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Adaptive Motion Estimator

Field of the Inventi

The present invention relates to a method and -apparatus for encoding moving pictures

- sequences. In particular, the present invention relates to a method and apparatus for motion

estimation and motion compensation in a video signal compression system.

Background of the Invention _

Methods for encoding moving pictures or video such as the MPEG1, MPEG2, H.261, and
H.263 standards have been developed for efficient data transmission and storage. A detailed
description of one such encoding method is found in MPEG2 Test Model 5, ISO/IEC
JTC1/SC29/WG11/N0400, April 1993, and the disclosure of that document is hereby
expressly incorporated herein by reference. In the described encoding method, an input video
sequence is organized into a sequence layer, group-of-pictures (GOP), pictures, slices,
macroblocks, and finally block layer. Each picture is coded according to its determined
picture coding type. The picture coding types used include intra-coded picture (i—picture),
predictive-coded picture (P-picture), and bi-directionally predictive-coded picture (B-picture).

Motion estimation/compensation, transform coding, and ‘statistical coding are utilized to
efficiently compress the input video sequence. For example in MPEG2 Test Model 5, each
picture from the input video sequence is partitioned into rows of smaller and non-overlapping
macroblocks of picture elements (pixels). Macroblocks in each row may be grouped into one
or more slices. The compression is performed on each macroblock on a row-by-row basis
starting from the leftmost macroblock to the rightmost macroblock, and the top row to the

bottomn row.

In the motion estimation/compensation method, motion vectors are detected for each
macroblock in a picture. The coding mode for a macroblock (e.g. intra-coded, forward-
predicted, backward-predicted, or interpolated) is decided based on the detected motion
vectors and the determined picture éoding type. The utilized motion vectors are differentiaily
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coded with variable length codes before outputting.

A typical motion vector detection process comprises determining, for each macroblock to be
coded, a search window consisting of pixels from a reference picture and matching pixel

5 values of the macroblocks to blocks of pixel values obtained from the search window.  This
process is known to be computétionally intensive. Particularly, the size of the search window
has a direct impact to the computation load.

Manyj methods of matching the pixel blocks are available, such as an exhaustive séarch

10 method which compares every definable block within the search window, a logarithmic search

. methqd, a hierarchial search, and various other possible derivations. Depending on

application requirements, a search method may be selected based on its performance in terms
of accuracy and computation complexity.

15 To cater for sequences with large object movements between pictures, methods. exist .to
increase the search range without enlarging the search window. These methods typically.

| incorporate some form of prediction into the motion vectors, based on certain assumptions, |

to prgvide greater accuracy motion vectors for picture sequences with large movements

without a large increase in computation load. One such method is the telescopic search

20 method in which the motion vectors of macroblocks from a previously coded or matched
picture are used to generate a new search window for each current macroblock. The
telescopic search method comprises the steps of obtaining a motion vector from a co-sited
macroblock from a closest coded picture; optional scaling of the obtained motion vector
accorﬁjng- to the picture distances between the reference picture, the closest coded picture, and

25 the ct_irrent picture; and defining the search window based on the centre position of the current

macroblock plus an offset defined by the scaled motion vector.

Alternate methods of determining search windows are disclosed in United States Patents
5,473,379 and 5,657,087, for example. The methods disclosed therein comprise the steps

30 of calculating a global motion vector based on the motion vectors of a previous picture, and
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offsetting search windows of all macroblocks by the calculated global motion vector. The
global motion vector may be determined by the mean or the median function, or by the most
common motion vector of the previous picture; it can be further normalized according to the
picture distances. The calculated global mqv_:ion vector may then represent a global

translational motion of objects from one picture to the other.

There are also hybrid motion estimators which combine both full search and hierarchicat
search to take advantage of the accuracy of full search and wide coverage of hierarchical
search under a certain hardware limitation. For example, US Patent 5,731,850 discloses a
system in which either full search or hierarchical search is chosen based on the search range
imposed on various picture types. A full search is chosen if the search range assigned to that

picture is below a certain threshold, else a hierarchical search is chosen.

Current arts use a fixed search range and one set of search windows for the various picture
types in encoding a moving sequence, which fails to address the pfoblem of varying motion
characteristics within a moving sequence. A sequence may consist of segments with different
characteristics: one segment may consist of slow moving objects with stationary backgmund;
another may consist of fast moving objects with stationary background, yet another with fast
moving objects and background, and many other combinations. With such complex motion
characteﬁsﬁcs, having a ﬁxed search range for individual picture types is inefficient as it over
services during the slow moving segments while under servicing fast moving segments. This
results in non-uniform motion estimator performance and inefficient bit allocation to coding
the motion vectors. All these factors will lower the géneral performance of the encoder and

also result in non-uniform output bitstreams quality.

