vectors comprise motion vectors for blocks of the first colour
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component alone and, for other macroblocks, the motion vectors comprise motion
vectors for blocks of the frst colour component and different motion vectors for blocks
of the second colour component; and

a decoder operable to adaptively decode each encoded macroblock of video data
i accordance with the motion vector(s) thereof such that:

when a macroblock has motion vector{s) for blocks of the first colour
component alone, the decoding is performed by decoding the video data of both the
first colour component and the second colour component using the motion vector(s) for
blocks of the first colour component alone; and

when a macroblock has motion vectors for blocks of the first colour component
and different motion vectors for blocks of the second colour component, the decoding
is performed using the motion vector(s) for blocks of the first colour component to
decode the video data of the first colour component and using the different motion
vector{s) for blocks of the second colour component to decode the video data of the

second colour component.

The present invention also provides an apparatus operable to encode video data for a
region of a frame, the video data having first, second and third colour components and
the apparatus comprising:

an encoder operabie to perform:

a first type of encoding in which the data of the first, second and third colour
components 1s encoded using at least one motion vector determined from the data of
the first colour component; and

a second type of encoding i which the data of the first colour component is
encoded using at Jeast one motion vector determined from the data of the first colour
component, the data of the second colour component is encoded using at least one
different motion vector determined from the data of the second colour component, and
the data of the third colour component is encoded using at least one motion vector
determined from the data of the second colour component or at least one different

motion vector determined from the data of the third colour component; and
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a selector operable to select between the first type of encoding and the second
type of encoding in dependence upon a number of bits resulting from performing the
first type of encoding, & number of bits resulting from performing the second type of
encoding, a distortion of the video data resulting from performing the first type of
encoding, and a distortion of the video data resulting from performing the second type

of encoding.

The present mvention also provides a computer-readable medium having computer-
readable instructions stored thereon that, if executed by a computer, cause the computer

to perform the processing operations of a method as set out above.

The present invention also provides a signal carrying computer program instructions
which, if executed by a computer, cause the computer fo perform the processing

operations of a method as set out above.

An embodiment of the invention allows the video encoder and decoder to use
independent motion vectors for all the colour components in an adaptive way, so that
the additional motion vectors are only sent when they improve motion-compensated
prediction sufficiently to justify the additional bitrate used, otherwise, the motion

vector for the luma component is used for the chroma components.

An embodiment of the invention provides video coding which achieves improved
compression performance by adaptively providing additional motion vectors for the
chroma components of the video frame based on the improvement they provide in

predicting the current frame.
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Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which like reference numbers

designate like components and processes, and in which:
Figure I is a block diagram of a conventional MPEG-4 AVC encoder and decoder;

Figure 2 iliustrates a block diagram of apparatus components and processes for
calculation of independent chroma motion vectors in an embodiment of the present

invention;

Figure 3 illustrates a block diagram of apparatus components and processes for
selection of motion vectors using rate-distortion optimisation in an embodiment of the

present invention;

Figure 4 is a flow chart summansing the encoding operations performed by the first

embodiment for first and second colour component data;

Figure 5 is a flow chart summarising the decoding operations performed by the first

embodiment for first and second colour component data;

Figure 6 illustrates how the search range for chroma component motion vectors is
constrained using a iarget and L-shaped template in an embodiment of the present

mvention.

Figure 7 is a flow chart summarising the decoding operations performed by a second

embodiment for first and second colour component data; and

Figure 8 shows an example processing apparatus for performing the processing

operations of an embodiment.
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Embodiments of the Invention

The embodiments set out below may comprise hardware, sofiware or a combination of

hardware and software to perform the described processes.

For example, one or more dedicated hardware circuits could be provided to perform the

encoding and decoding processing operations described below.

Alternatively, an embodiment may be attained by suppiying programming instructions
to a programmable processing apparatus. For example, referring to Figure 8,
computer-rezdable instructions may be supplied to a programmable processing
apparatus 100 as data stored on a data storage medium 105 {such as an optical CD
ROM, semiconductor ROM, magnetic recording medium, eic.), and/or as a signal 167
(for example an electrical or optical signal} input to the programmable processing
apparatus, for example from a remote database, by transmission over a communication

network such as the Internet or by transmussion through the atmosphere.

The apparatus 100 comprises conventional elements of a data processing apparatus,
which are well-known to the skilled person, such that a detailed description is not
necessary. In brief, the apparatus 100 of Fig. 8 comprises an input data interface 103
for recelving the computer program instructions as weil as video data to be encoded or
decoded. A processing system is provided, for example, by a CPU 109, a random
access memory 111, and a read-only memory 113, which are connected by a bus 115,
The CPU 109 controls the overall operation. The RAM 111 is a working memory used
by the CPU 109 to execute programs and control the ROM 104, which stores the
programs and other data. The resulis of the processing, for example comprising

encoded video data or decoded video data, are output by output interface 117,
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First Embodiment

Embodiments of the present invention improve the performance of video coding by
providing motion vector information for all colour components of the video when it is
justified by the mmprovement in motion compensated prediction gquality for these

components.

This approach can be used for video data with any colour sampling format (including
the 4:2:0 format, which 1s currently the most popular for consumer applications) but it
is particularly beneficial when chroma components are sampled with relatively high

density (such as the 4:4:4 format).

