14 SEP 2006 METHOD FOR CODI NG MOTI ON I N A VI DEO SEQUENCE Fi el d of the

I nvention The invention relates generally to conmunicati on systens and nore
particularly to notion conpensation in video coding 5 Background of the
invention A digital video sequence, |ike an ordinary notion {igipbiofe
recorded on film conprises a sequence of still images, the illusion of
noti on being created by displaying consecutive imges of the sequence one
after the other at a relatively fast rate, typically 15 to 30 frames 10 per
second. BecauseMETHQD FQ&ﬂQBINGfMQTH)Mlﬂﬁ AIVSPESYSEQUENCERges in
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Each frame of an uncompressed digital video sequence comprises an array of image
pixels. For example, in 2a commonly used digital video format, known as the Quarter ;
20 Common Interchange Format (QCIF), a frame comprises an array of 176 x 144 pixels, in ‘
which case each frame has 25,344 pixels. In turn, each pixel is represented by a certain
number of bits, which carry information about the luminance and/or color content of the
region of the image corresponding to the pixel. Commonly, a so-called YUV color model is
used to represent the luminance and chrominance content of the image. The luminance, or Y
25  component represents the intensity (brightness) of the image, while the color content of the

image is represented by two chrominance or color difference components, labelled U and V.

>

Color models based on a luminance/chrominance representation of image content
provide certain advantages compared with color models that are based on a representation
involving primary colors (that is Red, Green and Blue, RGB). The human visual system is

30 more sensitive to intensity variations than it is to color variations and YUV color models

exploit this property by using a Jower spatial resolution for the chrominance components (U,




1 14 SEP 2006 V) than for the |um nance conponent (Y). In this way, the
amount of information needed to code the color information in an inage can
be reduced with an acceptable reduction in inage quality. The | ower
spatial resolution of the chrom nance conponents is usually fi§@paRgd by 5
spatial sub-sanpling. Typically, each frane of a video sequence is divided
into so-called "macrobl ocks", which conprise |um nance (Y) information and
associ ated (spatially sub- sanpled) chrom nance (U, V) information. Figure
3 i | | usY) thae fordhe lunsipanae optripohentd’).diltlis ksty, thammvenf affinfemafiomgugededB® shows
a frame_af .a video.sequence represenfed using.a YUV color . nodel,. each
conponefie thg5oleF 1 f?émgﬁ??b‘ A%F PR %fqﬁlf‘?‘iﬂﬂ‘.g“ﬁ/&% P%P@gl%s‘e‘é‘fcém?é‘? Heaechy 10
repres liig a region of 16x16 inmmge pixels in the original inmge (Figure
3b) as four blocks of lum nance information, each |um nance bl ock
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that a significant reduction'in the anount of "Inforration used to represent
vi deo deheanymber ofbits needed to represent a video frame in QCIF format is thus 99x3072 =

304,128 bits. This means that the amount of data reguired to transmit/record/display an

20  uncompressed video sequence in QCIF format, represented using a YUV color model, at a
rate of 30 frames per second, is more than 9 Mbps (million bits per second). This is an
extremely high data rate and is impractical for use in video recording, transmission and
display applications because of the very large storage capacity, transmission channel capacity
and hardware performance required. |

25 If video data is to be transmitted in real-time over a fixed line network such as an
ISDN (Integrated Services Digital Network) or a conventional PSTN (Public Switched
Telephone Network), the available data transmission bandwidth is typically of the order of
64kbits/s. In mobile videotelephony, where transmission takes place at least in part over a
radio comhmnications link, the available bandwidth can be as low as 20kbits/s. This means

30  that a significant reduction in the amount of information used to represent video data must be

achieved in order to enable transmission of digital video sequences over low bandwidth



achieved in order to enable transm ssion of digital video sequences over

| ow bandwi dth 2 14 SEP 2006 conmunication networks. For this reason, video
conpressi on techni ques have been devel oped whi ch reduce the anmount of
information transnmtted while retaining an acceptable inmage; s idoy. Vi deo
conpressi on net hods are based on reducing the redundant and perceptually 5
irrelevant parts of video sequences. The redundancy in video sequences can
be categorised into spatial, tenporal and spectral redundancy. "Spati al
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and where pogRidisefich aQfntfiint ANSRA TR HATEMS between the pixels that

make up each frame of a digital video sequence. In other words, the value of any pixel within

a frame of the sequence is substantially the same as the value of other pixels in its immediate

20  vicinity. Typically, video coding systems reduce spatial redundancy using a technique known
as "block-based transform coding”, in which a mathematical transformation, such as a two-
dimensional Discrete Cosine Transform (DCT), is applied to blocks of image pixels. This
transforms the image data from a representation comprising pixel values to a form
comprising a set of coefficient values representative of spatial frequency components

25 significantly reducing spatial redundancy and thereby producing a more compact
representation of the image data.

Frames of a video sequence which are compressed using block-based transform
coding, without reference to any other frame within the sequence, are referred to as INTRA-
coded or I-frames. Additionally, and where possible, blocks of INTRA-coded frames are

30 predicted from previously coded blocks within the same frame. This technique, known as



30 predicted from previously coded bl ocks within the same franme. This
techni que, known as 3 14 SEP 2006 | NTRA-prediction, has the effect of
further reducing the anount of data required to represent an | NTRA-coded
frame. Generally, video coding systenms not only reduce the sppgl%'lai 06
redundancy within individual franes of a video sequence, but al so nmake use
of a technique known as "notion- 5 conpensated prediction”, to reduce the
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;ngg\-e é@ﬁgﬁeh%%ge% @??Pée‘k"?fémapf e D BRycodaddiapae ansthg ssagrecontaat of deo
bi t - St rtR@fame to be coded. More specifically, the prediction error frame comprises values that
20 represent the difference between pixel values in the frame to be coded and corresponding
reconstructed pixel values formed on the basis of a predicted version of the frame in question.
Consequently, the prediction error frame has characteristics similar to a still image and block-
based transform coding can be applied in order to reduce its spatial redundancy and hence the
amount of data (number of bits) required to represent it.
25 In order to illustrate the operation of a generic video coding system in greater detail,
reference will now be made to the exemplary video encoder and video decoder illustrated in
Figures 1 and 2 of the accompanying drawings. The video encoder 100 of Figure 1 employsa
combination of INTRA- and INTER-coding to produce a compressed (encoded) video bit-
stream and decoder 200 of Figure 2 is arranged to receive and decode the video bit-stream
30 produced by encoder 100 in order to produce a reconstructed video sequence. Throughout the

following description it will be assumed that the luminance component of a macroblock




30 produced by encoder 100 in order to produce a reconstructed video
sequence. Throughout the follow ng description it wll be assuned that the
| um nance conponent of a macroblock 4 14 SEP 2006 conprises 16x16 pixels
arranged as an array of 4, 8x8 blocks, and that the associ at Epsﬁpma@i nance
conponents are spatially sub-sanpled by a factor of two in the horizontal
and vertical directions to form 8x8 bl ocks, as depicted in Figure 3.

Ext ensi on of the description to other block sizes and other sub-sanpling
schenescampisep d6alsppixels arrangeds ee aohy of 4, $x8rblockls] arld thatithe hdseciatett. The vi deo
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bl ogk-b s[ﬁgaIQi screte cosine transform (1 DCT), conbiners 112 and 116, and a
frame store 120. The encoder further conprises a notion estinmator 130, a
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current” RC F()l@ ¢ CGHEHuSSIPn toRFEROleJeRving tsriemal 9y, fgr example.ifaed | NTRA
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g termnal indicating a request tor a frane'to be provided in
| NTRA- coded ¥@sodgx 100 operates as follows. Each frame of uncompressed video provided from
the video source to input 101 is received and processed macroblock by macroblock,
20 lpreferably in raster-scan order. When the encoding of a new video sequence starts, the first
* frame to be encoded is encoded as an INTRA-coded frame. Subsequently, the encoder is
programmed to code each frame in INTER-coded format, unless one of the following
conditions is met: 1) it is judged that the curent macroblock of the frame being coded is so
dissimilar from the pixel values in the reference frame used in its prediction that excessive
25  prediction error information is produced, in which case the current macroblock is codedlin
INTRA-coded format; 2) a predefined INTRA frame repetition interval has expired; or 3)
feedback is received from a receiving terminal indicating a request for a frame to i)e provided
in INTRA-coded format.
The occurrence of condition 1) is detected by monitoring the output of the combiner

30 116. The combiner 116 forms a difference between the current macroblock of the frame

being coded and its prediction, produced in the motion compensated prediction block 150. If



The occurrence of condition 1) is detected by nonitoring the output of the
conbiner 30 116. The conbiner 116 forns a difference between the current
macr obl ock of the frame being coded and its prediction, produced in the
notion conpensated prediction block 150. If 5 14 SEP 2006 a of
this difference (for exanple a sum of absolute differences o% p! xel val ues)
exceeds a predeterm ned threshold, the conbiner 116 inforns the control
manager 160 via a_ control line 119 and the control manager 160 operates
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control manager 160 operates the swtch 1 to %ccept vi deo I npu rom-

i nput  Tequretity thg eeeipminpersingh Much agondiiien may erive domaampid, dCKpyionslgr obl ock

from i nput 1 via the input, . li.ne 118. As_they are .received, the bl ocks
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di screte cosine_transformon each bl ock of " val ues, producing

2- i merfer thsatexbiramg tobe encpdedinr NTH Avoded formatathus bé-untalisDETthe cadiag or nat i on
bl ock %Qéhmﬁgoduces an array of coefficient values for each block, the
nunber of coefficient values 25 corresponding to the dinensions of the

bl ocks whi cmpmkt&,mthaendmemmiﬁmmcbm%mbaéevm%&)be de36ritkddTin |
coefficients for each block are passed to the quantizer 106, where they are

quant | Z&d ResrGRE mpdanthe sartreinyisantaOapegtes tBeFuteh B2 tofaccen videarinputat i on
- par anetgdm fpuk $ine 118. The video signal input is received macroblock by macroblock from input

20 101 via the input line 118. As they are received, the blocks of luminance and chrominance
values which make up the macroblock are passed to the DCT transformation block 104,
which performs a 2-dimensional discrete cosine transform on each block of values, producing
a 2-dimensional array of DCT coefficients for each block. DCT transformation block 104
produces an array of coefficient values for each block, the number of coefficient values

25 corresponding to the dimensions of the blocks which make up the macroblock (in this case

' SXS). The DCT coefficients for each block are passed to the quantizer 106, where they are
quantized using a quantization parameter QP. Selection of the quantization parameter QP is
controlled by the control manager 160 via control line 115.

The array of quantized DCT coefficients for each block is then passed from the
30  quantizer 106 to the video multiplex coder 170, as indicated by line 125 in Figure 1. The

video multiplex coder 170 orders the quantized transform coefficients for each block using a



controlled by the control nmanager 160 via control line 115. The array of
quanti zed DCT coefficients for each block is then passed fromthe 30
guanti zer 106 to the video nultiplex coder 170, as indicated by line 125 in
Figure 1. The video multiplex coder 170 orders the quantizeg ¢g@jpahor m
coefficients for each block using a 6 14 SEP 2006 zigzag scanning
procedure, thereby converting the two-di nensional array of quantized
transformcoefficients into a one-di nensional array. Each non-zero val ued
quant i Zegragseumingprentdurey thérebyomvditingrtbe onaldinensanal ardytefiqumeiredsent ed as
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resultin dﬁ%odeq i r%g’e.da}a is input to combiner 112. In | NTRA:-coding
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equi val ent to passing the decoded Inmage data unha ubsequent
makY obli® dwee ki paskiag the quentizéd marsfamecaefidents fbraach biode oyt be quiritized ousl y

descri ncodi.ng and | aocal . decqdi ng. steps in hlocks 104,106,108, 110 and
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decodedath blegk ohthgimagsptiogls The sesultingaderodddomage data is input to combiner 112. In

INTRA-coding mode, switch 114 is set so that the input to the combiner 112 via switch 114
20 is zero. In this way, the opergtion performed by combiner 112 is equivalent to passing the
decoded image data unaltered.
As subsequent macroblocks of the current frame are received and undergo the
previously described encoding and local decoding steps in blocks 104, 106, 108, 110 and 112,
a decoded version of the INTRA-coded frame is built up in frame store 120. When the last
25 macroblock of the current frame has been INTRA-coded and subsequently decoded, the
frame store 120 contains a completely decoded frame, available for use as a motion
prediction reference frame in coding a subsequently received video frame in INTER-coded
format.
Operation of the encoder 100 in INTER-coding mode will now be described. In
30 INTER-coding mode, the control manager 160 operates switch 102 to receive its input from

line 117, which comprises the output of combiner 116. The combiner 116 receives the video




prediction reference frame in coding a subsequently received video franme in
| NTER- coded format. Operation of the encoder 100 in I NTER-codi ng node wil |
now be described. In 30 I NTER codi ng node, the control nanager 160 operates
swtch 102 to receive its input from line 117, which conpri geg:g figeOut put
of conbi ner 116. The conbiner 116 receives the video 7 14 SEP 2006 i nput
si gnal macrobl ock by macrobl ock frominput 101. As conbiner 116 receives
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to DCT 15 transformation block 104, which perforns a two- onal
di $@r et @dingssyslem eansisieeadrhesnwhergehclbimaciobbdck goagiists; fox esample, arpissanblyo

pr oduce, ~ gl l.onal. array of transform coefficients for each
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for each
values for each prediction error block, the number of coefficient values corresponding to the

dimensions of the blocks which make up the macroblock (in this case 8x8). The transform