Motion estimators of the type discloséd in US Patent 5,731,850 can use a hybrid of full
search and hierarchical search to take advantage of the accuracy of full search and wide
coverage of hierarchical search, buf the search range is still pre-aSsigned and does not take
account of the possible different motion characteristics of a moving sequence. Thus, this

form of metion estimator will not have a good adaptability to moving sequences with large
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motion variances. The motion estimator therein disclosed is more concerned in offering
trade-off in accuracy and wide coverage given a certain hardware limitation and a pre-

assifgned search range.

Methods unhsmg the global motion vector such as disclosed in the aforemenuoned US Patents
5,473,379 and 5,657,087 may be used to minimise search wmdow cache size as well as the
bandwidth reqmrement from the frame memory while expandmg the actual search range. -
These methods fix the offset of the search window for all macroblocks in a plcture
quever, given that only one global motion vector is used for the offset of all search
win;dows in a picture, the search range expansion works well only with pictures containing
uniform translational motion. Pictures with zooming, rotational motion. sheering effects and
piciures with more than one grcup of translational motions are not well exploited.

Summary of the Invention -

In éccordance with the present invention, there. is provided a niethod for irnproved data block

manchmg in a moving pxcmres encoder for encodmg a sequence of plctures each compnsmg

a plurahty of data blocks, comprising the steps of: _
processing at least a picture in the sequence to obtain block motion vectors for the data

blocks therein with respect to a reference picture;

_' generating a plurality of global motion vectors for the picture, each global motion
vector being generated from a plurahty of block motion vectors from a respective group of
related blocks in the picture;

analysmg the global motion vectors to determine a metric representmg a distribution
pattern thereof _

selecting a motion estimation scheme from amongst a plurality of motion estimation
scpemes, for data block matching of at least one subsequent picture in the sequence; and

| performing data block matching of aﬁ least one subseé;hent picfure in the sequence
us:ing the selected motioﬁ estimation scheme, said global motion Vect_ors Iand preselected

search window characteristics.

30
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The present invention also provides a moving pictures encoder for encoding a sequence of
pictures each comprising a plurality of data blocks, including an adaptive data block matching
apparatus comprising:

a global motion estimator coupled to receive block motion vectors for data blocks of
a previously processed picture with respect to a reference picture for generating a plurality
of global motion vectors for the picture, each global motion vector being generated from a
plurality of block motion vectors from a respective group of related blocks in the picture;

a motion characteristics analyser coupled to receive the global motion vectors from
the global motion estimator for analysing the global motion vectors to determine a metric
representing a distribution pattern thereof;

a selector coupled to receive the distribution pattern metric from the motion
characteristics analyser for selecting a motion estimation scheme from amongst a plurality of
motion estimation schemes, for data block matching of at least one subsequent picture in the
sequence; and _

a plurality of motion estimators controlled by said selector and coupled to receive said
global motion vectors for performing data block matching of at least one subsequent picture
in the sequence using the selected motion estimation scheme, said global motion vectors and

preselected search window characteristics.

The present invention also provides a method for encoding moving pictures data from a
sequence of moving pictures in which each picture in the sequence is represented by a
plurality of data blocks corresponding to non-overlapping areas of the picture, the method
comprising:

selecting a group of related data blocks from the plurality of data blocks of a picture;

for each data block in the selected group, obtaining a corresponding block motion
vector from a previously processed picture in the moving pictures sequence;

determining a plurality of global motion vectors for the selected group, each of the
global motion vectors being formed from a plurality of the corresponding block motion
vectors;

analysing the global motion vectors and determining a metric representing a
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dxstnbutlon pattern thereof;
selectmg a motion est:mator scheme on the basis of the dlstnbutxon pattern metric, the
motion estimator scheme being selected from amongst a plurality of motion estimator schemes

 each having a different combination of search strategy and number of global motion vectors;
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_:_performing data block-matching with a reference picture using the selected motion
esﬁm#tm scheme to generate a block motion vector; and
- encoding the picture data including the block motion vectors.

The present invention further provides a method for motion estimation for use in encoding
a picture in a moving pictures sequence wherein data representing the picture in the sequence
compi'ises a plurality of data blocks, the method comprising the steps of:
| selecting a group of related data blocks from the plurality of data blocks of the picture;
_ | ~ for each data block in the selected group, obtaining a corresponding block motion
vector from a previously processed picture in the moving pictures sequence;
- determining a primary global motion vector for the selected group from all of the
correspond.mg block motion vectors; _ :
classifying the block motion vectors from the selected group into a plurality of sub-
grouﬁs;-
determining a plurality of secondary global motion vectors corresponding to the
respective sub-groups from the block motion vectors classified in the respective sub-groups;
and . _ _ _
. selecting the primary and/or at least one of the secondary global motion vectors for
use in defining one or more search windows for each block in the selected group to enable

block matching with a reference picture.