The changes in the overall encoding process when the independent chroma motion
vector miode 15 1 operation compared to a state of the art codec are highlighted in

Figure 2.

For the signalling of the independent chroma motion vectors ingide the video bitstream,
the present embodiment allows separate motion vectors for the chroma components to
be sent in addition to the usual luma component motion vectors. In order to achieve the
optimal trade-off between improved prediction quality and overhead resulting from the
sending of the additional informafion (such as motion vectors, reference picture
indexes and macroblock partitioning Information) necessary for the separate motion
compensation for chroma components, the benefit from the use of this additional
information is evaluated in the encoder and the additional information is only sent

when the overhead can be justified by the reduction in the prediction error.

In the following, the first embodiment of the invention is described, followed by
additional embodiments corresponding to different requirements and constraints. The
colour space components are referred to as Y, U, and V but the invention s equally
applicabie to any colour space with at least 2 colour components. For example, the
invention 1s applicable to R,G,B colour space, in which the G component would be

used in place of the luma component n the processing described below,



10

15

25

30

WO 2010/106100 PCT/EP2010/053455
14

The motion estimation and compensation processes remain similar as in the case when
a single motion vector is used for all components. The main difference in the motion
estimation is that a chroma motion vector calculator 60 is provided to perform an
additional motion estimnation process for the chroma components, and an RDO module
70 is provided to perform a rate distortion optimised (RD{) selection process to
determine whether video data encoded using the luma motion vectors alone or video
data encoded using the luma motion vectors and the separate chroma motion vectors

should be transmuitted.

In order io reduce computational complexity and improve the correlation between
motion vectors for more efficient entropy coding, the value of the optimum luma
motion vector from the luma motion vector caiculator 50 is used by the chroma motion

vector caleulator 60 to initialise the motion vector search for the chroma components.

. The motion compensation process differs from the state of the art approach in that the

separate chroma motion vector is recovered from the bitstream. Once the chroma
mofion vector is obtained, it is used in the same way as for the case of a joint motion

vector,

The present embodiment provides signalling of additional information necessary for
separate chroma motion compensation, such that the additional information can be

recovered and utilised i the decoder,

The signalling of the chroma motion information comprises additional syntax elements
in the bitstream at several levels. At the sequence level (in sequence parameter set)
and/or at the picture level (in picture parameter set) it is specified that the independent
chroma motion vectors are enabled. If there are two chroma components, say U and V,
the present embodiment also indicates whether there are an independent U motion
vector and independent ¥V motion vector, or whether only one chroma motion vector

which will be shared by the U and V components.
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The signalling 1s designed in such a way that further indication of the reference picture
mdex and the block partition message for the chroma components is avoided;
specifically, the reference picture index and the block partition information for the

luma 18 re-used and un-changed for the chroma for the same block.

The signalling of the independent chroma motion vectors is achieved by a flag set at
the macroblock level, denoted as “IndeChromaMotionVector”, When this flag is “17,
the additional chroma motion vector is sent w1 the bitstream; when it is “0”, no
additional chroma motion vector is used and the scheme automatically falls back to the

luma-only motion vector scheme of the conventional video codec.

Tables 1, 2 and 3 below show an example of a specific syntax used in the present
embodiment for the additional signalling described above, using the conventions
defined in the MPEG-4 AVC standard. It will, of course, be understood that other

signalling syntaxes could be used instead.

Table 1 shows the changes to the MPEG-4 AVC macroblock layer syntax performed
for the signaliing of the IndeChromaMotionVector flag. In Table 2, the modified
syntax for the signalling of the chroma motion vector differences is given. in Table 3,
the modified syntax for the signatling of the chroma U and V motion vector differences

is given.

Table 1: The signalling of the IndeChromalMetion Vector flag

macroblock laver( ) { C | Descriptor
I ( stice_type !=1) IndeChromaMotionVector 2 | uelvyiaelv)
mb_type 2 ue(v) fae(v) |

if{mb type==1 PCM } {
while( 'byte aligned(} )

Pem_alignment zere bit 2|
for( i=0;1 <256 * ChromaFormatFactor; i++)
Pcm_byte{ i } 2 u(8}
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I MbPartPredMode{ mb_type, 0) = Intra 4xd &&
MbPartPredMode! mb_type, 0 ) = Intra_l6x16 &&
NumMbPart{ mb_type ) == 4)
sub_mb_pred{ mb_type ) 2
Else
mb_pred{ mb_type ) 2
i
i
[
H
Tabte 2: The modified syntax on signalling the chroma MVD
§ mb_pred{ mb_tvpe } { C | Descriptor
iff MbPartPredMode( mb_type, ) == Intra_4x4 ||
MbPartPredMode( mb_type, 0 ) == Intra_16x16} {
| else iff MbPartPredMode{ mb_type, 0} 1= Direct } {
for( mbPartldx = {; mbPartldx < NumMbPari{ mb_fype ); mbPartldx++)
H{{ num_vef idx [0 active_minusl > 0 ||
mb_field decoding flag } &&
MbPartPredMode( mb_type, mbPartldx } = Pred_L1)
ref idx 0] mbPartidx | 2| te(v) | ae(v)

for{ mbPartidx = 0, mbPartldx < NumMbPart( mb_type }; mbPartldx++}

i (num_ref idx 11 active_minugl > § ||
mb_field decoding flag } &&
MbPartPredMode{ mb_type, moPartidx } 1= Pred 10)

ref_jdx i mbPartidx }

b

te(vy | ae{v)

for( mbPartldx = 0, mbPartldx < NumMbPart{ mb_type ); mbPartidx++)

if{ MbPartPredMode { mb_type, mbPartidx ) = Pred 1.1)