20 coefiicients derived from each prediction error block are passed to quantizer 106 where they
are quantized using a quantization parameter QP, in 2 manner analogous to that described
above in connection with operation of the encoder in INTRA-coding mode. As before,
selection of the quantization parameter QP is controiled by the control manager 160 via
control line 115,

25 The quantized DCT coefficients representing the prediction error information for each
block of the macroblock are passed from quantizer 106 to video multiplex coder 170, as
indicated by line 125 in Figure 1. As in INTRA-coding mode, the video muliiplex coder 170
orders the transform coefficients for each prediction error block using a certain zigzag
scanning procedure and then represents each non-zero valued quantized coefficient as a run-

30 level pair. It further compresses the run-level pairs using entropy coding, in a manner

analogous to that described above in connection with INTRA-coding mode. Video multiplex



bl ock of the macrobl ock are passed from quantizer 106 to video nultiplex
coder 170, as indicated by line 125 in Figure 1. As in |INTRA-codi ng node,
the video nultiplex coder 170 orders the transformcoefficients for each
prediction error block using a certain zigzag scanning procgfgie@gd then
represents each non-zero val ued quantized coefficient as a run 30 | evel
pair. It -further conpresses the run-level pairs using entropy coding, in a

manner Ognal ogous to that described above in connection with | NTRA-coding
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in frame store. 120. When the | ast 20 macrobl ock of the frame has been

pr bt es caresnondingblegk afimsedicted pixedNelipnty produsepteonsinyctediserge dlipcks and

avai | aiged @EmUs pon prediction reference frame in encoding a
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not i on- conpeisabselupnedaabblookpef thevited stpnalvird eeeiizd 3R thkQdeooldcenow be

consi d%ﬁ (ljx'ndergo the previously described encoding and decoding steps in blocks 104, 106, 108,
110, 112, a decoded version of the frame is built up in frame store 120. When the last

20 macroblock of the frame has been processed, the frame store 120 contains a completely
decoded frame, available for use as a motion prediction reference frame in encoding a
subsequently received video frame in INTER-coded format.

The details of the motion-compensated prediction perfonﬁed by video encoder 100
will now be considered.

25 Any frame encoded in INTER-coded format requires a reference frame for motion-
compensated prediction. This means, necessarily, that when encoding a video sequence, the
first frame to be encoded, whether it is the first frame in the sequence, or some other frame,
must be encoded in INTRA-coded format. This, in turn, means that when the video encoder
100 is switched into INTER-coding mode by control manager 160, a complete reference

30 frame, formed by locally decoding a previously encoded frame, is already available in the



25 Any frame encoded in | NTER-coded format requires a reference frane for
noti on- conpensated prediction. This neans, necessarily, that when encodi ng
a video sequence, the first frane to be encoded, whether it is the first
frame in the sequence, or some other frame, nust be encoded;jggp MNHRA- coded
format. This, in turn, means that when the video encoder 100 Is sw tched

I nto | NTER-codi ng node by control manager 160, a conplete reference 30
frame, forned by locally decoding a previously encoded frame, is already
avai | abfan¢ slorehi20 of thelerBRer2 hgenetal athve referenee e of foked BRTRARY dedoding
eneral ..t he ence,frane is f d by |locally decoding either an
Igl\ﬂ'RA- c%tc}iltgﬁal}mﬁ‘bqp N Fﬂféﬁ%%ﬁﬁﬁw framg- t he fol | owi ng description it
wi || be assumkk folldwitd @8R ' redi ction on
a macrobl ock basis, i_.g]e. a gg*gf%ﬁ%@&%%@%ﬁﬁ? f@?@ﬁ%ﬁ%ﬁ?n&;wg 5 video
frame t9egPcestediaredistion paasaromblériimsisone. ianhmrolbibelon. the mitidst elbmedthgra be

ass¢nedq,; redigtion for.a.given magroblock is fornmed by identifying a
r eaifjon%a‘?&i%aiﬁ%&\?g%g% FRopgd wi WWW&%B%&BW‘%W&W afsumgd et pr ane
that shoedictiasfor & @iveasRanEHBaCisMbiied 1S dLHiX | Qfnd he

macr obl.ock in quegi on. Moti onl-scorrpengs}glt ed %&gﬁ%@?ﬁﬁx%@{#ﬁ%ﬁﬂ%di ng
syst emtRERECSHEmRANeRheighaseftsncaiigmp that skowd besedorvisptndehenwith shesToxll ber

th ; ] | 1si dered | ater in the text  The first st
T o L PR B e BBIGER AT GHER MBS pomptrseien predicsid ina vidser 1 or ned

by rnot icodingsystemtvileste hioviok infdAnatThemaPbé oSl WilH aem@ﬁxg Q&aﬁéqh&ﬁf el ves
thﬁl} bl ocks%ofkt‘lﬁﬁmnanc,e and chrom nance val ues which make up the current
ma

ob TEECYPC § ¢ongidered lpter dbedxdi a 1ine 128. It then perfornms a bl ock
et chi ng opefRtd etd tdeptify a.region . in the reference frame
that corresponds beégh%gjﬁﬁgﬁ}r%da?tl}%n@;%a FTRNEH! theycurg Fameds per f or m t he

bl ock mpetfotmetbymetiat Estimatimtblosk 9. THahictionk@aktidloas ESPRRGVd fEer ence
ically,

f Jat dinf 1 120 via li 127. M
ot 1 on PR BT AP 0 RS0 iee 3 i TRl rsgrogt roetolbek o
di 11 er g 1k\tB8ed fiadine ¢HPI Blon PRABLHE & oillck LBAANEE Shorl GBI SEALINT L he

difference in pixel values betwe macr o AT nation and
cakdi dadentifiea region intheeferegiofisne thaptaetspohdstrasawith iy @Rt haBBlocki@r ed in

the fr re 120. i fference value is praoduced for candi date regions
at all %9%63‘%55 ‘E)I?Oé’rb&@@fcg miERing oﬁefﬁP‘é’Hé‘F‘?t?@EFsg@éFl%bloéﬁ 130 agrfessee ref er ence
frame aefdroiod frafte dedilstdred iPRaRl Soke 1R vid 9?%[‘2@5@?@@% Jiichal cul ated

difference val ue. The candidate region tha est difference
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absolute differences) representing the difference in pixel values between the macroblock

20 under examination and candidate best-matching regions of pixels from a reference frame
stored in the frame store 120. A difference value is produced for candidate fééions at all
_possible offsets within a predefined search region of the reference frame and motion
estimation block 130 determines the smallest calculated difference value. The candidate
region that yields the smallest difference valueis selected as the best-matching region. The

25  offset between the current macroblock and the best-matching region identified in the
reference frame defines a "motion vector” for the macroblock in question. The motion vector
typically comprises a pair of numbers, one describing the horizontal (Ax) between the current
macroblock and the best-matching region of the reference frame, the other representing the
vertical displacement (Ay).

30 Once the motion estimation block 130 has produced a motion vector for the

macroblock, .it outputs the motion vector to the motion field coding block 140. The motion
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25 of fset between the current nmacrobl ock and the best-matching region
identified in the reference frame defines a "notion vector" for the
macrobl ock in question. The notion vector typically conprises a pair of
nunbers, one describing the horizontal (Ax) between the currgndgpsgagr obl ock
and the best-matching region of the reference frame, the other representing
the wvertical displacenent (Ay). 30 Once the notion estinmation block 130
has produced a notion vector for the macroblock, it outputs the notion
vect or fgjd cpdingblock 440 eppraximniesile blatiok vedior rethivedfibimmotidéDestinioR 2006
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200 comprises a_video nultiplex decoder 270, which recelves ‘an encoded
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conbi nevay28ekt ofipedittion brroEblagey foP B maReblaék RWbRied280. The control manager
260 control s_the, operation of the decoder 200 in response to
eration of the video decoder 200, shown in Figure 2 will now be described. The
decoder 200 comprises a video multiplex decoder 270, which receives an encoded video bit-
20 stream 135 from the encoder 100 and demultiplexes it into its constituent parts, an inverse
quantizer 210, an inverse DCT transformer 220, a motion compensated prediction block 24'0,‘
a frame store 250, a combiner 230, a control manager 260, and an output 280.
The control manager 260 controls the operation of the decoder 200 in response to
whether an INTRA- or an INTER-coded frame is being decoded. An INTRA / INTER trigger
25 control signal, which causes the decoder to switch between decoding modes is derived, for
example, from picture type information associated with each compressed video frame
received from the encoder. The INTRA / INTER trigger control si gnal is extracted from the
encoded video bit-stream by the video multiplex decoder 270 and is passed to control
manager 260 via control line 215.
30 Decoding of an INTRA-coded frame is performed on a macroblock-by-macroblock

basis, each macroblock being decoded substantially as soon as encoded information relating
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whet her an | NTRA- or an | NTER-coded frane is being decoded. An I NTRA /

| NTER trigger 25 control signal, which causes the decoder to switch

bet ween decodi ng nodes is derived, for exanple, frompicture type

i nformation associ ated with each conpressed video frame recegg¥esdgsom t he
encoder. The INTRA / INTER trigger control signal is extracted fromthe
encoded video bit-stream by the video nultiplex decoder 270 and i s passed
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bl ock of the macrobl ock according to the control informaf_i on and provides
t hd> novihisipErrmation iminverse qEEtizecdiilr via cenfrd ling 21 $Jeverse PEmtizen2dfshoarseer 220.

| nver sct gl R BUARLAEY e iRy o HOGE B SPh RESHi bl 10

‘form a emtotipdoriaiok a6 pravidgehd 1w §iRkdcQuafEADHCT B ieRARIS inieteOET xel
val ues. The recgnstructed pi xel values for each block of the macrobl ock

are pas¥uiarmsr ¢8%bi ner 230 to the video output 280 of the
Inverse DCT transformer 220 performs an inverse DCT transform on the inverse

20  quantized DCT coefficients for each block of the macroblock to form a decoded block of

image information comprising reconstructed pixel values. The reconstructed pixel values for
each block of the macroblock are passed via combiner 230 to the video output 280 of the
decoder whére, for example, they can be provided to a display device (not shown). The
reconstructed pixel values for each block are also stored in frame store 250. Because motion-

25  compensated prediction is not used in the encoding/decoding of INTRA coded macroblocks
control manager 260 controls combiner 230 to pass each block of pixel values as such to the
video output 280 and frame store 250. As subsequent macroblocks of the INTRA-coded
frame are decoded and stored, a decoded frame is progressively assembled in the frame store
250 and thus becomes available for use as a reference frame for motion compensated

30 prediction in connection with the decoding of subsequently received INTER-coded frames.
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decoder where, for exanple, they can be provided to a display device (not
shown). The reconstructed pixel values for each block are also stored in
frame store 250. Because notion 25 conpensated prediction is not used in
the encodi ng/ decodi ng of I NTRA coded macrobl ocks control mapage 20460
controls combi ner 230 to pass each bl ock of pixel values as such to the

vi deo out put 280 and frame store 250. As subsequent macrobl ocks of the
INTRA-coded franme are decoded and stored, a decoded frame is progressively
assenbl ed i TNHR-tedadeframesrase al36 Gecoddd nembekdyasacactdodtlglbhch INFERise as a

refere rame, for .notipn sat 30 prediction jn connectjon wth the
ocod rgaet el piple R dATBENRR e SolLar amceddlink oS an oo 3o b

| NTER- G éadivietl aiTiie b treamSIB50eEO V)0 MaAHABK A6d6dBy2 7IPCH AR Be cnadda | NTER
coded macr.obl ock bei ng decoded substantially as soon as encoded i nfornmation

rel at i rjedigtion errqrgniogmaiienctyr epch Meckof asBYHRrcad® mameblodidfrommentaeded! ex

decgder I e C edi ction errqr informatian for each
bl ofgk o'?&g(%l fﬁ%@lﬁ%ﬁﬁ%ﬁ n%‘?;l’é%gﬁ%kwﬁ%ﬁhﬂg%ﬁ%‘af%a%‘?gw IV%‘EP@P"‘? ¥ or mat i on
and posgichtich. egrkplained i tHeBidgding] HeahtsdkdipedififonBior MbARMIonTor SH¢RST T ON.
As explained in the foregoing, the encoded prediction error information for

each Hledioighe myeroblack sBmpERescmpbledenstly spdeatoirds represgiiting daroensiogy coded

qunt | 2000 LS RIS P e BB Qfyo RUpIlh ERl Ry b BR GRS FOF

guanti zed transform I crents e pre

quest i drdockTinequestibao Theividep nmittiplet dewide2? M dte6@siane vhRibkteh@h lceddwuias h
cog words 10 usL{}g a vari abl e Iength decodi n? met hod _corresponding to the
entbdi et Foeblsdersth degaskng wsthed sprresponding te thecapgdingmsthodgsedhia thevel and