Embodiments of the present invention aim to provide:
' ~ an improved moving sequence encoding method and apparatus containing a motion
estimator which can adaptively determine the motion estimation scheme best suited to the

moving sequence based on the motion characteristics;

wiygne
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an improved moving sequence encoding method or apparatus containing a motion
estimator which can adaptively adjust the search range on the fly to suit the motion
characteristics of the moving sequence; and

an improved moving sequence encoding method or apparatus containing a global

motion estimator with expanded search range and multiple search windows.

A preferred form of the present invention utilises a controller to determine which motion
estimator to use, based on the motion characteristics of the moving sequence to achieve best
output quality under a certain hardware limitation. The types of motion estimator which can
be utilised are various form of global motion estimators that utilise techniques such as full

- search, hierarchical search, telescopic search and group motion vectors prediction. The term

"group” in this context refers to a plurality of macroblocks, for example slice(s), row(s), half-
row etc. The term "motion characteristics” here refers, without limitation, to size of motion
vectors, distribution pattern of motion vectors, statistical data of motion vectors belonging to
each group and relationships between global motion vectors representing each of these groups.
With such a scheme, the search range used can be according to the motion characteristics of -
the moving sequence, for example large search range for fast motion and smail search range -
for slow moving sequence, this will lead to a better allocation of bits between motion vectors
and DCT coding. '

An embodiment of the present invention utilises a global motion estimator which determines
one or more global motion vectors that best represent one or more groups of MBs in a picture
to be coded. The global motion estimator may determine the global motion vectors based on
detected motion vectors from the 'corfesponding group of MBs of a previously processed or
coded picture. Each determined global motion vector provides an offset to all search
windows for all MBs in the group. The global motion vectors better adapt to motion variation
within a picture and expand the effective search range of the ‘motion estimator without
increasing the search window size. Having more than one global motion vector enables cases
of varying clusters of motion within a group to be covered. Of course, more global motion

vectors per group implies increased computation requirements if a similar search window size
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is maintained, or a reduction in search window size if the same computational restrictions are

maintained.

With the determined set of global motion vectors for a picture, a maximum offset vector can
be computed. The maximum offset vector is preferably the maximum of absolute values of
the horizontal and vertical components from the set of global motion vectors. Combining
maxirmum offset vector and the search window size, 2 maximum possible motion vector size
can be determined and therefore the corresponding Variable Length Coding (VLC) tables can
be selected for coding of motion vectors for the picture. Combining this with the ability tb
adapfivel& change the search range/area according to different motion characteristics, the
VLC:tables selected will be optimised for the types of motion in the picture and this optimises
the efficiency of the motion vector coding. |

Brief Description of the Drawings S | -
The-invenﬁon is described in greater detail hereinafter, by way of example_ only, through
description of preferred embodiments thereof and with reference to the accompanying.
drawmgs in which:

- Figure 1 is a functional block diagram of a video encoder with an adaptwe motion
estimator according to one embodiment of the present invention;

Figure 2 is a functional block diagram of an adaptive motion estimator according to
one embodiment of the present invention;

Figure 3 illustrates the outcome of performing a vector quantisation on a group of MB
motion vectors according to one embodiment of the present invention;

Figure 4 illustrates how multiple search windows are defined by globa.l motion
vec_tc;u's within a reference picture according to the present invention;

~ Figure 5 is a flow-chart illustrating a particular example of how a group of motion

vectors may be partitioned into sub-groups, according to one embodiment of the present
invention; and

Figure 6 is a flow-chart illustrating a particular example of the motion characteristics

30 extra;ction, evaluation process for deciding which motion estimator to use, according to one
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embodiment of the present invention.

A picture sequence encoder according to a preferred embodiment of the present invention
encodes each input pictire by determining its picture coding type (I-, P-, B-picture), obtaining
MBs from the picture, subjecting MBs of P-picture or B-picture to a motion vector detection
process (frame and/or field, forward and/or backward) using a global motion estimator,
performing necessary motion compensation (predicted or interpolated) using the detected
motion vectors, and subjecting all MBs to a transform coder followed by a statistical coder.
The motion characteristics of past pictures are then collected and input into a controller to
determine the type of motion estimator to be used for subsequent pictures.