Tor( compldx = 0; compldx < 2; compldx++ )

mvd 0] mbPartidx 1 0 }{ compldx }

[\

se{v}iae{v}

for( mbPartldx = ¢, mbPartldx < NumMbPart{ mb_type ); m’bPartIdx:-wL}

if({ MbPartPredMode( mb_type, mbPartldx ) = Pred 1O}

for{ compldx = 07 complds < 2; compldx+—+ )

mvd H{ mbPartldx } G ]| compidx }

se{vy | ae(v)

If (IndeChromaMV == 1} {

for( mbPartidx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)
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ifl MbPartPredMode { mb_type, mbPartldx ) = Pred _L1)

[

se(v) iae(v}

for( compldx = 0; compldx < 2; compldx++)

Chroma_wvd_10] mbPartldx J{ O | compléx ]

for{ mbPartldx = 0; mbPartldx < NumMbPart( mb_fype }; mbPartldx-++)

: se{vy|ae(v)

1

iff MbPartPredMode( mb_fype, mbPartldx } = Pred_L0)

for{ compldx = 0, compldx < 2; compldx++)

Chroma mvd 11 mbPartidx }f 0 I compldx ]
i

[

Table 3: The modified syntax on signalling the chroma U and V MVD

! .
! Descriptor

Intra_4x4 |

mb_pred( mb_type } {
0}
0)

iff MbPartPredMode( mb_type, 0} ==
== Intra_16x16) {

MbPartPredMode( mb_type,

1 else if{ MbPartPredMode( mb_type, 0) 1= Direct ) {
for( mbPartidx = 0; mbPartldx < NumMbPart{ mb_type ); mbPartkdx++)

i {num_ref idx 10_active minusl >0 1}
mb_field decoding flag ) &&
MbPartPredMode( mb_fype, mbPartldx ) = Pred L1}

B2

ta{v}iae(v)

ref_idx H{ mbPartldx |

for{ mbPartldx = 0; mbPartldx < NumMbPart{ mb_type ); mbPartidx++)

iff ( nium_ref idx 1! active minusl > 0 i}
mb_field decoding_flag } &&
MbPartPredMode( mb_type, mbPartldx )} = Pred 10)

o)

te{v) | as{v)

ref idx 11] mbPartidx |

for( mbPartidx = 0: mbPartldx < NumMbPart{ mb_type ); mbPartidx+-+)

21 se{v)|ae(v)

ifl MbPartPredMode { mb_type, mbPartldx j = Pred _L.1)

for( compldx = 0; compldx < 2; compldxt-+ )

mvd [ mbPartldx [[ 0 ]| compldx |

f(;r( mbPartldx = (; mbPartldx < NumMbPart( mb_type ); mbPartldx-++}

ifl MbPartPredMode! mb_type, mbPartldx ) = Pred_LO )

2 1 se(v)ae(v)

for{ compldx = 0 compldx < 2; compldx++ )

mvd_11{ mbPartidx ][ 0 |{ compldx ]

If (iIndeChromaMV == [} {
for( mbPartldx = 0; mbPartldx < NumMbPart{ mb_type ); mbPartidx++)
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T MbPartPredMode { mb_type, mbPartldx ) != Pred L1 )

for{ compldx = O; compldx < 2; compidx+-+ )

Chroma_U_mvd 0] mbPartidx 1] 0 }{ compldx ] b2 se(vylae(v)

for{ mbPartidyx = 0; mbPartldx < NumMbPart{ mb_type ); mbPartidx++)

il MbPartPredMode! mb_type, mbPartidx } = Pred 1.0)

for( compldx = ¢, compldx < 2; compldz++)

Chroma U mvd 1] mbPartldx 1] 0 } compidx

2

sedv) | as{v)

for{ mbPartldx = ¢; mbPartidx < NumMbPart{ mb_type ), mbPartldx++)

H{ MbPartPredMode { mb_type, mbPartldx ) = Pred_L1)}

for{ compldx = §; compldx < 2; compidx++ )

b2

Chroma_V_mvd | mbPartidx }{ ¢ }| compldx | se({v} ] as(v)

for{ mbPartldx = 0; mbPartidx < NumMbPart{ mb_type ); mbPartldx++)

H{ MbPartPredMode( mb_type, mbPartldx } 1= Pred_1L0)

for( compldx = {; compldx < 2; compldx++ }

Chroma_V_mvd_11] mbPartldx 1{ 0 H compldx | P21 se{v)iaelvy

When the independent chroma motion vectors are used, they are sent in a simular way
as the luma motion vector differences. However, a difference 1s that the chroma motion
vector differences, which are denoted as chroma mvd 10, chroma_mvd 1,
chroma_ U _mvd 10, chroma U _mvd 11, chroma_V_mvd 10 and chroma_V_mvd_il in
Tables 2 and 3, are calculated against the corresponding luma motion vectors for the
same block. The chroma motion vector differences are calculated by using chroma
motion vector minus luma motion vector directly in this case. In other variations, for
indication of the independent chroma motion vector, the chroma motion vector
difference {sometimes called the offset) is calculated by using chroma motion vector
minus a motion vector predictor value; this predictor value can be associated with the

luma motion vector or other relevant chroma motion vectors.