tun valdieSder'100 bA® thet &IOSV HhE /A1 Ad /2% vgfue% lci{’@lgltn }gcggstﬁfc%nﬁlfa?{?g}%f ‘o

coefficient values for“each prediction error ock and passes
i nver s eugubred trasfopm@oeifivint vhluenfor eact predictial etdritgodkanidiasdeNiHeR woded

macr obl.ock is al.so ﬂe oded.in the vi?ep nmul ti pl ex decqder 270 _using an
oot oprigeiss Guttiad 21 nCOREH ftmmpSonisTiiRe s hedd 1k fadst sk 15660
| nf or mafckededrialif vidsh fRidple; 48l B0 &H%%l i kisaf»?fdpﬁgte%%(iiggﬁeglnqﬂ%ﬁd id ransform

coefficients of the prediction error b s extracte e encoded
bi 12 st rhassed tarentp aandger 268. denmagionyelatipeto th6 Bvel of quantization applied2d The The

control e, ed B tur canyeys thjis jnformati to, i nverse quanti zer
210 vi dEBRERsPefiefstsie pdRHEY ppohBrbit Ssithed Bomtue Sacadrd bl steame
quant i z@d préidedeicohibBthsageeP6EFHR Rbhidal HiR21P! FitH CnbBNmBhdder, id GurhNf Or mat i on
for each block of the macrobl ock according to the control 1 nformation and
provi desnvens thsuniprpatiiandoduientd quagtie 218 yef gontrobline2 18 hivevserquentixer 210
transf . ' L Z DCT coefficients. representing the
20" it i M1 SR KETERBIS D bRl e
20  information for each block of the macroblock according to the control information and
provides the now inverse quantized DCT coefficients to inverse DCT transformer 220. The
inverse quantized DCT coefficients representing the prediction error information for each
block are then inverse transformed in the inverse DCT transformer 220 to yield an array of
reconstructed prediction error values for each block of the macroblock.
25 The encoded motion vector information associated with the macroblock is extracted
from the encoded video bit-stream 135 by video multiplex decoder 270 and is decoded. The
decoded motion vector information thus obtained is passed via control line 225 to motion
compensated prediction block 240, which reconstructs a motion vector for the macroblock ‘
using the same motion model as that used to encode the INTER-coded macroblock in encoder
30 160. The reconstructed motion vector approximates the motion vector originally determined

by motion estimation block 130 of the encoder. The motion compensated prediction block
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bl ock are then inverse transforned in the inverse DCT transforner 220 to
yield an array of reconstructed prediction error values for each bl ock of
t he macrobl ock. 25 The encoded notion vector information associated with
the macroblock is extracted fromthe encoded video bit-stregrgdBmoby Vvideo
mul ti pl ex decoder 270 and is decoded. The decoded notion vect or
I nformation thus obtained is passed via control line 225 to notion

i ¢tion block 240, which reconstructs a notion vector for

conpensat ed. predi L ruc 3 :

t he mcﬁm‘hﬁqﬁecgém@q the recomplryrted mationveatords idenkify thederation eha meton ofe

| NTER- : ' ' e r ticon vector
appr ox! par BLUetEd BRORIE oo R AElaraiic tolhe o4 hERAREMOHCASE TE e Bpteas on
bl ock I1fBGneofmay be, fonexaeyple, dpreviondly docalod INTRAL aslle fRdics bif Oprebioasly 13 14

SEP 200 he, decoder uses the reconstructed notion vector to
i dent i f%?%om'%%%ﬁ e- AR githss case, thedeginm of pixelsangspated By the a predi ction
r ef £r enggorstradiBy floBbR Yebtbr fsﬁl@@@to%ﬂﬁ% Jﬁc;igct]io-ﬁ%r RIS Sek ifnr(ﬂls iyo@y be, for

exanpl e, a previously decoded | NTRA- rane, or a previo decoded
| NTER- Mdwcspeeifinally, the mbtitvecorspemsated heedictigh block 240 iforedssan anthiyedipedl by t he 5

- quests Tor Gh bl R Mo anrioSi et fPrisshorinei 56l YHEAEOR B bl ock
240 f orrgBiondf pixeRYd&iti RIPH the MBLYE SodioF 'Iﬁég&dhétfaﬁﬁh% ifhﬁ%iﬂﬁ&foﬁgke&?k by

copyi ng correspondi ng pixél values fromth region of pixels 1dentified by
t he notvabiesdedvest fromtthe raferdiast frammg, ardpessédsiroth endiioncompefisapidqetdictiad ues

degd ve he refer e,fr are passed,.from notion conpensated
or 95 RSO B RapE a3 Srets B f <SuBiants B dscded PRSI R ¢ h ¢ he
decodednfindiicn. 19 praticdihe hiREIO/aliRE 0O Bachl prodit @8 bioeR ard {RIel to &rreébiifisy Of

each predicted block are added to correspondi n% reconstructed predicCtion
error VEPsgueied piedichipniespeyalaesmuiputbarisyasseRCT 2205 fommer 220s Indys way amr r ay

of rec r ' v al r | ogk of t.he .nmcrobl gck. i s obtai ned.
The ©F CRAN AR ik BRRS K cafR BlbeR o i sl G R S Biedn ho50 ot -t he
decoderreeogtrasted pixgbvalbessdropsded 1o the fideo ShpLe2$PEE thédedbSARIUAR hiso

magr obl ock&_o the | NTER-coded franme are ecoded and stored, a decoded

fr j SLOTp @ue SipEs o0 Ssenbicguent aackeblegks of thet INTER sorled fopma 410 | becones f
i - - | ' C t ed ¢t
R A A e T

ot her I NTER-co ames. I ng
syst emthuoltdcomes aviilahdbe dseprsadefeténon fragfd fosmpeod-oompéehsard prematondfock

Chat - cDBANTERRRETERERL b moti on | nformati on. fovever, the video cod ng
As explained above, in a typical video coding system, motion compensated prediction

20 is performed on a macroblock basis, such that a macroblock is the smallest element of a video
frame that can be associated with motion information. However, the video coding
recommendation currently being developed by the Joint Video Team (JVT) of ISO/IEC
MPEG (Motion Pictures Expert Group) and ITU-T VCEG (Video Coding Experts Group),
allows motion information to be associated with elements smaller than a macroblock. In the

25 following description, and throughout the remainder of the text, reference wiil be made to the
version of this video coding standard described in the document by T. Weigland: "Joint
Model Number 1", Doc. JVT-A003, Joint Video Team of ISO/IEC MPEG and ITU-T VCEG,
Jan. 2002, said document being included herein in its entirety. For simplicity, this version of
the recommendation will be feferred to as "JM1 of the JVT codec™.

30 According to JM1 of the JVT codec, video pictures are divided into macroblocks of
16x16 pixels and are coded on a macroblock-by-macroblock basis. The coding performed
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reconmendation currently being devel oped by the Joint Video Team (JVT) of
| SO 1EC WMPEG (Mdtion Pictures Expert Goup) and | TU-T VCEG (Vi deo Codi ng
Experts Group), allows notion information to be associated with el enents
smal l er than a macrobl ock. In the 25 follow ng description, anéefgughout
t he remai nder of the text, reference wll be nade to the version of this
vi deo codi ng standard descri bed in the docunent by T. Weigland: "Joint
Model ﬁb ?Aﬁ(;a):; Joint Videg Team of 1SQIEC MPEG and | TU-T
VCEG, fgligws %&zswggpalp d BBPYFgmicRBRGHIeR "ty genepicividsosneadest v . For
sinpl i %’i}?és f If(?n&

| of t%ga\])ﬂegl'&dggg{ag 38rh£?c20r I n EP%Q%H%?& pﬂﬁ] WC e%fsé% %d%:lﬁg ures
are di wf @NTERtodedramcmblankk s pﬁrforﬂaed iSmpinee ltleat diffbrafromahistgiedousty

bl ock=b b| b h f d 14 14 SEP 2006
(o1 1 o BEatibe AR SRR GaciupLibr Frise MRFs & 155 EoOhA Lescimimase Klepioaner | ¢
Vi deo %Qﬁgéﬁmad&%tfégﬁpﬂr%rm&fmﬁbﬂyﬁrﬁﬁhéngigg ﬁl%%l g AtE. cﬁ’eg&pgf(') ! g IJM,

noti on conpensated prediction of INTER s I's per med in
manner Cpﬁmg modes @resbasedom tivading amacmlﬂbqk tod:eﬂNﬂ‘EReﬂ}deﬂ/ﬁne asipmbef ofsabl v,

each of r obl ocks ass a ".codin depending 5 on the
char acttdS F(g’t?négg CBPPPFEBM?@;‘ kg R ?ﬁ?o‘flﬂ’éﬂglfﬂgﬁl qt}gn\‘,\p@lé%clgg thence.
Seven oixNihab-bisuts ﬁﬂ)t?ﬁlgeﬁth%@nﬁ&%ﬁﬂ)cﬁ@s diHofh, Eacﬁome okl tﬁEFch%HleE’g) ¢! NTER

coded into a number o ub- bl ocks, each conprising p|xe

associ alﬂvlﬂglgrma@ﬁblpﬁk unmxlvbmhnbionkwmw@ﬂ hyHMl Nf(lizﬂesWﬂ‘ Widlodoglee,liot  j ust
W t V\/nol e. EFach.of .t he 9s bl e e for dividing
a lﬁrdw;crg ﬁt% GBS K CTOREYINgG diawings- e%ﬁﬁﬂ?{? g’%’%gﬁ%é@ codec,
is 10 mmmbrmadns ﬁteFlﬁwﬁes)él@ﬂﬁ&l%anéﬂmﬂTﬁm Mde cOfing fdabe seen
fromthe figure, the possible divisions are: 16x16, 8x16, 16x8. 8x8, 4x8,

8x4 andssiged tpigpartiqularmacreblecknig ,%Gémnblg,sthgﬁéﬁéﬁ mode, tbemaclobloak isvacr obl ock
f | ded t.0, t
sub- bt GFeT S wd SRR, R 1S HoIREERE RE borh Sy Slbk Rpri Pt Wl i ¢

its owwmmbiieminforbenioat incrdition, adélghumm@nn@iegmdswﬁ a¢ISKITP (R ERip) kdayn as
lﬁérP(or skl(feﬂg_o 15 .is rowded If this node is assigned to a
obPHRIeVidef]; thig inadz s, assizhgd iq hEiagmblask) hisdndisates thapthe sansreldodkripin t he
refere lﬁ%ﬁ]?@!aﬂ@& The
deci si oq}%%r0 iéilcgtq% rlll)(‘é;{htfé eﬁéé{c ggtﬁege of co dt%&%&%@%&%@%@ﬁé@dmﬁxgg% ock is

typically rihtaleasiopaclating td the choice oﬁcc&hng mﬂeﬁnmmmscmmc@s typically
| deo encoder such that_illustrated in Figure 1, but

; Pr;e)lc Ie];ré?ﬁd&ld’g P&hg?rf %W‘P%‘ Femagon progess. dpre sersi g roBaide gredeaishas o IM
of t he HA(TIeHARA in FiGirE D} b1 AP RiAHRIA 1B ANOH WERS SR HALARDARY, Mk On
20 according to JM1 of the JVT codec, the motion estimation process performed by motion
estimation block 130 is repeated for each possible division of the macroblock into NxM sub-
blocks and for the skip mode. The motion estimation for the skip mode is a very simple one,
since no motion search is needed, but a constant zero valued vector is assigned for this mode.
For the rest of the INTER modes the motion is typically estimated by performing a block
25  matching operation for each motion block inside the macroblock. After these operations, the
mode that minimizes a certain cost function is selected for the macroblock. The cost function
typically combines the prediction error with number of estimated bits needed to code the
macroblock and thus measures the relative efficiency of each coding mode.
Because a video encoder operating in accordance with JM1 of the JVT codec assigns
30  aparticular coding mode to each macroblock that is INTER coded, it is necessary for a

corresponding video decoder to be aware of that coding mode in order for it to correctly
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estimation block 130 is repeated for each possible division of the

macr obl ock i nto NxM sub- bl ocks and for the skip node. The notion
estimation for the skip node is a very sinple one, since no noti-on search
is needed, but a constant zero valued vector is assigned for,4dpsgpde.