The global motion estimator is updated with MB motion vectors from the past processed
pictures by the adaptive motion estimator. The preceding pictures motion vectors are used
to generate one or more global motion vectors for each group of MBs in a new picture to be
coded based on the type of global motion estimator selected. Generated global motion vectors
are used to offset search windows of all MBs in the corresponding group of MBs. - For the
case of more than one global motion vector, a comparison at MB level is done and the global

motion vector that gives the best result is chosen.

At the end of a picture, a maximum offset vector is determined from all local motion vectors
of the picture. The maximum offset vector is combined with the maximum search window

size to select the VLC tables for coding of motion vectors for the picture.

At the end of one or more pictures, a set of motion characteristics is collected from the MB
vectors supplied by the motion detector, such as size of motion vectors, distribution pattern
of motion vectors, statistical data of motion vectors belonging to each group of MBs and the
relationships between global motion vectors of sub-groups with the same group. These are
used for determining which type of motion estimator is to be used to code the subsequent

pictures(s). The validity period of each decision can be one picture or a plurality of
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picture(s), after which another decision will be made on another picture or plurality of

pictures.

A vidéo encoder with an adaptive motion estimator according to 2 preferred embodiment of
the present invention is illustrated in block diagram form in Figure 1. In the video encoder
as shci)wn, a moving picture sequence is input to a frame buffer 101 for recording and
procesilsing. The moving pictures sequence may be pre-processed in conventional ways before
being|received in the frame buffer 101.

A piciture coding type (I, P or B-picture) is determined according to application needs for
each picture in the input picture sequence. An I-picture is an intra-coded picture used mainly
for raindom access or scene update. P—pictufes use forward motion predictive coding with
referefnce to a previously coded I or P picture (anchor picture), and B-pictures use forward
and backward motion predictive coding with reference to previously coded I and/or P
picturfes. " An input picture sequence may be . either a field or frame structured sequence
comi:ig from an. interiaced or progressive source.

Macr(ixblockscontaining blocks of pixel values are derived from a picture to be coded from
the plcture data stored in the frame buffer 101. The MBs are derived on a row by row basis
stamng from the leftmost MB to the rightmost MB, and the top row to the bottom row. MBs
beloniging to an I-picture are subjected.to a transform coder 105 directly; and MBs belonging
to a._i’-picmre or B-picture are subjected to an adaptive motion estimator 102. It is also
possiible to subject MBs belonging to an I-picture to the adaptive motion estimator 102 for

generfation of error concealment motion vectors such as defined in the MPEG2 standard.

All nfecmsary motion vectors, for example the frame and/or field, forward and/or backward,
and §16x1'6l 16x8/8x8 -motion vectors, for each MB are detected by the adaptive motion
estinflé.tor 102 by matching the MB to candidate blocks obtained from one or more search
windéwws from a reference picture stored in a frame buffer 103. Different matching methods

such as the exhaustive search method, the logarithmic search method, multi-steps or
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hierarchical search method, and search windows sizes and numbers may be utilised depending
on application/implementation needs as well as the type of motion estimator selected within
the adaptive motion estimator 102. Matching methods may also be implemented in various
pixel resolutions, for example integer, half pel or quarter pel resolution. The matching
criterion may be based on minimum of absolute errors, square errors, or other suitable
distortion functions. A detailed description of one form of the adaptive motion estimator 102 -

is presented hereinbelow in connection with Figure 2.

A ﬁoﬁon compensation processor 104 is coupled to the adaptive motion estimator 102. In
motion compensation process 104, a MB coding mode, such as intra-coding, frame/field
forward/ backward prediction, or frame/field interpolation, is first decided for each MB based
on the detected motion vectors from the adaptive motion estimator 102. Necessary prediction
errors are then generated based on the decided MB coding mode. An example of a MB
coding mode decision may be found in the MPEG2 Test Model 5. -

Macroblocks resulting from the motion compensation process 104 are the subjected to a
transform coder 105 which exploits correlétion within each MB and also its psycho-visual
effects. Examples of transform coders may be found in the aforementioned MPEGI,
MPEG2, H.261 and H.263 standards. An embodiment of a transform coder 105 according
to the MPEG2 Test Model 5 consists of a DCT, quantiser rate controller with adaptive
quantisation, inverse quantiser, and inverse DCT. The transformed and quantised coefficients
are inverse quantised and inverse transformed by the transform coder 105 to produce
reconstructed MBs which are passed to the frame buffer 103 for future reference. Necessary
inverse of motion compensaﬁon is also provided to each reconstructed MB by the motion
compensation process 104. Reference pictures formed by the reconstructed MBs are used in
the adaptive motion estimator 102 and motion compensation process 104. In some
applications or coding instances, it is also possible to take input pictures directly as reference

pictures for the adaptive motion estimator 102.