The most appropriate coding mode for each macroblock and the most appropriate set of
motion vectors for each block are selected by RDO meodule 70 using a rate distortion

optimised process. For every single candidate set of motion vectors, the complete
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encoding 1s conducted. With measuring the distortion and the bits i consumption, the
one with the smallest cost function value will be selected to go through the final
coding. Figure 3 shows the components and functions for performing selection using

rate~distortion optimisation in the present embodiment.

Referrmg to Figure 3, all the candidate motion vectors pass through the rafe distortion

ophimization in a parallel fashion. Thus, multiple coding paths co-exist.

The luma motion vector caleulator 50 calculates a motion vector for each block in a
macroblock using only the luma component. The chroma metion vecior calculator 60
calculates, for the same macroblock, a separate motion vector for each block m the U
chroma component and a separate motion vector for each block i the V chroma
commponent. Decoded data for the macroblock is received and delayed by the frame
buffer 30. The residual calculator 100 then performs a residual calculation for the
macroblock in a conventional way. The motion vectors for the luma component, the U
chroma component and the V chroma component are then passed to the encoder 110,

which encodes the macroblock using:

- only the luma motion vector(s) to encode each of the luma data, the U chroma
data and the V chroma date;

-~ the luma motion vector{s) to encode the luma data, and one chroma motion
vector to encode both the U chroma data and the V chroma data; and

- the luma motion vector{s) to encode the luma data, the U chroma motion
vector(s) to encode the U chroma data and the V chroma motion vector(s) to

encode the V chroma data.

The resulting encoded data from each of the three types of encoding above is then
passed to the decoder 120, where the data is decoded. In addition, the encoded data
from all three types of encoding processes is passed to the bit counter 130, which

determines the number of bits in each set of encoded data for the current macroblock.
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The original video data for the macroblock is passed to the distortion calculator 140,
together with the decoded data for each of the three separate types of encoding
produced by the decoder 120. The distortion calculator compares the original video
data with the decoded video data for each of the three separate types of encoding and
caiculates a respective distortion measure of the vides data resulting from performing
encoding and decoding in accordance with each of the three different encoding

processes described above, namely encoding with:

L]

only the luma motion vector(s) for each of the luma data, the U chroma data and

the V chroma data;

- the Twma motion vector(s) for the luma data, and one chroma motion vector for
both the U chroma data and the V chroma data; and

- the luma motion vector(s) for the luma data, the U chroma motion vector(s) for

the U chroma data and the V chroma motion vector{s) for the V chroma data.

Based upon the distortion measure for each type of encoding and the bit count for each
type of encoding, MV selector 150 selects one type of encoded data as the encoded
data to be transmitted. More particularly, MV selector 150 calculates a respective rate-

distortion cost for each type of encoding in accordance with the following function:

J=D+iR (1

where .J is the calculated cost, D 1s the distortion introduced by ceding and decoding, A
comprises Lagrangian parameters, and R is the number of bits in the encoded signal

and is thus representative of the transmission bit rate.

This method 1s based on the principie of jointly minimizing both distortion [J and rate
R using an equation with a form in equation (1}. The Lagrangian Parameters (/1) play a

role to balance the relationship between D and R.
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MV selector 150 then selects the type of encoding having the smallest calculated cost J

as the type of encoding to be used for transmithing the current macroblock.

Thus, in the present embodiment, a cost J will be calculated for every set of motion
vector combinations for the macroblock {some of them only with luma motion vectors
and some of them with both luma motion vectors and chroma motion vectors). This
means there are a number of Js. The smallest J is chosen for the real coding path, Each
set of the motion vectors may involve different block partitions (say, formed with a
single 16x16 block size in luma, or formed by 4 8x8 block size, for luma, etc.).
However, frrespective of the block partitioning, the J will be calculated for the
complete macroblock as a whole. In more detail, for a case involving a 4 8x8 block size
(luma}, the present embodiment calculates 4 “sub” Js (each of them for one 8x8 block)

and then adds them together for a single J for that 16x16 macroblock.
Figures 4 and 5 summarise the encoding and decoding processing operations,
respectively, that are performed i the first embodiment for first and second colour

component data.