For the rest of the INTER nodes the notion is typically estimted by
perform ng a block 25 matching operation for each notion bl ock inside the
macrobl ock. After these operations, the node that minimzes a certain cost
funct i olecpde rsetived mforination helating-todbé oekroblduk in qeestiburiBhicrefore, sty jndivatiby

conbi ne redi ction error wth er of .esfinmpted bjts needed to code
t he naoc%rt%%foé%lg Igﬂge ?ﬁ@e%%%#&a?ﬁ@%}sm‘ogei%ﬁ% . b‘tﬁfw%ch codi ng
mode. Beasmitteddroth de0vieas BEaBRhAVIIRE dbibdRt TR bRRPFAmMir .k«h&é anﬁ;mﬁ pe IVT
codec assigns, 30 a particular coding node to each macroblock that s | NTER

coded, 9afa jequindtiogndieste thy codingmpdes Prmdidmg modicfor darhonarotilockiie imlieatal of

th cqgi i f.Qr it, to corr.ectl 15 14 SEP 2006 . decode

_re?ei vggi%@gn%tzé%g%gﬁé%i% Ctoge‘fvﬂgﬁr’r’&(@?’%m%%?(cq gmedss Bhas ﬁiéﬂ‘ ore, an
i ndi catsuolna waly thitehcOditeg FRERorASS uEd r&ﬂeﬁeme%aing%a&mﬁs RERcAgA 10
t he vi deo I%lkt-streamtransmtted fromthe video encoder to the video

decodermost hikglyde pceus. I hohthed Viheodeawaena tngle dettod sp-salitd "dhivegsal Varieklte t he
di , i block.is indicated 5 ysi
varl apl PRGOS ECT MBS A SR (AL IPRY® i BBl RS Fhamandr .
assi gneberefors thisisen oficydetioads it ABosiRed i@bresafl M odingSmbeSRdralioPfgsent the
coﬁi}ngl}g@ﬁgt{}fit is statistically npst likely to occur. JM of the JVT
cotfec cadéf gragrablecksy T UYAG extlowordsnsed fn IMhmaxthesrittearinthe Codes”
(WLO) thRowhi Bfplss@ formy ﬂldﬁfb‘ﬂ% 1 GLISWE grth rel the & "Bt ?jﬁ? ﬁll&'letrﬂ%twyaglﬁam and

therefore thi's set of codewords i's also usé 0 reptesen € codi ng node
i nforndtéroh for 10 | NTER coded nmcrobl ocks. The WLC codewords used in JM
maybe written in the follow ng conpressed form shown in Table 1 bel ow,
where the x" terns take either the value Oorl: 1 150 x0 1 0x1 0 XO10
x2 0x10x010X30X20X10X01 4

20
Table 1: 7
Scheme for Generation of UVLC Codewords According to JM1 of the JVT codec

Table 2 presents the first 16 UVLC codewords, generated according to the scheme
25  presented in Table 1.

Codeword Index | UVLC Codeword |
0 1

1 001

2 011

3 00001
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Table 1: Scheme for Generation of WLC Codewords According to JM of the
JVT codec Table 2 presents the first 16 UVLC codewords, generated
according to the schene 25 presented in Table 1. Codeword | ndex UVLC
Codeword O 1 1 001 2 011 3 00001 16 14 SEP 2006 4 00011;psiilflfds ©

01011 7 0000001 8 0000011 9 0001001

10 0001011

1 0100001 12 0100011

13 0101001 14 0101011 15 000000001 Table 2: The First 16 WLC Codewords

of JM Cenerated According to_the Sch

ene Present.ed

in Table 1 5 JML of

the JVT codec assumes th4# the skip no

:1900151 stati st i

alel

cally the nost likely
b macr obl ocks before

codi ng node for a macroblaek—Fhenunbg
the next nacrobl ock with"non-SKI P nodg

K0 @1 SKi-p—Hod

i ndi cat ed

by a single WLC

codeword using Table 2 @lgove: The rerraomllrgg coding

by UWLC codewords as shown in Tabhle 1D

el ow.

rodes are represented

7

0000001

8

0000011

9

0001001

10

0001011

11

0100001

12

0100011

13

0101001

14

0101011

15

000000001

Table 2:

The First 16 UVLC

Codewords of M1

Generated According to the Scheme Presented in Table 1

JM1 of the JVT codec assumes that the skip mode is statistically the most likely

coding mode for a macroblock. The number of skip mode macroblocks before the next

macroblock with non-SKIP mode is indicated by a single UVLC codeword using Table 2

above. The remaining coding modes are represented by UVLC codewords as shown in Table

10 3 below: -

Codeword Index | Mode | UVLC Ccodeword
- SKIP Run-Length Coded
0 16x16 |1

1 16x 8 001

2 8x16 |01t

3 8x8 60001

1
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Codeword | ndex Mbde WLC Ccodeword SKIP Run-Length Coded O 16x 16 1 1 16
x 8 001 2 8x16 Ol 3 8 x 8 00001 17 14 SEP 2006 4 8 x 4 00011 5 4x8
01001 6 4x4 01011 Table 3: Macrobl ock Codi ng Modes of JM As previously
descri bed, the NxM nodes in the table above indicate the sizg &fpdige 5
notion bl ocks. A problemw th the approach adopted in JMI of the JVT codec
Is that the assunption that skip node is always the nost probable is .not
valid. |If the video sequence contagins glgbal nmotion (panning, zoom ng,
etc.), skip node is jgttually never| &%éd. {I0801hese cases ¢onpression
efficiency is seriousfy degraded,Jespgcigity-pt-—tower—bi-{-rates, since the
codec is 10 forced jto use high ove‘?’ﬁgad I\%’ggfobl ock codijng nodes. Two
prior art solutions ff@r 1nproving |t4yegcodigagiefficiency ¢of notion
conpensated prediction in the prdsence af global notionlare known. The
first of these is known as "global notion conpensation” and is used, for
exanple, in the |ISO .and U T H., 263+ | deo |.ng standards. The
second method is deslc\:/ff%g%é‘i n th’gacﬁ%’(!%%g(ﬁ?dlﬁglﬁﬁfﬁafs% obal 15 Mbtion
Vector Codi ng" by Shijun Sun and Shawmn Lei, Doc. VCEG 020, ITU- T Video
Codi ng Experts Group (VCEG Meeting, Pattaya, Thailand 4 - 7 Decenber 2001,
i ncl uded hereprsvigpsly deagrigd ethe mesesincbe tabba aboye indietethewtzemdthrods wi | |
now be &?&Ecﬁxfﬂl%{cl%esc” bed. As described in Annex P Reference Picture
Resanmpling® o ht ernati onal Tel ecomunications Union | TU-T Recomendati on
H. 263 " Vi decA pastilérg with the apprBadtr Rapeed ir IMTUTR) CRLbER is tHaRieUasimpRA8, the
| dea behi nd. gl obal] notion cog&gnsation S toégenerate a reference frane

for noth¥skPoRpes S MY O themosapbatile isiet valid: dtths visfcogeansare pantaionglobal or der
to do thi alasslN | - | C to warp the
refere r{@%@nr @rre | %’?8 Bgﬁﬁ%t@fj Slgg [%lfoedgﬁ %%(ﬁ\?al%e{\r%lg?s%g? %,qﬁgasg (flgfelso nal

i nf or nebipnessiae efficitryde seriduslyt degradled opecidlly AUowler bit-rates, since the codec is

10 forced to use high overhead Mmacroblock coding modes.

Two prior art solutions for improving the coding efficiency of motion compensated
prediction in the presence of global motion are known. The first of these is known as "global
motion compensation” and is used, for example, in the ISO MPEG-4 and ITU-T H.263+
video coding standards. The second method is described in the document entitled " Globat

15 Motion Vector Coding” by Shijun Sun and Shawmin Lei, Doc. VCEG-020, ITU-T Video
Codmmg Experts Group (VCEG) Meeting, Pattaya, Thailand 4 - 7 December 2001, included
herein by reference. The basic concepts of these two methods will now be briefly described.

~ As described in Amnex P "Reference Picture Resampling” of International
Telecommunications Union ITU-T Recommendation H.263 "Video Coding for Low Bit-Rate

20 Communication”, February 1998, the idea behind global motion compensation is to generate
a reference frame for motion compensation that cancels the effects of global motion. In order
to do this, complex operations are needed in the decoder to warp the reference frame into a
more usable form. Furthermore, additional information has to be sent to the decoder to guide
the building of new reference frames for global motion compensation. More specifically, the

25  global motion compensation scheme employed-in the H.263 video coding standard uses a
resampling process to generate a warped version of the reference frame for use in motion-
compensated prediction of the current picture. This warped version of the reference frame

may include alterations in the shape, size, and location with respect to the current picture. The
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the building of new reference frames for gl obal notion conpensation. Mre
specifically, the 25 gl obal nption conpensation schene enployed in the

H. 263 vi deo codi ng standard uses a resanpling process to generate a warped
version of the reference frame for use in notion- conpensat egy gieshpgt i on of
the current picture. This warped version of the reference frane may

I nclude alterations in the shape, size, and |l ocation with respect to the

current picture. The 18 14 SEP 2006 resanpling process is defined in terns
of a md g Prepsents UrEns i temsy ¢fcr maping hetweem thefour gormers pltha surente
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vert i cdhmsaianee dgmpduent ofethp Cugerit pigherethas mbdrnntsieizer agd f@ticaleRade gicual

nmoti on vectors v00, vx0 VOV and 5 v 1' , each conceptual notion vector
descr i nappitgoiwpedomnddyodafingig fome cérmeptugbmetien vécterme? cufP emf” pamt ure in
such a as to map it onto the correspondi ng coner of the reference
frdénme. )Ell}ﬁ%/ seash epntepbnl instiph vestor ddsedbing hBivgu meove.onbbf therforonipesns af the
prediction for a  macroblock of the current picture is then perfornmed using
bl ock- FHETEM BIgfUlG Ifusied pay s tomep i onjghscanesfoadimgeenter ghthe rafsrence

corrpliqi%%s : l.Ng - ssaras.the val ue, of ,each.10 pi xel of
t he war pe 'Fﬂér&g" e%lagl(eahfl %nﬁggﬁ %ﬁfehbz I\%@(l)oc Cor{rnﬂ%egﬁall{%dgp rﬁ‘rjlg@é%gorr?ust be
gener ategtréblockn@fthe ograit pitureas thes pefoinhvel Winghloet-mthipatipAd)edt & Beence
frame intoﬁt‘% co-ordinates of _the warped reference frane. This is done
usi ng BYAPsibferenredFaRg. dbissiemplispich thedblack mathing prosanies theivialusnfiegeh
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macroblock modes are used to indicate when global motion vectors are used. This approach

20 s less complex than the global motion compensation technique just described, but there is
additional encoder complexity associated with it. Namely, the encoder must perform extra
motion estimation operations to find the global motion parameters and it also needs to
evaluate more macroblock modes to find the optimal one. Moreover, the amount of extra
global motion information that needs to be transmitted becomes large for small resolution

25  video.

In view of the preceding discussion, it should be appreciated that there exists a
significant unresolved technical problem relating to the coding of a digital video sequence in
the presence of global motion, such as translation, panning or zooming of the camera. In
particular, each of the three previously described prior art video coding solutions has some

30  form of technical shortcoming. JM1 of the JVT codec, for example, has no special provision

for taking account of giobal motion in video sequences. Therefore, when such motion is
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Summary of the Invention

In order to overcome, or at least mitigate to a large extent the problems associated
-with the coding of global motion in prior art video coding systems, the present invention is
based on a redefinition of the skip mode concept used in IM1 of the JVT codec. The method
according to the invention not only provides an mmprovement in coding efficiency in the
presence of global motion (ji.e. motion affecting the entire area of video frame), but also
enables regional motion to be represented in an efficient manner.

According to the invention, the skip mode concept is redefined in such a way that a
macroblock assigned to skip mode is either associated with a zero (non-active) motion vector,
in which case it is treated in the same way as a conventional skip mode macroblock and
copied directly from the reference frame, or it is associated with a non-zero (active) motion
vector. The decision as to whether a macroblock should be associated with a zero or non-zero

motion vector is made by analysing the motion of other macroblocks or sub-blocks in a
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According to the invention, the skip node concept is redefined in such a
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I nvention has
20  surrounding region performed in the encoder to be duplicated exactly in the decoder. This, in

turn, means that according to the invention, no additional information must be sent to the
decoder in order to model global or regional motion.
As will become apparent from the detailed description of the invention presented

below, redefinition of the skip mode concept as proposed by the present invention has

25  significant technical advantages compared with the previously described prior art video
coding methods. In particular, the method according to the invention enables global and
regional motion within a video sequence to be taken account of in an efficient manner
without the need for complex warping of the reference frame or any other computationally
demanding operations, Furthermore, in contrast to both the global motion compensation and