30 A statistical coder 106 is coupled to the transform coder 105, which exploits statistical
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MMies in the received data, and mulitipiexes the results to produce the final compressed
outptfn: bitstreams. As an example in the MPEG2 Test Model 5, the statistical coder 106
provides the zig-zag scanning and run-length encoding of the transformed and quantised
coefticients, differential coding of the utilised motion vectors, and multiplexing of all resuits
and Enecessary side information (e.g.. sequence/GOP/picture/slice/MB layer header
information, picture coding types, MB coding modes, etc.). The statistical coder 106 utilises

varia;ble length codes (VLC) from VLC tables.

A functional block diagram of one form of the adaptive motion estimator 102 is illustrated
in Flgure 2. The adaptive motion estimator of this embodiment has two inputs 208, 209 and

two joutputs 210, 211. Current picture data blocks are supplied to a selector 201 of the

adapftive motion estimator from the frame buffer 101 at input 209. Reference picture data is
proviided from the reference picture frame buffer 103 at inpt_'_xt 209 which is coupled to a
plurzfllity of motion estimators 204, 205, 206 and 207. The selector 201 also receives input'
from a motion characteristics analyser 202. The motion estimators 204, 205, 206, 207 are
controlled by the selector so that a selected one of them p'roduces an output to the motion
vector output 210, which is provided to the motion compensation processor 104 (Figure 1).

The Eoutput motion vector is also fed back to a global motion estimator 203 and to the motion
Mﬁsﬁcs analyser 202. The giobal motion estimator 203 is coupled to provide data to

the motion characteristics analyser and the motion estimators 204, 205, 206, 207. The global

motion estimator 203 also produces a maximum search range output which is provided to the

statistical coder 106 (Figure 1).

The global motion estimator 203 determines one or more global motion vectors for each row
of MBs from an input picture. In this particular embodiment, three global motion vectors are
coniputed: one representing the average motion vector of the whole row, the other two global
moﬁion vectors representing two sub-groups of MBs from the row differentiated by some

motion characteristics. For this embodiment, the two sub-groups are obtained by performing

~ two-level vector quantisation on the MB motion vectors in the row. An example of a two-

30

levél quantisation process is illustrated in flow diagram form in Figure 5.
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Referring to Figure 5 beginning at step 501, firstly a global motion vector gmv is computed
by averaging the MB motion vectors in the current row (step 502). The global motion vector
gmv is then perturbed at step 503 to obtain separate initial values for secondary motion
vectors gmvl and gmv2. The vector quantisation algorithm then enters.an iteration loop
beginning at step 504 whereby the distance of each of the MB motion vectors from gmvI and
gmv2 are being compared to separate the MB motion vectors into two groups, Groupl and
Group2. The secondary motion vectors gmvl and gmv2 are then re-computed from the
motion vectors in the respective new groupl and group2. At step 504 a test is applied to
determine if a preset maximum number of iterations has yet been reached. If the maximum
number of iterations has been reached then the procedure ends at step 511 with the primary
and secondary global motion vectors which have been computed. If the iteration number limit
has not been reached, then the distances between each of the respective macroblock motion
vectors and the secondary global motion vectors gmvI and gmv2 are computed at step 505.
At steps 506, 507 and 508, each of the MB motion vectors is determined to be closer to either
gmvl or gmv2. If the MB motion vector is closer to the current value of gmv] then gmv2
then it is assigned to Groupl, otherwise it is assigngd to Group2. In the next step (509), the
value of gmvl is temporarily preserved in a register prev_gmvl and the value of gmvZ2 is
preserved in prev_gmv2, following which values for the gmv! and gmv2 are recomputed
according to the MB motion vectors allocated to the respectively to Groupl and Group2. The
vector quantisation procedure then carries out another test at step 510 to determine whether
to terminate the iteration loop. The test at step 510 involves a comparison of prev_gmvl with
recomputed gmv] and prev_gmv2 with recomputed gmv2. If the previous and recomputed
values of the secondary global motion vectors are within a small preset tolerance (i.e. the
iteration loop leaves gmv] and gmv2 essentially unchanged) then the procedure ends at step
511 with the computed global motion vectors gmv, gmvl and gmv2. Thus, the process of
di;stance comparison and group reassignment continues until the value of gmvl and gmv2

remains unchanged, or the maximum number of iterations allowed is reached.