Fariarions of the First Embodiment

In the following, variations in the details of the first embodiment are described, in

particular for indication of the independent chroma motion vector,

In a first variation, the motion vector search performed by the chroma motion vector
calculator 60 for the chroma components is started from a predictor obtained in the
same way as a predictor for the entropy coding of the motion vector difference in
MPEG-4 AVC standard, but using the neighbouring chroma motion vectors instead of
luma motion vectors, In a further variation, when a separate chroma motion vector 18
used, for the V component, the search for this motion vector is started from the

optimum motion vector for the U component.
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In a second variation, the information about the reference picture index and macrobiock
partitioning and sub-partitioning are adaptively indicated for each macroblock, They
are only coded, when the additional overhead is justified by the corresponding
improvement in the prediction quality using the rate~distortion eptimisation process as
outhimed above. In order to minimise the additional overhead, the presence of the
additional reference picture index and macroblock partitioning information are
signalled using additional entropy-coded flags. The reference picture indexes are
encoded as the difference from the luma reference picture mdexes, Similarly, the
macroblock partitioning nformation for the chroma components is encoded with

reference to the luma component.

In a third variation, the additional motion information is adaptively sent separately for
each chroma component. Specifically, if the rate distortion optimised mode decision
process indicates that it 1s beneficial to send any of reference picture index, macroblock
partitioning and/or motion vector mformation separately for each chroma component,
this mformation is inciuded in the bitstream. Instead of having a single flag for both
chroma components, two flags are introduced, each indicating the presence of the
corresponding component motion information. The two indication flags can be encoded
as a combined syntax element or the second flag as a conditional flag to the first flag,
i.e., the first flag will indicate whether the independent chroma motion vector is used or
not: if it 1s not, the second flag will be ignored by the decoder parsing process; if it is
used, then the second flag will indicate whether it is a joint chroma motion vector (for

both U and V) or independent U and V motion vectors.

In a fourth variation, the coding of the chroma motion vector against the predictor is
changed in one of a number of ways. The predictor 1s set as one from a set of
candidates: the luma predictor for the whole macroblock, the chroma motion vector
from neighbouring macroblocks. In another variation, if the motion vectors for both
chroma components are coded, the predictor for the V component is set as the motion

vector of the U component for the same block.
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In a fifth variation, mstead of signalling the set of motion vector predictors in the video
sequence or picture level, the set is locally adapted based on the characteristics of the
neighbouring motion vectors and previously received motion vectors for other
components (luma or U component) for the current block., In ome particular
implementation, the similarity between the luma motion vector for the current block
and the neighbouring block is evaluated. If the similarity is judged 10 be sufficiently
high, the chroma motion vector for the same neighbouring block is used as the

predictor. The sinmlarity can be evaluated by using Euclidean distance and comparing

its value to a predetermined threshold.

Second Embodiment

in the frst embodiment, the motion vector vatues are indicated in the bitstream. The
decoder can then obtain the exact motion vector value through an entropy decoding
process from the bitstream. However, it is possible to design 4 video encoder and
corresponding video decoder i which not all motion vectors need to be sent to the
decoder. In the so-called decoder-side motion vector derivation, the encoder and the
decoder can refrieve the exact motion vectors used at the encoder aveiding any
mismatch between the encoding and the decoding, Such a scheme is described for
conventional luma-only motion vectors in Steffen Kamp, Michael Evertz, Mathias
Wien: Decoder side motion vector derivation for inter frame video coding, ICIP 2008:

1120-1123.

The second embodiment implements a decoder-side motion vector derivation scheme
for the chroma motion vectors of the first embodiment. The second embodiment
therefore avoids the sending of the motion vectors in order to minimise the additional
bitrate necessary for the additional chroma-related information. Instead, a mechanism
is devised whereby the video decoder can follow the same steps as the encoder in order
to establish the value of the additional motion vectors. The details are described below,

with only the differences from the first embodiment included.
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In the second embodiment, the use of the scheme 15 signalled at the sequence level (in
the sequence parameter set) and/or at the picture level (in the picture parameter set).
This includes the signalling of whether the U component and V component share a

common motion vector or use separate motion vectors.

The search range for the motion estimation for the chroma components is limited in
order to hmit the additional computational complexity mtroduced in the decoder. This
embodiment uses 4 integer pel in each search directions. An “L.” shaped set of samples,
selected so that the set comprises only samples that have already been reconstructed by
the decoder, 1s used to locate the best matching motion vector position for chroma

components as illustrated in Figure 6.

In Figure 6, the area marked in light grey colour and noted as Target Size 14 n one
direction represents the current block (size N by N). The dark grey coloured area
having an “L” shape and noted as Template Size M as one of its width represents the
neighbouring regions of the current block. The reason that the “L” shaped template is
used 15 as the follows: while the current block of video data (N by N} is being decoded,
only available video samples, which are close to the current block and have already
been decoded, are within the “L” shape. The decoder-side motion vector derivation can
be completed by doing the following: use the “L” shaped template video data to search
in a reference picture inside a search window which has a fixed search range; then
rather than sending the motion vector values in the bitstreams, the decoder can derive
the same motion vecior by repeating the same process as the one performed in the

encoder.

The decoder performs the motion estimation m exactly the same way as the encoder, so
that it is possible 1o avoid sending any further bits to represent the chroma motion
vecctors. In Figure 6, Target Size N is set by the current block size, normally it is 16, &,
or 4 (it can also be 32 or even 64); the proposed Template Size M can also be changed

from the value of 4 used in the embodiment. In an alternative implementation, both the
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Target Size and Template Size parameters can be signalled at the video sequence or

picture level.