30  global motion vector coding methods previously described, no additional information must be

transmitted in the video bit-stream to enable correct decoding of the video data. Additionally,
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25 significant technical advantages conpared with the previously described
prior art video coding nethods. In particular, the nmethod according to the
i nvention enabl es global and regional notion within a video sequence to be
taken account of in an efficient manner w thout the need fof4 §GaMoeX
war pi ng of the reference frame or any other conputationally demandi ng
operations. Furthernore, in contrast to both the gl obal notion conpensation

and 30 gl obal_ notion_vector codi ng nethods previously described, no
addi t i GhamimakanoRnt phmogificatipr is reavirhip aresapqraterthemethgd gcesirding o tem t o

enabl e I 4 SEP 2006 a
m ni mal lﬁgén%lﬁgrmtg? Qgﬂj{#? }d%gtc ?‘Igﬁ ! ?‘gaﬂﬁ glgp{%gqb;h!é%?‘% r%tsgpﬁf}]e&enet hod
accordlmg:rblﬁod:ltse invention into existing video coding systens that enpl oy

t he concept ski ﬂggrd&e macr obl ocks These and ot her features, aspects,
and advant agﬁ%"s ‘ﬁ CAWFSs asprects and duantages of embodimeantsrptihs presrst ore

appar e
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howev e rconjunatiornt wish it aebmgsniang doedngm iids sobehndefasod, hewmur,p.hstethe of
illustration and, no finition of e limts of th [nventlon 10
Bri ef %‘Eﬂgﬁﬁe&%l&f“xf ﬁéalesqﬁ hﬁé’é’lﬂﬁlswféhﬂsqaé“’a and Retasa defipigmotdbegr am of

a generlilﬁltyéﬂﬁ@n@@ﬁgggr according to prior art. Figure 2 is a schematic
ck diagram of a generic video decoder according to prior art and

correspondl ng to the encoder shown in Figure 1. 15 Figure 3 illustrates the
fog(gratlé)ne ) k according to prior art. Figure 4 shows the 7
poSSi bl¢ = Bt 65Edcks into blocks according to JML of the JVT

video codex IﬁgmrleisEstzhémmicrtﬂé&sdlb@ﬁm%egeﬁ%h@oldeé eﬁwa&eﬂ,tcaﬁimgwlsrﬁﬁ
vectors for mappi ng the comers of a current picture to those ©

ref er erffe pi ct ur e in the global notion conpensation 20 schene accor ding to
1205 A gLl B 58 e 8RR ok
di agr amrodndacovicsigmdiigaodie exoder shohg ih Piguite ¢nbodi nent  of the invention and
¢ OESr espondi nI*g glFlI% 3t1ﬂ$su§art]§sotgg rfoxfng(tjlm olfg mllec?ol‘i)ligckGaccordmg to prior art.
Figure 4 shows the 7 possible divisions of macroblocks into blocks according to JM1
of the JVT video codec.
Figure 5 illustrates the generation of conceptual motion vectors for mapping the
corners of a current picture to those of a reference picture in the global motion compensation
20  scheme according to H.263 Annex P.
Figure 6 1s a schematic block diagram of a video encoder aécording to an embodiment
of the invention.
Figure 7 is a schematic block diagram of a video decoder according to an embodiment
of the invention and corresponding to the encoder shown in Figure 6.
25 Figure 8 illustrates encoding and decoding blocks for skip mode macroblocks in an
encoder or decoder according an embodiment of the invention.
Figure 9 shows an example of macroblock partitioning, motion in macroblocks .
surrounding a macroblock to be coded or decoded, and the generated skip mode motion
vector for the macroblock (the darkened macroblock in the figure) according to an

30 embodiment of the invention.
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25 Figure 8 illustrates encodi ng and decodi ng bl ocks for skip node
macr obl ocks in an encoder. or decoder accordi ng an enbodi nent of the

i nvention. Figure 9 shows an exanpl e of macrobl ock partitioning, notion in
macr obl ocks surrounding a nmacrobl ock to be coded or decodedyy gfglajoge
generated skip node notion vector for the macrobl ock (the darkened
macr obl ock in the figure) according to an 30 enbodi nent of the invention.
22 14 SEP 2006 Figure 10 is a schematic bl ock diagramof a nultinedia
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particular reference to Figures 6 to 10. According to the invention, skip
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addi t i opmdicilafroferaice omFignessdsiotl0. be transnitted fromthe encoder to the
decoder. Figure [ chemati ¢_ bl ock diagram of a video encoder 600

. 1S S
i npl enent ed 2£%% lﬂgﬁ‘bﬁ‘f’t%"%‘ﬁo BcrekdP bmodemaryeblasks bha videae aoding odi ng
franes el | SR - I ner
siml arﬁ%toeﬁ} %151 t%ﬁggwgﬁgﬁfdescr ?@gdm?EQg%eenc{’)?{)%%\?\ng?’%ﬁit%ﬂelpi%e%?g?or art
vi deo eweuntba matrobloghite bd cededgleaicd] motidil PAraneeted c@iformihg BRhe 0 tbn are
The structure of the video encoder shown in

conpressed .vid frame de ] )
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forrmat and nore particularly to details of the notion-conpensat
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to that of the prior art video encoder shown in Figure 1, with appropriate modifications to the

motion estimation part necessary to implement the video encoding method according to the
invention. All parts of the video encoder which implement functions and operate in a manner
20 identical to the previously described prior art video encoder are identified with identical
reference numbers. | |
. As the present invention relates to the encoding of video frames in INTER-coded
format and more particularly to details of the motion-compensated prediction performed as
part of the INTER coding process, description of encoder 600 in INTR A-coding mode will be
25  omitted and the following sections will concentrate on the operations performed by the
encoder in INTER-coding mode.
In INTER-coding mode, the video encoder's control manager 160 operates switch 102
to receive its input from line 117, which comprises the output of combiner 116. The combiner
116 receives the video input signal macroblock by macroblock from input 101. As combiner
30 116 receives the blocks of luminance and chrominance values which make up the

macroblock, it forms corresponding blocks of prediction error information, representing the
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encoder in INTER-codi ng node. In INTER-codi ng node, the video encoder's
control manager 160 operates switch 102 to receive its input fromline
117, which conprises the output of conbiner 116. The conbiner 116 receives
the video input signal macrobl ock by macrobl ock frominput 1Qdqr@sgegonbi ner
30 116 receives the bl ocks of |um nance and chrom nance val ues whi ch nmake
up the macroblock, it forns correspondi ng bl ocks of prediction error
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for eacﬁldea(imﬂhpiek codertiize aﬁﬁ@éd&bﬂe@ﬁi@t:&h@eéﬂoﬁ mmmxeﬁ ffon®Motiba filel Z&ding06 t o
Xgrse apntizer. 108, Here they are inverse quantized and the resulting
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The quantized DCT coefficients representing the prediction error information for each
20 block of the macroblock are also passed from quantizer 106 to inverse quantizer 108. Here
they are inverse quantized and the resulting blocks of inverse quantized DCT coefficients are |
applied to inverse DCT transform block 110, where they undergo inverse DCT
transformation to produce locally decoded blocks of prediction error values. The locally
decoded blocks of prediction error values are then input to combiner 112. In INTER-coding
25 mode, switch 114 is set so that the combiner 112 also receives predicted pixel values for each
block of the macroblock, generated by motion-compensated prediction block 650. The
combiner 112 combines each of the locally decoded blocks of prediction error values with a
cdrresponding block of predicted pixel values to produce reconstructed image blocks and
stores them in frame store 120. |
30 As subsequent macroblocks of the video signal are received from the video source

and undergo the previously described encoding and decoding steps in blocks 104, 106, 108,
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25 node, switch 114 is set so that the conbiner 112 al so receives predicted
pi xel values for each block of the macrobl ock, generated by

not i on- conpensat ed prediction block 650. The conbiner 112 conbi nes each of
the | ocally decoded bl ocks of prediction error values wth a4 & fggpondi ng
bl ock of predicted pixel values to produce reconstructed i mage bl ocks and
stores themin frame store 120. 30 As subsequent macr obl ocks of the video

signal ,gre, received fromt deo sou nd under VI ousl
descri Ha Hes FW&CQN&TS&&%LJM éi)%“‘ Pt siqy 1 d’éﬂenl g last 54 14 SEP
2006 Jdfrobidck ofdhdBERAERds ¥EISIr g&sﬁéd p{z ﬁggra ﬁo%ﬂains%ohgﬂétél me store

120. When the | ast macrobl ock "o been processe frame
store Ilzcoctﬁdrftmmsvailabb:r@r vtaisya mdeoopedictiomnaferenasesframadineercodingse as a

not i on ed| ct on ref er. fra subsequently received

vi deo f° {31 Y|TRﬁ€‘|l_jE§! rf’%‘f’h‘hmﬁpfﬁgﬁﬁcgtaggf‘% of the notion-conpensat ed
pregi ction m{ef&fa'i‘[ﬁ@fmé Iﬁmﬁpc&ﬂﬁeget@d BRAictidh &)lerfaﬁﬂ\édh?y Hesr&ibad dop detail .
Encoder 600 perfornms notion-conpensated prediction in’a manner simlar to

the prallinoushedegershadiibdgtavT codec. In other words, it is adapted to
assign a co each | NTER- cod robl.ock dependin t he
charact eri S'ﬁ:}f cs g%ﬁﬁ’g ﬂggsgglg%fomgasaﬁgpﬁg&ulg@mﬂmg %"\}]iag'é’otﬂ'sequence
bei ng gReacusyIRBrBEIV T codbcMii dthecwstiagdt ﬁ%ﬁ@pt&&tcﬁa%&'gﬁ R cb@ingRAGde! 16 bhdf
macrobl ock, notion estination block 630 perforns a notion estinmation

oper at 1D ER-ended suasreiienkdepeediag on thaeharackasistiesofdbe maerobleck and die 18@on
d_ch | whi.ch, mak th
b oo e a8 Rl beind Toe et il BB i miiE o BHER T8 Ccon '

Figure ]ﬁ)nculdr nidegobleakl, AotiSn eadhatidn 166k 68 055dridrRs G96btTME SRMeGoOSRrdtonal t er
the other, in turn, and performs notion estimation in order to identify a

best rmff){:?fic{ﬂ&?dmg Fodede tup) Mekion gstimationdrleckidaceavgsdhe blacksef Inmitascef ~ t he
sel ect Q: Ear{@é @?lu%@%hﬁ&%ﬂ@@ thF\ﬁ?r#S#ﬁﬁ%&fto tb@ %o?%fop me%ii'nétpo be coded.

(The best mat c conprise on regi ons of pixel
vaI ues estimp&mdvmgmeﬂzs I(@ed“@ghrag) nhd&)mseﬁa&fea&esfﬂlapbsslible sodiAg sdeadped W t h
ver t value, for anple, a linear_ conbination of the sum of 20

| ut Cﬂfhﬁfo EriB dumy r{‘ﬁé“‘-iﬂ%eﬂs'ﬂ%i‘%@ qrderitp ddspiby & Bes metchiee
eX am nahié ARcRBbck Iﬁ?thetf@ﬁ:}en@@h%ﬂiengn iR Q oﬂ’ Sfode"30%he HR

elsd
estimated nunber of bits required to co e Ecﬁg anggrepresent rmtlon
vect or svah@n ofthg massebloek otbeltaded ¢Ehe bt mamidviﬂkmnqmsb onodi mgre basde, noti on

estimat | qinhllblg (r)ecgifonfss% plxell va tmses tclQf;j‘etnd?nogd(I)nnt?ne &ggvrm)id%{? ]%ic}?{)gs%—ngart]& el est
associated with an overall cost value, for example, a linear combination of the sum of
20  absolute differences between the pixel values in the macroblock under examination and the
best matching region in the reference frame, and an estimated number of bits required to code
{ the mode and represent motion vectors. Once a best match has been obtained for each coding
mode, motion estimation block 630 selects that coding mode which yields the smailest
overall cost value as the coding mode for the current macroblock.
25 - According to the invention, the coding modes used by encoder 600 correspond to
those provided by JM1 of the JVT codec (shown in Table 3), with the exception that the
SKIP mode is redefined to allow representation of global and regional motion. More
specifically, the SKIP mode is modified in such a way that a zero (non-active) motion vector
or a non-zero (active) motion vector is associated with each skip mode macroblock,

30 depending on the characteristics of the motion in image segments surrounding the
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overall cost value as the coding node for the current nmacrobl ock. 25
According to the invention, the codi ng nodes used by encoder 600 correspond
to those provided by JML of the JVT codec (shown in Table 3), with the
exception that the SKIP node is redefined to allow represenigig©iogf

gl obal and regional notion. More specifically, the SKIP node Is nodified
in such a way that a zero (non-active) notion vector or a non-zero
(active) notion vector is associated with each skip node macrobl ock, 30
dependimgFreiotiha qussiia e thedollowingfthis iyperafimaion vectonmwifk be eferent to as a

surroungy: EP 2006 nmacroblock in question. In the follow ng
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exhibits a certain typ& gf notjon, for exanple it_has characteristics

i ndi catiEoRpciiodisfoded. If ¥ detsrminesdhat His, surounding Fegicnsexhibiis greeptaindyneoiued
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T e B K A B bl GREERSRRA hiatto d T bt flion T hubifh. Hatfereld

macr oblaoe-ztoe saned slop mdietmotpholealor espresegiatnabf thehidtion. Onthd dtbérdaddhas an

veld or ik 2ot deigraines ot e sesior Sraronaineh e wadn ATobNIR gt PeATSRIRIL he.
't egi on getal eHRGidE1 fbBok, W SRlcalRES ﬁpin@l:gé%ﬂlt%ﬁt lgv% lo?ﬁﬁ;'tioﬁh@%?}%%ﬁééﬂfﬁér&’ ski p

nmode coding is adapted to take account | by genera
associ atehigdship medeometidn vettak Ipotheteods, ifitie amodee dtlerminepthasthetnadtiondn of t he

notion), Aternatively_.if no such tjon is present, a.zefo valued notion
vect or t?%reééoﬁlesr”gtogﬁ&eé&‘i ﬂ’é‘ePﬁ@a?RE"&‘:k@a%a §1§B aﬁc@&sﬁ_ﬁ? S{“&?én? f¥fgon to
oper at gs hdpfedd WA Hcbod of RIS geheRiting ak GéBcilIHRH- o1 MdRAgPRbAON vect or
causes a _nacroblock to be copied directly fromthe reference frane. Having
peb¥ or rBRtigRotCks repesentative af thsanatiandnltdroativedcif nofsucthmotiomis| mitsent, aadiong 20

nodes, ' | D - s, modi fi.ed,accor,din e jnventio encoder
000" got el 0o RloR s BN AR E b S0 al B0 et S b Pigle o1 o
and selopetate inhadonvestorabmaliter¢ edi Ago vaRee skip mddeanémar Rblop ckusefaquest i on.