An example of a distribution of MB motion vectors is illustrated in Figure 3, for the case of

eight MB motion vectors in a row. In this Figure, plain circles represent the placement of
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individual macroblock motion vectors in the row. The primary global motion vector which
confstitutes the combination of all of the individual MB motion vectors is indicated by the
symbol at 301. The vector quantisation procedure determines two groupings of MB motion
vectors, the first group (Groupl) comprising the motion vectdrs labelled as 304 and the
second group (Group2) being the motion vectors labelled 305. The secondary global motion
vectors gmvl and gmv2 are respective averages of the motion vectors from Group! and
Group2, and are indicated in the Figure at 302 and 303. This Figure.graphically illustrates
the relationships between the eight MB vectors, the global motion vector 301 representing the
whole row @ﬁv), and the two secondary global motion vectors 302 and 303 representing the
'th sub-groups (gmvI and gmv2) are as shown. Note that as an alternative to using vector
avefage, other functions may be used to represent each of the groups, such as a median

fnn’ction, most common vector, etc.

The calculated global motion vectors are used in subsequent picture(s) to offset the search
window(s). This is diagrammatically illustrated in Figure 4 for the case of two glo_bal motion

vectors per row. The first search window for a current MB to be coded is determined from

a reference picture 401 by first determining the position of a co-sited macroblock 402 on the
ref_érence picture 401.. The position of the macroblock 402 is offset according to the first
global motion vector 403 generated for the MB row to which the current MB belongs. This
results in a new offset MB position 404 as illustrated. Then, the horizontal and vertical
search ranges are included, centred around the offset MB position 404, to form the search
window 405 for the current MB. The search window 405 is used for motion vector detection
for the current MB. The same procedure is carried out for the second global motion vector
406 to obtain the offset MB 407 and search window 408. The two best macroblock matching
pMcﬁom obtained from the two search windows are compared and the one giving the best
prediction is chosen, with the corresponding MB motion vector assigned to the current MB.
If only one global motion vector is used (depending on the type of motion estimator chosen),
then the procedure illustrated previously for the first search window is carried out.

30 As mentioned earlier, different matching methods such as the exhaustive search method, the
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logarithmic search method, multi-step or hierarchical search method, and search windows in
different sizes and numbers may be utilised. Referring again to Figure 2, in this embodiment
four different motion estimation schemes are considered, labelled FS_GMVI, FS_GMV2,
HS_GMVI1, and HS_GMV2 in the motion estimator blocks 204, 205, 206 and 207
respectively. All of the motion estimators 204, 205, 206, 207 are coupled to the global
motion estimator 203 to obtain global motion vector(s) to offset the search window, but the
motion estimators differ in terms the type of block-matching technique employed and number
of global motion vectors used. For example, FS_GMVI uses one global motion vector and
an exhaustive search block-matching technique. This technique gives the best accuracy
among the three, but gives the smallest search range/area given the same amount of
computational processing. FS_GMV?2 uses two global motion vector and an exhaustive search
blocking matching technique. This method is useful when there are two groups of motion
within the pictures; it gives more accurate results than HS GMV2 but requires much more
computation (e.g. more hardware) for a meaningful and effective search range. HS GMVI
uses one global motion vector but a hierarchical search block-matching technique followed
by multi-step refinements. This gives a good trade off between accuracy and area of
coverage. Therefore the search range/area can be a few times larger than that of FS_GMVI
(given the same hardware) depending on the amount of sub-sampling done on the picture.
HS_GMV2 uses two global motion vectors and 2 hierarchical search block-matching plus
muiti-step refinement technique. This method gives better performance when there are
significant difference in foreground/background motion.

The selector 201, together with the motion characteristics analyser 202 are responsible for
deéiding which of the schemes is to be used, at picture level, based on the motion
characteristics of past pictures. The motion characteristics analyser 202 is fed with motion
vector information from the global motion estimator 203 and the output of one of the motion
estimators 204 to 207 (depending on which one was selected for the current picture). From
this information, some metrics representing the distribution pattern of motion vectors in the
picture are extracted, such as the distance between each sub-group of motion vectors, the

magnitude of group/sub-group global motion vectors, etc. These metrics are passed to the
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select:o_r 201 for evaluation after which a decision will be made on which motion estimator to

use for subsequent picture(s). In thi# ex_emplary embodiment, only m_ot_ion estimators

f FS_GMV1 (204), HS_GMVI (206) and HS_GMV2 (207) are used. The FS_GMV2 motion

estimator 205 is excluded in this case to keep the hardware size small, it can be included (and

5 will give very good results) if hardware 'i_s e;;pax_l_ded sufficiently for the FS_GMV2 motion
estiniator to have a meaningful and effective search range.