As previously, a flag is used at the macroblock level in the bitstream, denoted as
“IndeChromaMotionVector”, When this flag is set to “17, the propesed independent
chroma motion vector prediction is used; ctherwise the chroma data prediction follows

the luma motion vector as defined m the previous video coding standards,

Several approaches to limiting the computational complexity can be considered,
mmciuding ideas based on previous studies of decoder-side motion vector derivation
which is on luma motion vectors only {as described in Steffen Kamp, Michael Evertz,
Mathias Wien: Decoder side motion vector derivation for inter frame video coding;
ICIP 2008: 1120-1123). The additional possibilities offered by the availability of
chroma motion vectors allow for a more flexible approach. In an alternative
tmplementation utilising this approach, the motion vector search is linuited to only the

previousty decoded motion vectors available in the decoder from the followmg set:

e The chroma motion vectors from surrounding blocks

¢ The luma motion vectors from surrounding blocks

o The luma motion vector from the same block

e For the V component, the U motion vector for the same block, if two separate

chroma motion vectors are used.

In order to further limit the computational complexity, this set can be further reduced
by exciuding predefined categories of motion vectors. In an alternative implementation,
the set of motion vector categories use for prediction is signalled at the video sequence

or picture level,

In an alternative implementation, instead of signalling the set of motion vectors to be
used in the search in the video sequence or picture level, the set 1s Iocally adapted

based on the characteristics of the neighbouring motion vectors and previously received
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motion vectors for other components {luma or U component) for the current block, In
one particular implementation, the similarity between the luma motion vector for the
current block and the neighbouring block is evaluated. If the similarity is judged to be
too low, both the luma and the chroma motion vectors for this neighbourmg block are
excluded from the search. The sinmlarity can be evaluated by using Euclidean distance

and comparing its value to 2 predetermined threshoid.

The decision algorithm for selecting the best motion vector examines all possible
candidates of the independent chroma motion vectors on the bits consumption and the
decoded video guality it will bring. The one chroma metion vector which gives the
best coding efficiency gain will be used i the video encoding. Similarly as above, it is
impossible for the decoder to use the sample values for the current block in the
calculation of prediction error. Therefore the neighbouring samples have to be used in a

similar fashion as illustrated in Figure 6.

Figure 7 summarises the decoding processing operations that are performed in the

second embodiment for first and second colour component data.

Maodifications and Variations

Many modifications and variations can be made to the embodiments described above.

For example, in both embodiments, the motion vectors for the chroma components of a

macroblock are calculated using one of the following techniques:

(a) A joint motion vector for use as the motion vector for both colour components is
calculated using the colour component data of both colour components. In the
embodiments, this is performed by merging the colour component data of both
colour components and then calculating a joint motion vector using the merged

data. However, it could be performed in 2 number of different ways, for example
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by calculating separate motion vectors, each using respective colour component

data, and then merging the motion vectors mic a jomt motion vector,

{b) A motion vecior is calculated for one chroma component (such as the U
component) using only the colour component data for that one chroma
component, and then a separate mofion vector 1s calculated for the other chroma
component (such as the V component} using only the colour component data for

that other chroma component.

In this way, the encoder adaptively encodes the video data for each macroblock using
(i} a luma motion vector alone, (i) 2 luma motion vector and a joint chroma motion
vector calculated using the video data of both chroma components, and (ii1) three
separate motion vectors comprising a respective motion vector for the luma component
and each chroma component, in accordance with the calculated cost for each of these

coding options.

However, as an alternative to (a) above, a motion vector for one chroma component
(such as the U component) could be calculated using only the colour component data
for that one chroma component, and then the calculated motion vector would be used
for that chroma component and, in addition, re-used for the other chroma component
(such as the V component). In this way, the encoder would adaptively encode the
video data for each macroblock using (i) 2 luma motion vector alone, (i) 2 luma
motion vector and one chroma motion vector that is calculated using the data of one
chroma component but used to encode the data of both chroma components and (i11)
three separate motion vectors comprising a respective motion vector for the luma
component and each chroma component, in accordance with the calculated cost for

each of these coding options.

In the embodiments described above, the motion vectors for the luma component are
generated using only the fuma component data. However, instead, the chroma motion

vectors could be calculated first and then used to calculate the luma motion vectors.
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Ini a further modification, the embodiments described above could be arranged {o select
between two types of encoding instead of three types. For example, the embodiments
couid be arranged 1o select for each macroblock between a first type of encoding in
which the video data for the macroblock is encoded using a luma motion vector alone,
and a second type of encoding in which the video data of the macroblock is encoded
using three separate motion vectors comprising a respective motion vector for the luma
and each chroma component, in dependence upon the calculated cost for each of these

two types of encoding.