An indicatiqon of the finally selected coding node, for exanple a variable
|engthm%fa%‘ﬂﬂ?lﬁmsb?l@B%E@@Eﬁ%ﬁﬁpwéhg&fewmtﬁa@Mr ds presented in Table 3,

Having performed motion estimation operations for each of the available coding
20  modes, including skip mode as modified according to the invention, encoder 600 determines
which coding mode yields the smallest overall cost value and selects that mode as the coding

C'..I mode for the macroblock in question. An indication of the finally selected coding mode, for
example a variable length codeword selected from the set of codewords presented in Table 3,
1s associated with the macroblock and included in the video bit-stream 635. This enables a

25 corresponding decoder to identify the coding mode for the macroblock and correctly
reconstruct the macroblock using the correct form of motion-compensated prediction.

The analysis of motion in a region surrounding a macroblock to be coded to determine
whether a zero valued or non-zero valued skip mode motion vector should be used will now
be considered in further detail with reference to Figure 8 of the accompanying drawings.

30  Figure 8 illustrates the functional elements of the motion estimation block 63 associated

with generating skip mode motion vectors. These include motion information memory 801,
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I's associated with the macrobl ock and included in the video bit-stream 635.
This enabl es a 25 correspondi ng decoder to identify the coding node for the
macr obl ock and correctly reconstruct the macrobl ock using the correct form
of notion-conpensated prediction. The analysis of notion in g &8940
surroundi ng a macrobl ock to be coded to determ ne whether a zero val ued or
non-zero val ued skip node notion vector should be used will now be
considered in further detail with reference to Figure 8 of the acconpanying
dr awi ngairoBudipg gnatiengmalykig dlock882, adhive imptioniperaaieta| genemtisn blibck 583 ast | on
estimatjon bbock 630tassoch§te€lﬂ]\f/\r% generating skip node notion vectors.
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zero notion paraneter generation block 804. The decision whether to
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sub- bl geédefinad 2egibe statounehg the abroblick ab BE kidkdli g BsTeddibatiked MabRiscoded
using a ﬁredeterm ned anal ysis schene. In order to performthe analysis,

sur r ourfghemge. B ordss o pengEn heppalyris swaropading evasion anglysis hlack802 nefripyns

ks ; _ ey s
F 1 om ot ioh i RER AORRRER, B0 fabrp8logty Bic) SO RER SR Bl "

t he 10 from heotizmtiaformation ey 801 D opeadiag on e ypetific dbilk o be arranged to
an ¢yze the continuity, velocity or _deviation of notion in the surroundi ng
mag oblBWlEEtatiqn, syrinding mation dnalysiy klock may he awmenged o pprlyasdbe ur r oundi ng
iregion et LR eV L Al - ' X ity
(a¢ dopblihs ook ot Bagdt i mtlor i the Rittdohand m ARG oF HBAKE R

di ver gemampld, i the majionun Gesturbhading cepgiorf enhibiofa @haldevdiof cagimitg) a notion is
present. As a 15 consequence surroundi ngs‘ramtion anal ysi s bl ock cancl udes
}:

that " dETPPEOREROR Kelog depifited jim Figuge, PRATIIDNGY # RytisHasiormotnon- zer o

val ued cﬁ%r@eﬁ@é?&i%ﬁ% S ¢8CGh A soRfRGBI oP oﬂ§ﬁ9're%nal Miogtipﬁfes&ﬁ.nﬁs al T the

regii on surroundi ng the Current macrobl ock does t exhibit®suc
co

i nuiongequensensuroundipginotionranalysis ibfpekeenclndesithat "actieneotain™yis preséngin f i cant

I I ti th di tj gn anal i.s bl ock .copngl ude hat
- o adbe radine dedion s adidtczertvalied Jop Bihr Bian NS PBUIoaH befped. On
consequaa bihyr Bardk iahy dgidilsuitouRding dke Em{rén@ﬁxa\ﬁ%ﬁlc{&k d_%&ol&tllt%xﬁi%ittéﬁ&ii As

shown in Figure 8, if the surrounding notion analysis block determnm nes that
"act i vecoRBnyby copangy elemty grgivengense ppdhar gaperadlyiiamignificant devgbofmotion,

i ndi ¢ attilQ Quﬁ'&mtdﬂ?gt mSIl(].()I? gﬁaﬁs?s block concludes that "non-active motion" is present in the
20 surrounding region and consequently a zero valued skip mode motion vector should be used.
As shown in Figure 8, if the surrounding motion analysis block determines that
"active motion” is present in the surrounding region, it sends an indication to that effect to
active motion parameter generation block 803, which forms a non-zero valued skip mode
motion vector representative of the motion in the surrounding region. To do this active
25 inotion parameter generation block 803 retrieves motion information relating to the
surrounding macroblocks and / or sub-blocks from motion information memory 801.
Alternatively, this information may be passed to the active motion parameter generation
block by surrounding motion analysis block 802. If surrounding motion analysis block
determines that "non-active motion” is present in the surrounding region, it sends a
30  corresponding indication to zero motion parameter generation block 804, which forms a zero

valued skip mode motion vector.
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active notion paraneter generation block 803, which fornms a non-zero val ued
skip node notion vector representative of the notion in the surrounding
region. To do this active 25 notion paraneter generation block 803
retrieves notion information relating to the surrounding napgﬁggﬂﬁﬁs and /
or sub-blocks fromnotion information nenory 801. Alternatively, this

I nformation may be passed to the active notion paraneter generation. block
by surrounding notion anal ysis block 802. If surrounding notion anal ysis

bi ock det erlmafustiquiarly adysntagequs\embegimen of ithe ipyerion: the surdrmdingregionof ng

region,_ .| S i r i indication 1.0 zero.nmti.on paraneter
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kS use Qletérﬁix?esfﬂle{tlﬁiﬁerﬁ hEdey Jr‘i"?or@ %ﬁghﬁ@q{ﬁiﬁgoﬁn{a&éﬁl&k,%é& LAIRLdiR 9

notion anal ysis bl oc 802 classifies the no n 1n the region surrounding

t he maconedd wekomeeterdsmeed o the 15 fol lowing three step procedure. Firstly,
surroundi ng 4otion apal ysi l ock retrieves notion. infarmation for the
macr obl ocks ﬁg%%rﬁgerﬁf § %L?Bflﬁﬂ’ﬁ&fﬁbe ’Pﬁ‘t’é‘%ﬁﬁé?’aﬁ\“ﬁj&‘kg mgupp apalysizbleck o

pr evi owsHR2)claBiERs aik MBGSPR 186 kzidiLhBRNARINEIhd REcIBRLRALQEKns & B8 coded, as
shown in_ Figure 9) and generates a nedian notion vector prediction for the

maét obl fglRwingHbregstaparocediyre. Hirsihs stopunstieginotion andlysis bloplethiridwss motanpl e, in

SRR o ok e R PR AR ™0 T

JVT- AOQBeviduilntnddddé matesblodkt nkigbhditg MBRacesHlodkibhE cYEEGas dfwn in
Figure 9) and generates a median motion vector prediction for the macroblock. The median
motion vector prediction is formed, for example, in a manner analogous to that used in

20  motion vector prediction according to JM1 of the JVT codec (see T. Weigland: "Joint Model
Number 1", Doc. JVT-A003, Joint Video Team of ISO/IEC MPEG and ITU-T VCEG, Jan.
2002). Next surrounding motion analysis block determines if any of the resulting motion
vector components has an absolute value lérger than a certain threshold value (for example
half a pixel). If this condition is fulfilled, the motion is classified as "active motion”,

25  otherwise it is classified as "non-active motion". Finally, depending on the classification
result, surrounding motion analysis block 802, sends an indication to either the active motion
parameter generation block 803 or the zero motion parameter generation block 804 to in
order to generate the appropriate skip mode motion parameters.

Impiementation of the surrounding motion analysis block according to the first
30 preferred embodiment of the invention is particularly advantageous for two reasons. Firstly,

in a typical video codec, such as the JVT codec, a median predictor is used to predict motion
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2002) . Next surroundi ng notion analysis bl ock determnes if any of the
resulting notion vector conponents has an absol ute value |larger than a
certain threshold value (for exanple half a pixel). If this condition is
fulfilled, the notion is classified as "active notion", 25 OH‘?EIV‘Q(}?) it is
classified as "non-active notion". Finally, depending on the classification
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I mpl ementation conplexity, since there is no need to generate additional

not i on par arfatagsksond prefened eoibddidicai of firdneditiediihesiroahdinb endtidvienhlysis t he
surroundi ng nption anal ysis. bl ock analyses the notion in vicinity of the
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pl ace iPORRPAPTEET BREHION ‘i’fé‘ 18 i etk ﬂ?ﬁ%‘"‘é‘é‘iiﬁ\ﬁfl‘a‘% clagsificatiogigythey se
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macr obltoskothadeise themsétiteriarlasvified antictiaw aidtiobi™e (that is, is out of the

picture or Condition 1: The macroblock immediately above or the macroblock immediately to

20 . the left of the macroblock under consideration is not available (that is, is out of the picture or
belongs to a different slice).

Condition 2: The macroblock or block immediately above, or the macroblock or block
immediately to the left that are used in motion vector prediction for the 16x16 INTER mode
has a zero motion vector and uses the latest picture as reference in motion compensation.

25 Operation of a video decoder 700 according to an embodiment of the invention will
now be described with reference to Figure 7. The structure of the video decoder iflustrated in
Figure 7 is substantially identical to that of the prior art video decoder shown in Figure 2,
with appropriate modifications to those parts of the decoder that perform motion estimation
operations. All parts of the video decoder which implement functions and operate in a

30  manner identical to the previously described prior art video decoder are identified with

identical reference numbers. It is further assumed that the video decoder of Figure 7
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belongs to a different slice). Condition 2: The macrobl ock or bl ock
I mredi ately above, or the macrobl ock or block immediately to the |eft that
are used in notion vector prediction for the 16x 16 |INTER node has a zero
notion vector and uses the |latest picture as reference in m)yﬁﬂ)m%
conpensation. 25 Operation of a video decoder 700 according
enbodi nent of the invention will now be described with reference to Figure
7. The structure of the video decoder illustrated in Figure 7 is
subst arbirationds thetht ieneddet deschibid infconhectjoni voith Bigiress siebis diegedas caphisianfi n

e nodifications to those parts of the decoder
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encode the macraopl ock in question. macrobl ock is encoded in skip
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macr obl;g %ﬁtuded in the bit-stream 15 Video nultiplex decoder 270
recei ves the Vi deo bit-stream 635 and separates control information,
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As explained earlier, prediction error information is encoded as variable length

codewords representative of entropy coded Zevel and run values. If prediction error

20  information is provided for the current macroblock, the video multiplex decoder 270 recovers

| the level and run values by decoding the variable length codewords using 2 variable length

decoding method corresponding to the encoding method used in encoder 600. It then
reconstructs an array of quantized DCT transform coefficient values for each prediction error
block and passes them to inverse quantizer 210 where they are inverse quantized. The inverse

25  quantized DCT coefficients are then inverse transformed in the inverse DCT transformer 220
to yield an array of reconstructed prediction error values for each block of the macroblock.

Both the coding mode indication and encoded motion vector information (if any)

associated with the macroblock are decoded in the video multiplex decoder and are passed
via control line 225 to motion compensated prediction block 740. Motion compensated

30  prediction block 740 uses the coding mode indication and motion vector information (if any)

to form a prediction for the macroblock in question. More specifically, the motion
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20 information is provided for the current macrobl ock, the video nultiplex
decoder 270 recovers the level and run values by decoding the variable

| engt h codewords using a variable |length decoding nethod corresponding to
the encodi ng method used in encoder 600. It then reconstrucisgsE@e’ay of
quantized DCT transform coefficient values for each prediction error block
and passes themto inverse quantizer 210 where they are inverse quantized.
The inverse 25 quantized DCT coefficients are then inverse transfornmed in
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are cordaiad faitietafe d0detPRNR6R] £AOHEPRARE iYro bR hieblddlin ¥ framb N

this Wa%gan arra{lmsof reconstructed pixel values for each block of the
mak® ob|SHUR 258 apd s beepmayayaiiade fortuse e @ tefpicned frame fesneticn-puepeasated t he

vi deo &géc%iizﬁ?lggpotﬂérm}g f‘%ﬁgﬁ“r“g%d are also stored in frame store 250.