Since correlation of the current picture and pictures in its vicinity is high in the absence of
scene changes, the type of motion estimation scheme selected is often suitable for pictures in

10 the vicinity of the current picture. For this particular embodiment, the assignment scheme
is such that if one of the schemes, say FS_-G_M__VI » is associated with a particular picture (say

. picture N), then those pictures that used global motion vectors derived from picture N will
also use FS_GMVI for the motion vector detection process in adaptive motion estimator 102.

15 One fexar_nple of the motion characteristics analysis, evaluation and motion estimator selection
procbss used in this embodiment is illustrated in flow diagram form in Figure 6, beginning
wzth step 601. The distances of the MB motion vectors from their corresponding- global
moti;)n vectors are first computed and their average value, gmv_var, obtained for the picture
(steg 602). The value of gmv_var is a measure of compactness of the distribution of motion

20 vectors. Note that other metrics that measure the compactness of a group of values can also
be ufsed, for example the variance of MB motion vectors about their global motion vector.
The value of gmv_var is compared to a certain preselected threéhold, threshold!, (step 603)
and if the gmv_var is smaller than threshold] then the motion estimator FS_GMYVI scheme
is selected (step 604). If the value of gmv_var is determined to be larger than threshold] at

25 step; 603 then another metric measuring how far apart two distinct groups of MB vectors in
a row is computed (step 605). This basically divides the MB motion vectors in a row into
twoésub-groups using the two-level vector.quantisation and measuring the distance between -
the two global motion vectors representing the groups. A count of how many rows in the
pictire contain distinctly far apart sub-groups of motion vectors is obtained and compared to

30 ano;her predetermined threshold, threshold3, at step 606. The result of this comparison,
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together with another comparison of gmv_var against a second threshold, threshold2, (step
607) determines whether the strategy HS_GMV]I (step 608) or HS_GMV2 (step 609) will be
selected.

It will be appreciated from the foregoing detailed description that embodiments of the present
invention provide improved methods and apparatus for motion vector detection in a video data
encoder. A motion estimator controller is used to select from among a set of motion
estimators the most suitable one for a segment consisting of one or more pictures. Selection
is based on the motion characteristics of past pictures. The controller is therefore able to
adaptively choose the motion estimator that gives the best trade off in terms of accuracy and
area of coverage, given a certain fixed hardware complexity. All of these features enable
increases in the performance of the encoder, and enable it to provide high accuracy motion
estimation for slow moving sequences while still having the ability to cover fast moving
sequences that require large search range/areas. Embodiments of the invention aiso allow
adaption of the VLC tables to the different search range selected, resulting in a more efficient
bit allocation to the coding of motion vectors. .

Embodiments of the present invention also reduce the computational complexity and improves
the performance of the encoder by using a global motion estimator with multiple search
windows. This enables better prediction of pictures containing not just translational, but also
zooming, sheer and multiple clusters of different foreground/background motion. With a
fixed global motion vector, the hardware (e.g. search window cache) required for a large

search range/area implementation is greatly reduced.

It will be readily understood by those skilled in the art that the invention described herein can
be practically implemented in a number of different ways. For example, the principles of the
invention can be incorporated in an integrated circuit for encoding/decoding video data, in
which case the functions of the invention may be embodied in the circuit design, firmware,
microcode or the like. The invention may just as easily be implemented on general purpose

data processing apparatus, in which case the functions of the invention may be embodied in
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a sequence of computer sofiware instructions.
The foregoing detailed description of the preferred embodiments has been presented by way

of example only, and is not intended to be considered limiting to the scope of the present
5 invention which is defined in the claims appended hereto. o
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1. A method for motion estimation for use in encoding a picture in a moving pictures
sequence wherein data representing the picture in the sequence comprises a plurality of data
blocks, the method comprising the steps of:

selecting a group of related data blocks from the plurality of data blocks of the picture;

for each data block in the selected group, obtaining a corresponding block motion
vector from a previously processed picture in the moving pi'ctures sequence; |

determining a primary global motion vector for the selected group from all of the
corresponding block motion vectors;

classifying the block motion vectors from the selected group into a plurality of sub-
groups; '

determining a plurality of secondary global motion vectors corresponding to the
respective sub-groups from the block motion vectors classified in the respective sub-groups;
and |

selecting the primary and/or at least one of the secondary giobal motion vectors for
use in defining one or more search windows for each block in the selected group to enable

block matching with a reference picture.

2. Amethod as claimed in claim I, wherein the block motion vectors from the selected
group are classified into the sub-groups according to spatial clustering of the block motion

vectors.