Other modifications are, of course, possible.
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CLAIMS
L. A method of processing video data comprising frames of at least first and

second colour component data to generate encoded video data, the method comprising:

dividing frames of the first colour component data into macroblocks, each
macroblock comprising one or more blocks;

dividing frames of the second colour component data into macroblocks, each
macroblock comprising one or more blocks;

generating mation vectors for the blocks of the first colour component data
using at least the first colour component data and generating additional motion vectors
for the blocks of the second colour component data using at least the second colour
component data so as to generate independent motion vectors for the first and second
colour component data; and

generating encoded data usmg the generated motion vectors;

wherein, for each macroblocl, the method includes:

calculating a first cost measure for performing a first type of encoding
comprising encoding the macroblock video data in the first colour component and the
second colour component using the motion vector{s) generated for the blocks of the
first colour component data alone, the cost measure comprising 2 function of the
number of bits in the encoded data and a measure of distortion mtroduced by encoding
the video data using the first type of encoding;

calculating a second cost measure for performing a second type of encoding
comprising encoding the macroblock video data in the first colour component using the
motion vectors generated for the blocks of the first colour component data and
encoding the macroblock video data in the second colour component using the
additional motion vectors generated for the blocks of the second colour component
data, the cost measure comprising 2 function of the number of bits in the encoded data
and a measure of distortion introduced by encoding the video data using the second
type of encoding;

comparing the first cost measure and the second cost measure to generate a

comnparison resuli; and
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selecting between the first type of encoding and the second type of encoding in

dependence upon the comparison result.

2. The method of Claim i, wherein:

the video data comprises frames of first, second and third colour components;

the frames of the third colour component data are divided into macroblocks,
each macroblock comprising one or more blocks;

motion vectors are calculated for the blocks of the first colour component data
using at least the first colour component data, separate motion vectors are calculated
for the blocks of the second colour component data using at least the second colour
component data and separate motion vectors are calculated for the blocks of the third
colour component data using at least the third colour component data; and

the encoding for each macroblock is performed by:

calculating a first cost measure for performing a first type of encoding
comprising encoding the macroblock video data in the first, second and third colour
components using the motion vector(s) generated for the blocks of the first colour
component data alone, the cost measure comprising a function of the number of bits in
the encoded data and a measure of distortion introduced by encoding the video data
using the first type of encoding:

caleulating a second cost measure for performing a second type of encoding
comprising encoding the macroblock video data in the first colour component using the
motion vector(s) generated for the blocks of the first colour component data alone and
encoding the macroblock video data in both the second and third colour components
using the motion vector(s) generated for the blocks of the second colour component
data, the cost measure comprising 2 function of the number of bits in the encoded data
and a measure of distortion introduced by encoding the videa data using the second
type of encoding;

caiculating a third cost measure for performing a third type of encoding
comprising encoding the macroblock videc data in the first colour component using the
motion vector(s) generated for the blocks of the first colour component data, encoding

the macroblock video data in the second colour component using the motion vector(s)
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generated for the blocks of the second colour component data and encoding the
macroblock video data m the third colour component using the motion vector(s)
generated for the blocks of the third colour component data, the cost measure
comprising a function of the mumber of bits in the encoded data and a measure of
distortion introduced by encoding the video data using the third tvpe of encoding;

comparing the first, second and third calculated cost measures to generate a
comparison resuit; and

selecting between the first, second and third types of encoding in dependence

upon the comparison result.

3. The method of Claim 1 or Claim 2, wherein the motion vectors for the blocks of
the second colour component are calculated using the motion vectors of the blocks of
the first colour component to initialise searches for the motion vectors of the blocks of

the second colour component.

4. The method of any preceding claim, wherein the first colour component
comprises & luminance component and the second colour component comprises &

chrominance component.

5. The method of any preceding claim, further comprising generating and
transmitting 2 signal defining the encoded video data, the motion vectors used to
encode the video data, block partifion data and reference frame indices for the motion

vectors.,

6. The method of Claim 5, wherein, for each macroblock:

the block partitioning is the same in the first colour component data and the
second colour component data;

each motion vector for a block of the second colour component is calculated
using the same reference frame as the motion vector for the corresponding block of the

first colour component; and
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the signal is generated and transmitied so as fo specify the block partitioning
and the reference frame indices for the motion vectors of one of the colour components

but not the other of the colour components.

7. The method of Claim 5 or Claim 6, wherem:

for cach block of the second colour component data, a difference is calculated
between the motion vector for the block of the second colour component data and a
separate motion vector to generate difference datea; and
the difference data is transmitted m the signal to define the motion vectors of the

second colour component.

8. The method of Claim 7, wherein the separate motion vector comprises the

metion vector for the corresponding block of the first colour component.

9. The method of any preceding claim, wherein the separate motion vectors
calculated for the blocks using the second colour component data are caiculated usmg

both the second colour component data and also third colour component date,

10, A method of decoding encoded frames of video data, the method comprising:

recetving a bitstream comprising video data having frames of at least first and
second colour components divided into macroblocks, each macroblock comprising one
or more blocks encoded using af least one motion vector, and mofion vector
information defining, for each macroblock, whether the video data of the second colour
component block(s} therein is encoded using motion vector(s) of the first colour
component or independent motion vector(s) of the second colour component;

adaptively decoding the encoded video data in accordance with the motion
vector information such that, for each macroblock:

each block of the first colour component data is decoded by calculating a
motion vector for the block using previously decoded dafa of the first colour
component and decoding the video data of the block using the calculated motion vector

of the first colour component;
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when the motion vector information defines the encoding of the second colour
component as encoding using motion vector(s) of the first colour component, each
block of the second colour component is decoded by calculating a motion vector for the
block using previously decoded data of the first colour component and decoding the
video data of the block usmg the calculaied motion vector of the first colour
component; and

when the motion vector information defines the encoding of the second colour
component as encoding using independent motion vector{s) of the second colour
component, each block of the second colour component is decoded by calculating an
independent motion vector using previously decoded data of the second colour
component, and decoding the video data of the block using the calculated mdependent

motion vector of the second colour component.