Consequen as subsequen C 'ocks of the INTER- coded frame are

decoded and At¢wrdiflg taihdéaamedn fthaftibh compaiaedipy&lidtic6a0I b dechdre franme
10 stor7i)8250 and thus becones_avail able for use as a reference frame for

mot i on-'C8iFFERESFLYMOPPR Hiprmalipngperserydiogkndfine serndingimeton madysishlagk t o
the | Mt iPRotive Mot Al & BXRAIRALA D1 85 Ghi 8%e RSkon Salcfecoder - 700
conprises a notion I nfformati on nenory ocC a SOFTORM I'Ng notion

and} ysigentlatiok blo8R 304 analagdiisvte thst providedriaeBdoder 680) hatd fRctidmtblo8R3 and a
zero notion ,paraneter 15 generatiqn bl ock 804 anal ogous to those provided

in encdtiePseEds .de‘FHB_E’& i i2dpagroylpeicrsoded is skpenodoshouldhenssecigipd midy a

B on- 2o e B oo s TRty Al e, 1PC

det er nidetagminedithat amacroblock ko baoddseddbwatedodakinskipadede, isorrswidingmdton

surrou nagliap s 'E?(t,cik%z analyses and classifies the motion of previously decoded macroblocks and

20 Jor sub'-blocks in a predefined region surrounding the macroblock to be decoded in 2 manner
exactly corresponding to that used in encoder 600. As a result of the analysis, the macroblock
in question is either associated with a non-zero valued skip mode motion vector or a zero
valued skip mode motion vector. This motion vector is then used to form a prediction for the
macroblock. If the macroblock is associated with a zero valued skip mode motion vector, it is

25  reconstructed by simply copying pixel values from a corresponding location in the reference
frame. If, on the other hand, it is associated with a non-zero valued motion vector, a region of
pixel values indicated by the non-zero motion vector is used to generate the pixel values for
the macroblock.

It should be appreciated that by modifying the skip mode concept in the manner

30  proposed by the invention and performing surrounding motion analysis in the decoder, it is
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anal ysi s bl ock 802 anal yses and classifies the notion of previously decoded
macr obl ocks and 20 / or sub-blocks in a predefined region surrounding the
macrobl ock to be decoded in a manner exactly corresponding to that used in
encoder 600. As a result of the analysis, the macroblock in;guepbigen IS

ei ther associated with a non-zero val ued skip node notion vector or a zero
val ued skip node notion vector. This notion vector is then used to forma
prediction _for the macroblock. If the macrobl ock is associated with a zero
val ued BeSSPlertsdekerncpunt of glabat or degiongn@®rris eondior wqueande bythsitmehwiriogpyi ng

i xel : di.ng | ocation jn the ref e f Cf,
Phe® ot ol oA B C A LSRRI 1o Bk Bio il Dol BB 8 ot 1 on vector, o
region of piAxetminal dsceicBgipeiein@did¥s dnb6ding ancmé&dmgtéqﬁgmy&@wchixﬁ#&ed to

generate the pixel values for the macroblock. It shoul d be appreci‘ated
that by2daptRdrtpioneratea asearganes dathciba prgsentiinvention wil mow B0leserdisd sBiguteyl O he.

I nventi ' | tio nal.-vsi.s.i n, t he decoder, it is
T R e e T P T

vi deo sHjudheeomiriehdation 1G24 rTHRGernei#ll daf bk régatdydnRtal ipitiaRaial iranbédivesOt | On to
be provided in video bit-stream A term nal device conprising video

encodi ntEVaFfd igeelydes fieraents tabeaptyg; @vodagndiaultiplexynulimediagigs streams for

accor dagRnitdith 1% AhfiREaioly FAWOAL Al AURKARIGELITE ae TLlf R 10 ©

of the acconpanying draw ngs 11 lustrdtes a multined a tTerni’nal

i npl enedecede and displag gedetveld Thklfimedia@onend AT UONrddodfenddthe H SRAdBthesald be
re ﬁrded a%l a nulti ia transceiver device. It includes elenents that
cap L

ur e9VEHC BRI f el ﬁ%&ﬁ?’&%&?%&eﬂéﬂé@smgﬂ%m ssion via
8_COMMUEGERIARINSS VAL LonsAfelbarts 2Pni EFraliftRhia 1BnBhYiTan S8 0 i P €X,

decode and display received multinmedia content reconmen on H. 324
def i nesreahtime@ppheatish$ swhess abiramsabibnalhviddotel ephoal, @nenreflainse ipplioitias

recomrendat i gns t hat vern the. operatign of its yapious constituent
parts. HREs P Igtval A o steaming OhiidEp B Ipeexagil from aTaulmedisontent
appl i cagdrediSn BuCIteagetCONver sati onal vi deot el ephony, or non real -tine

applications such as the retrieval and / or stream ng of video clips, for
exdfpl e fr ondmthagpricxeefithe prssent mventien, Viethoirkl hietapplaviated bt the H.324 t he

cont ext . 1 [ e iQyenti.on, it should be appreciated..that.the H 324
o metcPhirh SRR b TE DS Bne o o RSBer o ¥ sBEYS Srliiéas il

mul t i meghHernentaiiom! suitedt HPEBAtRN Tike ByeitBd haha@nl iHoald A8 B ndtbetHanyent i ve
net hod. It should also be noted that a nunber of alternatives exist

r el at i nPpberiof @ltematiyessaishFrdatinggp deecleeationcmdamplameentasioniof the terminal
equipment. As illustrated in Figure 10, the multimedia terminal may be located in

20 communications equipment connected to a fixed line telephone network such as an analogue
PSTN (Public Switched Telephone Network). In this case the multimedia terminal is
equipped with 2 modem 91, compliant with ITU-T recommendations V.8, V.34 and
optionally V.8bis. Alternatively, the multimedia terminal may be connected to an external
modem. The modem enables conversion of the muitiplexed digital data and control signals

25  produced by the multimedia terminal into an analogue form suitable for transmission over the
PSTN. 1t further enables the multimedia terminal to receive data and control signals in
analogue form from the PSTN and to convert them into a digital data stream that can be
demultiplexed and processed in an appropriate manner by the terminal.

An H.324 multimedia terminal may also be implemented in such 2 way that it can be

30 connected directly to a digital fixed line network, such as an ISDN (Integrated Services
Digital Network). In this case the modem 91 is replaced with an ISDN user-network
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equi pment. As illustrated in Figure 10, the multinmedia term nal may be

| ocated in 20 comruni cati ons equi pnment connected to-a fixed |ine tel ephone
network such as an anal ogue PSTN (Public Switched Tel ephone Network). In
this case the multinedia termnal is equipped with a rmdem%mcﬂ;pl I ant
with ITUT recommendations V.8, V.34 and optionally V. Shis. ternatively,
the multinmedia termnal may be connected to an external nodem The nodem
enabl es conversion of the nultiplexed digital data and control signals 25
pr oduc ddtebipca. fie Figurd 10yelis 3SHNrusenadtwiork mtafaca isaep@gsant i yalsumndtias biockor
transmgssion over the PSTN It further enables the nultinedia termnal to
recei ve “data and control signals in analogue formfromthe PSTN and to

convert t herpBpA ghitiflbdih {nidiad Aaf bis6 %@ﬁﬁﬁﬁ&d ftfsOfn mgﬁm%%ﬂﬁnﬁﬁﬁnan d

processed in an appropriate manner by the termnal. An H 3 medi a
t er m nappheafions.dbused Withph smelesecornmusigetioralinig yhe naderh ©1 cambbdeepladdd eithnect ed

di tly t iqital fi. | i t h | nt ted
Serti oy Fp@pfuf s iftie, W epcopaed by Al SmuE Mo FOMIBIEIRH o 1 h an
| SDN ussampRy, MHBZWMuﬁﬁﬁdﬁqgﬁlﬁnbmaﬁriﬁﬁﬁ@eafaﬁid:ﬂrﬂiéﬁél\fé%naﬁ]m;s | SDN

user-network interface is represented by alternative block 920 H 324

nul t i mEQPBECtioR 49 thelcyriepl 2 a BensTaiiond oS isobitediclepbene netwodl] dethe praposedct i on

applic W L, r2l.ess ¢ nication |ink, the nodem 91 can
be repIagt‘g%:“gljéﬁf/’\‘/l-j W@@W&%@p@gﬁﬁ? g?lgpsl&ﬁnﬁgyégﬁ nterface, as represented by
al ternative Ibinuld S8néted Hagit BullithedROlerfidalileSignd ot Wah Ottt ba,
tewn n%@can i ncl ude a radio transceiver enabling connecfion to the

curt en

, 1$yfog drzesmission anbkacspien of videccdta itis pdvantageousio proddpbathesadeds. d
\gener atd,o, ' ' e . 1t. shoul d be noted
Shat | rcno8cr bbb ke Pl et 1R P M o Sithan oo hna
i s for apdaesniespainis dten inphepintadasal sivgld eOmbiatd furictionhd vaHVRERA0USat O
provi de, b(fﬁtch a video encoder and video decoder inplenmented according to
the pre§®H i nvention. Such an encoder and decoder pair is often

p
i npl ement ed Rgyricad MY iR ' Ly e AS:
"codec". A typical H ?ﬁlﬂﬁrml td%%Q@I%%PE%E#Pb%&;% %éﬁ%e&segarﬁla%lég I n

f ukX herrefgeanae ko Righte 1015 reference to Figure 10. The nultinedia terninal 80

| nl udes. vi A5 aEe R TR GHAE P G O] ORGSR LI |
equipment”. This includes video, audio and telematic devices, denoted generically by
reference numbers 81, 82 and 83, respectively. The video equipment 81 may include, for
example, a video camera for capturing video images, a monitor for displaying received video

20 content and optional video processing equipment. The audio equipment 82 typically includes
a microphone, for example for capturing spoken messages, and a loudspeaker for reproducing
received audio content. The audio equipment may also include additional audio processing
units. The telematic equipment 83, may include a data terminal, keyboard, electronic
whiteboard or a still image transceiver, such as a fax unit.

25 The video equipment 81 is coupled to a video codec 85. The video codec 85
comprises a video encoder and a corresponding video decoder, both implemented according
to the invention. Such an'encoder and a decoder will be described in the following. The video
codec 85 is responsible for encoding captured video data in an appropriate form for further
transmission over a communications link and decoding compressed video content received

30 from the communications network. In the example illustrated in Figure 10, the video codec is

implemented according to IMI of the JVT codec, with appropriate modifications to

33




ref erence nunbers 81, 82 and 83, respectively. The video equi pnent 81 may

I ncl ude, for exanple, a.video canera for capturing video i mages, a nonitor
for displaying received video 20 content and optional video processing

equi pent. The audi o equi pment 82 typically includes a m crppignggegf or
exanpl e for capturing spoken nessages, and a | oudspeaker for reproducing
recei ved audi o content. The audi o equi pnent may al so i nclude additional
audi o processing units. The telematic equi pmrent 83, may include a data

t er m namplidgeespb errodified SKAD masle cphéape boardingto the smviention metmth theansaler ver |

such a Lt .~25 .The video equi pnent 81 is coupled to a video codec
85. Thzan\gitﬂoﬁ:%eccg:g eogt%es‘ndg%ﬁ% %ses a video encoder and a correspondi ng vi deo

decoder, botThd tihigaRNMRTD 8§EPMERITY codpled 100an AMRIEIARE - desdied AR gRROQARF and

a decoder will be described in the follow ng. The video codec 85 is
r es pondFisreace spmperc8filiee hapidaesaded, daudin eoden comprigns o pnécdeddécoden f or

f her,__. i ssi i cati | i.nk and di d
Ui i epaint IRBRBSLAD SE Lo TN ERLAPS aidif S ARRERSFR ™ i SRERIS orm e
i || ust rfat eshsomisstorgoveg tHdconi@nivittiee 1HRAAE tlafisfoln@brREBE AdiAGAPTdERNEat 0 IM

of the JVT codec, with _ appropriate nodifications to 33 14 SEP 2006
i mpl emdFim thenchenkitagk g ador guitablmbos pepradustieni fag examnltien thedermingdis i n bot h

t he en ' he .t ynal.' s e}

cqui gy opg SR AR bl fodEe ARG BH ey kil ThiZonpetre: ence
nunber B6theldelags intduceltsy hedideo dollinggisoitess aabbas esiRssisyachré@fisation of

en der/aeco er, SOrﬂ%ai r. It converts audio data captured by the termnal's
auﬁ‘?o & 1%‘1?3_ rﬁ’de! Bt orm suitabl e for transmi ssion over the

‘comuni cat | o} #bt@ﬁ] @hdol bREE 8BS 'bfrﬁmfeeiﬂ&lﬁﬂﬁgia %iﬂa]%h?ofs%ﬁ&—ltél—ﬁ o om t he
network back info a formsuitable tor reproduction, for exanple on the

t er mi naigmeilingosthgrmadppropribitecantrivoppitotadol (signalingi ockogB) do Estalizh aedmintora del ay
bl ock 87..This ¢ nsates . for.t.he del ays, introduced. by. t vi deo codi ng
proces§n%ﬁﬂﬂ#Wﬁ?%gH§ﬁ N2 ANSNYHRE 4% 6_CSP?HTS“%WB¥ghﬁﬁ@ngﬁﬂ%gk%%ﬁgent.
The sy sékeRangefinfenbaGkodih®Endolif g%htdee&ﬂhé‘c%;ﬁféﬁﬁi@ébf e %ﬁﬁli&fng and

end-to-network signalling using ai appropriat ontrol protoco
( slynaltesangns kaprnagind usbd fos¢nahlegbermmivusrodingaficdsp of tieivideolatodeen a

transmti nd cel yhng term.nal . The signalljng,bl ock.88 exchanges
1t o maitesHeRontol 685 Kk Al BATOR e usf BF 4Rt BRRpliE 1mlo it iopgsdding

t r ansnithé typg ofiBELrIBlidrELDeuisbdirt m%nﬁssi&dis@&ehﬁdﬁ estrilioRddkesd e

vari ous. codi _nq nmodes of the video encoder. he system control bl ock 84

al so cdht meltplexce dgmultplexgs (MUSHPIMYX wwt) 90nf or mati on regar di ng
During data transmission from the multimedia terminal, the MUX/DMUX unit 90

20  combines encoded and synchronised video and audio streams with data input from the
telematic equipment 83 and possible control data, td'fbrm a single bit-stream. Information
concerning the type of data encryption (if any) to be applied to the bit-stream, provided by
encryption block 89, is used to select an encryption mode. Comespondingly, when a
multiplexed and possibly encrypted multimedia bit-stream is being received, MUX/DMUX

25  unit 90 is responsible for decrypting the bit-stream, dividing it into its constituent multimedia
components and passing those components to the appropriate codec(s) and/or terminal
equipment for decoding and reproduction.