3. A method as claimed in claim 1 or 2, wherein the primary and secondary global
motion vectors are computed from an 'average of the block motion vectors within the

respective corresponding group or sub-group.

4. A method as claimed in claim 1, including determining a match between each block
in the selected group and a matching-block in the one or more search windows for that block

in the reference picture, and determining a computed motion vector between each block in
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the-selected group and its matching block.

5. | A method as claimed i m claim 4, including storing the computed motion vector for
each, block foruse as a block monon vector for processing subsequent plctures in the moving

pxctures sequence.

6. A method as clalmed in claim 5, mcludmg generatmg a computed motion vector for
each block in the plcmre and deterrmmng a maxunum offset vector from the largest of the
computed motion vectors, and using the maxxmum offset vector to select a variable length

codmg level for the computed motion vectors for the prcmre

7. A method as claimed in claim 1, including selecting and performing one of a plurality

of motlon estimation and search schemes based on selected characteristics of the primary and

15

secondary global motion vectors, the plurahty of motion estimation and search schemes
employmg various combinations of the global ‘motion vectors and matching-block search

' window schemes.

20

25

30

8. A method for encodirlg moving pictures data from a sequence of moving pictures in
which each picture in the sequence is represented by a plurality of data blocks corresponding
to non-overlappmg areas of the picture, the rnethod comprising:
selectmg a group of related data blocks from the plurality of data blocks of a picture;
g for each data block in the selected group, obtaining a corresponding block motion
vector from a previously processed picture in the moving pictures sequence;
determining a plurallty of global motion vectors for the selected group, each of the
global motion vectors bemg formed from a plurahty of the correspondmg ‘block motion
vectors;
analysing the giobal motion vectors and detenrxining a metric representing a
distfribution pattern thereof;
~ selecting a motion esnmator scheme on the basis of the distribution pattem metric, the

motnon esumator scheme bemg selected from amongst a plurahty of motion estimator schemes

Rt o T
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each having a different combination of search strategy and number of global motion vectors;
performing data block-matching with a reference picture using the selected motion
estimator scheme to generate a block motion vector; and -
encoding the picture data including the block motion vectors.

9. A method as claimed in claim 8 including a.step of determining, at the end of
processing of a particular picture, a maximum search range using the all of the global motion
vectors determined for the picture, and selecting a variable length coding scheme in
accordance with the maximum search range for encoding the block motion vectors for the

picture.

10. A method for improved data block matching in a moving pictures encoder for
encoding a sequence of pictures each comprising a plurality of data blocks, comprising the
steps of: | '

processing at least a picture in the sequence to obtain block motion vectors for the data
blocks therein with respect to a reference picture; :

generating a plurality of giobal motion vectors for the picture, each global motion
vector being generated from a plurality of block motion vectors from a respective group of
related blocks in the picture;

analysing the global motion vectors to determine a metric representing a distribution
pattern thereof;

selecting a motion estimation scheme from amongst a plurality of motion estimation

_schemes, for data block matching of at least one subsequent picture in the sequence; and

performing data block matching of at least one subsequent picture in the sequence
using the selected motion estimation scheme, said global motion vectors and preselected

search window characteristics.

11. A moving pictures encoder for encoding a sequence of pictures each comprising a
plurality of data blocks, including an adaptive data block matching apparatus comprising:

a global motion estimator coupled to receive block motion vectors for data blocks of
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a préviously processed picture with respect to a reference picture for generating a pluralfty
of global motion vectors for the picture, each global motion vector being generated from a
plurality of block motion vectors from a respective group of related blocks in the picture;

a motion characteristics analyser coupled to receive the global motion vectors from
the global motion estimator for analysing the global motion vectors to determine a metric
reprefsenting a distribution pattern thereof;

a selector coupled to receive the distribution pattern metric from the motion
characteristics analyser for selecting a motion estimation scheme from amongst a plurality of
moti@n estimation schemes, for data block matching of at least one subsequent picture in the
sequénce; and | _

a plurality of motion estimators controlled by said selector and coupled to receive said
globél motion vectors for performing data block matching of at least one subsequent picture

. in the sequence using the selected motion estimation scheme, said global motion Vectors and

presélected search window characteristics.

2. A moving pictures encoder as claimed in claim 11, wherein the global motion
estimator includes means for determining a maximum search range on the basis of the global

motion vectors.

13. A moving pictures encoder as claimed in claim 12, including a statistical coder
employing variable length codes, and wherein the statistical coder is coupled to the global
motifon estimator to receive said maximum search range, and wherein the statistical coder
selects a variable length coding scheme for block motion vectors of a picture on the basis of

said maximum search range. -
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