11. A method of decoding encoded frames of video data, the method comprising:

receiving a bistream comprising frames of at least first and second colour
components divided into macroblocks, each macroblock comprising one or more
blocks, and motion vectors for the blocks such that, for some of the macroblocks, the
motion vectors comprise motion vectors for blocks of the first colour component alone
and, for other macroblocks, the motion vectors comprise motion vectors for blocks of
the first colour component and independent motion vectors for blocks of the second
colour component; and

adaptively decoding each encoded macroblock of video data in accordance with
the motion vector(s) thereof such that:

when the macroblock has motion vector(s) for blocks of the first colour
component alone, the decoding is performed by decoding the video data of both the
first colour component and the second colour component using the motion vector(s) for
hlocks of the first colour component alone; and

when the macroblock has motion vectors for blocks of the first colour
component and independent motion vectors for blocks of the second colour component,
the decoding is performed using the motion vector(s) for blocks of the first colour

component to decode the video data of the first colour component and using the
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mdependent motion vector(s) for blocks of the second colour component to decode the

video data of the second colour component.

12

A video data encoder operable to process macroblocks of video data, each

macroblock having data of a first colour component and data of a second colour

component, COmMprising:

a motion vector calculator (50) operable to calculate a motion vector for each

block of a macroblock m the first colour component data,

a motion vector calculator {60} operable to calculate an independent motion

vector for each block of a macroblock in the second colour component data;

a cost caleulator (120, 130, 140, 150) operable to calculate for a macroblock:

- a first encoding cost measure in dependence upon the number of bits
resulting from performing a first type of encoding comprising encoding the first
and second colour component data of the macroblock using one or more of the
motion vectors for blocks of only the first colour component data and a measure
of the distortion of the video data resulting from performing the first type of
encoding;

- a second encoding cosf measure mn dependence upon the number of bifs
resulting from performing a second type of encoding comprising encoding the
first colour component data of the macroblock using one or more of the motion
vectors for blocks of the first colour component data and encoding the second
colour component data of the macroblock using one or more of the independent
motion vectors for blocks of the second colour component data, and a measure
of distortion of the video data resulting from performing the second type of
encoding;

a selector {150) operable to select between the first type of encoding and the

second type of encoding in dependence upon the first and second encoding cost

Measures.

13.

A video data decoder, comprising:
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a receiver operable to receive a bitstream comprising frames of at least first and
second colour components divided into regions and encoded such that, for each region,
the first colour component data is encoded using at least one motion vector generated
from the first colour component data, and the second colour component data 1s encoded
using at least one motion vector generated from the first colour component data or at
least one independent motion vector generated from the second colour component data,
the recerver being further operable fo receive information for ecach region defining
whether the second colour component data is encoded using at least one motion vector
generated from the first colour compenent data or at least one independent motion
vector generated from the second colour component data; and

a decoder operable to decode the encoded video data for each region adaptively
such that:

the first colour component data is decoded by calculating at least one motion
vector for the region using previously decoded data of the first colour component and
decoding the video data of the region using the calculated motion vector(s} of the first
colour component;

when the information defines the encoding of the second colour component as
encoding using motion vector{s) of the first colour component, the second colour
component data is decoded by calculating at least one motion vector for the region
using previously decoded data of the first colour component and decoding the video
data of the region using the calculated motion vector(s) of the first colour component;
and

when the information defines the encoding of the second colour component as
encoding using independent motion vector(s} of the second colour component, the
second colour component data is decoded by calculating at least one independent
motion vector for the region using previousiy decoded data of the second colour
comnponent and decoding the video data of the region using the calculated mdependent

motion vector(s) of the second colour component.

i4. A video data decoder, comprising:
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a receiver operable to receive bistream comprising frames of at least first and
second colour components divided into macroblocks, each macroblock comprising one
ot mote blocks, and motion vectors for the blocks such that, for some of the
macroblocks, the motion vectors comprise motion vectors for blocks of the first colour
component alone and, for other macroblocks, the motion vectors comprise motion
vectors for blocks of the first colour component and mdependent motion vectors for
blocks of the second colour component; and

a decoder operable to adaptively decode each encoded macroblock of video data
in accordance with the motion vector{s) thereof such that:

when a macroblock has motion vector(s) for blocks of the fust colour
component alone, the decoding i8 performed by decoding the video data of both the
first cotour component and the second colour component using the motion vector(s) for
blocks of the first colour component alone; and

when a macroblock has motion vectors for blocks of the first colour component
and independent motion vectors for blocks of the second colour component, the
decoding is performed using the motion vector(s) for blocks of the first colour
component to decode the video data of the first colour component and using the
independent motion vector(s) for blocks of the second colour component fo decode the

video data of the second colour component.

15, A commputer program product having computer program instructions o program
a programmable processing apparatus to become operable to perform a method as set

out in at least one of Claims 1 1o 11,
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