If the multimedia terminal 80 is a mobile terminal, that is, if it is equipped with a
radio transceiver 93, it will be understood by those skilled in the art that it may also comprise

30  additional elements. In one embodiment it comprises a user interface having a display and a

keyboard, which enables operation of the multimedia terminal 80 by a user, a central

34




the type of encryption to be used in data transm ssion is passed from
encryption block 89 to the nmultiplexer/denultiplexer (MJX DMJX unit) 90.
During data transm ssion fromthe nmultinmedia termnal, the MJXIDMJX unit 90
20 conbi nes encoded and synchroni sed video and audi o streans )Wgp@Rat a

i nput fromthe telematic equipnent 83 and possible control data, to forma
single bit-stream Information concerning the type of data encryption (if
any) to be applied to the bit-stream provided by encryption block 89, is
used t @reeissing un, suple ay/piriiceprosdssor, Gdiictespurodt thg bjocksuesporsiblertiridiffdrested and
possi bl e‘ncr§ h‘r??d lg},ll ti,nedia bjt-streamis being received, MJX DMJX 25
uni t 90 PE PR g Irgimetiateupel, grandgm frsets memery, > @ir¢AdAMbyMemOrYat o i t's

const i tRIEM, andh i @ﬁm@erﬁ.mﬁéﬁo%%rmﬂﬁgtiﬁgﬁﬁgmﬁ %rﬂé‘ﬁ the

appropriate codecé_s) and/or termnal equi'pnen
r epr odf@d$ eprresppnding tanilie thiaste dimections of the imB0midiadermoinil 186, sataredialthe tdadt i s,

If 4t i | Kt h.a adi o transceiv 3, It will be_understood by

t hoése s’%}fﬁ%@%?)ﬁﬁpw& and pan _%?xe’lc'fltef’fﬁ?re@!“gSgi??ﬂ%fﬁ’?‘?éo?rg@s%fﬁdfof EXaPieel enent s.
I n one @xbOcHnRNs the uSATH dce8flaAcd iR tHe¥r8EhAL& R ANk RcBpiiceRbAYsea i 2
keyboard, which_enabl es operation of the nmultined a tern‘FnaI 80 by a user,

a cent rragio transcrivesfpio fam 2 ganeetini wigh amigbilesoumuadcationncmapk,crellsgy ,  whi ch
cont r olife L& ible .for. different, functions of the nultinedia
term natfi? a rlgn %%%%D%EEQ?%%DSWI Bigyma loPé%ﬁl%WF?vﬁmﬁ/ﬁuoﬁéﬂm fd a

di gi t almetilayommuilieatithGicopsROessofadfo PRABr ating instructions, that is
program code corresponding to the basic functions of the nultinedia

t elhi nal 80, Thednistopressssor mgratorsthy stitenf] the peavamtyrfmening wanteels thedigitadcut ed as
f.equi r edyfey: ' {10 anpl nder trol of the yser. In
ccor danm, i RsPhet 008 BEE RS Bman e R Seosdd PR et et o 2l

t r ansceligital irf88gets dntb dhea R AM. dDweCin iffagwbi digalMibéd SqiaeuEpRik@brnet work,
enabl Img‘?ﬁ tpeI | t.i r’rﬁldi atermnal 80 to transmt information to and receive
i nf or mal TBRYYS 3 ung SRS SEfSh RMIEIPTRBISIF REBos e inngr intpamsee 10
The M GEBRERS ¢oP StariPBlaRicbISRS) SldlsEs Bl dhBSud AP herkHBhbRSGE ANTLrERRY ' O S

t he digi _ canera. In response to a user na i Cropr ocessor
i Nkt r usnsoding ofthreegmernds meardeidto géheriatead canymrgessd imige sepeerRAMs cplathedin | NRgE

SAET OIS N e T R e W
segmentcapihicl inRXad Rs ABSRYBE REdenll 1R CbriREssel HRIcB REQRRLe &s%g,g&%fr&’&im mot i on
conpensat ed 15 encodi ng of "the segnents in order to generate a conpressed
i mage Seaaseehcs 93 4 arothgranwiéimedia terminal, a video telephone connected to a fixed line
network (PSTN) or some other telecommunications device. In a preferred embodiment,
20 transmission of image data is started as soon as the first segment is encoded so that the
- recipient can start a corresponding decoding process with a minimum delay.
Although described in the context of particular embediments, it will be apparent to
those skilled in the art that 2 number of modifications and various changes to these teachings
may occur. Thus, while the invention has been particularly shown and described with respect
25  toone or more preferred embodiments thereof,, it will be understood by those skilled in the art
that certain modifications or changes may be made therein without departing from the scope
and spirit of the invention as set forth above.
| In particular, according to an alternative embodiment of the invention, surrounding
motion analysis block 802 is adapted to classify the motion of a surrounding region into more

30  than two motion classes. For example, one meaningful classification involving three classes
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t he foregoing description. A user may comuand the nultinedia termnal 80 to
di splay the captured inmages on its display or to send the conpressed video
sequence using the radio transceiver 93 to another nultinmedia termnal, a
vi deo -t el ephone connected to a fixed line network (PSTN) or,sqipe gk her

t el ecommuni cations device. In a preferred enbodi nent, 20 transm ssion of
image data is started as soon as the first segnent is encoded so that the
reci pient can start a correspondi ng decodi ng process with a m ni num del ay.

Al t houghf leseT wbeid belcohimmeedingbn"0 Fadiist dteh® hn " RANI®B hivtioht. At be
apparent to those skilled in the art that a nunber of nodifications and

var i ousWeh#gts mogion pametess fithgyypicabsase e continihusmotitv Lan hengeneratednt i on

has b ' . . Lhed with . .
ot orr e crsoug TNV HER Tl BESRTO o bBuSiliein |

t he ar tblothitremevédand astid fiotioh baametsh eRARYQSHIGHY isARtIREE fdrhfrtkd i t hout
departing . fromthe scope and spirit of the invention as set forth above.
I'n par tMede macroblagks-di ng to an al ternative enbodi nent of the invention,
surroundi ng } Fhir C %ﬁ% I . CJ i fy t noti on of
a surroundi n‘ag%%@gﬁ@?nt 0 rr%lrt'(%‘Jngtg‘i(g3 ar(llIl 'ﬁ&%qgn%{%:ﬁg%ﬁ@fnétgégﬁn%gp E}%xarrpl e,
one neambtigd adalyhislsisck iociatlicate thawladsificagoit hifegnatioasteIndiddiiohds PiRid2A®g  of
noti on uld be "continuous, mptjon", "active notion" and "non-active

mot i on" Othprmeaps{for gxamplcas side infgrmatipnda macsetleck, slige, plre ppFelFNEase of
conti nugyggyrotion can be generated. In another alternative enbodi ment of
the inventi‘on, the surrounding notion analysis ' block is renoved and
acifve noti o yréructhtraritegmhee anbodinteht die susroanding ataibnfannlyaisbldchansikbep 5

inode magr obl ocks. .Accor di to.a thither alternative enbodi nent Instead of
using t Epgwﬁ%aﬁﬁﬁﬁémwﬂgamgh%gﬁ?ﬂm ock to indicate the classification
i nf ormati on, Inf[;ﬂl@tﬂepQltéi’ﬁiﬁx%{hﬂpﬁeﬂ?é&ﬁéﬁoﬁ?ﬂlle!?ﬂacr&ﬁ&ﬁ{ mBBaHBIE MhaSiAnP! € as

side information in macrobl oCk, slice, picture or sequence levels). 10 In
yet anodépsndiag oethreutpet of tisothimesnding rimsionwnakysin $lovl tongiviedngten phiysiystobl ock

b i |y disabled bl i th L t

TR oF B R inotes 18 PisfiCa BhonSRRAE fheortaBlaer mibe Lobig 1 comieial

depsndi fegediated Gepntidiglonthe biGuSIFhOURFHABINERhb S ARRsKHISHD lf&(élﬁ?%mﬁlegi ve
e

hi gher g{si ority to nore likely nodes. In a related enbodi nent,
nacr obl BrremayiRg thgskig- i s conpl etely 15 regenerated depending on the out put

of the surroyRfiig afB 'k APpRBRted That alliP HotidLpariHBR! Seneration block 803 can

be implemented in various ways. In particular embodiments of the invention it is adapted to
generate the motion parameters, for example, based on the continuance, velocity or deviation
20 of the surrounding motion. Additional side information can also be sent to guide the
generation of motion parameters. In an alternative embodiment the active motion péi‘ametcr
generation block is adapted to output multiple motion vectors to be used in different parts of
the macroblock.
The invention can also be used to generate motion compensated prediction for other
25 Macroblock modes in addition to or instead of the SKIP mode. 1t is also not limited by the

macroblock structure but can be used in any segmentation based video coding system.
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by renoving the skip. It should also be appreciated that active notion
paraneters generation block 803 can be inplenented in various ways. In
particul ar enbodi ments of the invention it is adapted to generate the
notion paraneters, for exanple, based on the continuance, veipgéﬂxmgr
deviation 20 of the surrounding notion. Additional side information can
al so be sent to guide the generation of notion paraneters. In an

al t er naWhetas elbvodiisrent t he active notion paraneter generation block is
adapted to output multiple notion vectors to be used in different parts of
.the macrobl ock. The invention can also be used to generate notion
conpensat ed QhefidddfeRot @ copfpRBsatedRediBsPRY ASKinBRES AN Bf Adgithlivadect O OF
instead of the SKIP node. It is also not linmted by the macroblock

st r uct Lieauange, seisrdigical ivided seqrennsg corappining animberied Sisthey, sdislonetbad ng system 36
14 SQEP : o I ainmed is: 1. A nethod of notion conpensated

pre icf%%ﬁﬁ?g¥ﬁﬁége$“&%ncoding of a digital video sequence, said digital

vi deo sequenssigtiagardodinggnaietd azegmert of b @@ Trantai fdhdRighatte %o bOBRIEd Ng t he
steps of; assigning a coding node_to a segnment of a first frame of the

sequencSMEINYEOTrREERsasated Ricdistipp Mith resperhie asaecad framenidhe spquencensaibspect to
_ . . ; ¢ <ot of
Sozgfgr%d%%gl ngeq;r%ﬁué;(gn I nclé%lu gl g"s%mse%"g&%o@e, S%@’ﬁé‘?ﬁé glggﬁg)%g’ck{?%&%%ge, OWhen

assi gnedid skipsmiode, yempmentigedd tb saidfsegmentfof dreefirst firahh € dhdisates dither 10 (i) that

t he segnent insignj ficant, | evel of tion, .in ich case, formng a
predi ction f(g?tﬁ?t?fge h Ay IEﬁWSﬁ@t&‘?VFEEBPW‘?”P WH‘%&F‘% hg region
of L he esiesh fof HRISRem@t tyl doby B ret NP HOAU GlcsfiAding HBbh BRMENBLAR! ST I Sti C

of global or regional notifon"inthe ‘video sequence,” ih which case, form ng
a predifsamenrfor the segment by notion conpensated 15 prediction wth

o1 obal or v & SREFEAGERER s Bt TRih il el 8 b PR s, ' 5

conpr i stid deljeerst ap vaficlpedst,dotthing adtedtnyol the sedmém biyQfotiod o%rrfé)@ﬂila&ﬂ of the
first frane_surroundlng)the segnent to be encoded in order to 20 determ ne
a diar auedetion with grspedido theiseennd framewsing mgtiehinfagmapiopspaesentativeeiiidy t o

claim %lowgfféigfbnﬁ%gti&ﬁgi on of the first frane surrounding

2. A method according to claim 1, further comprising the step of performing an analysis
of motion in a region of the first frame surrounding the segment to be encoded in order to

20  determine a characteristic of the motion in said region.

3. A method according to claim 2, wherein said region of the first frame surrounding

the segment to be encoded comprises previously encoded segments of the first frame.

25 4. A method according to claim 2, wherein if it is determined that the motion in said
region of the first frame surrounding the segment to be encoded has an insignificant level, the
skip mode is assigned as the coding mode of the segment and motion information indicative

of zero motion is associated with the segment.

30 5. A method according to claim 2, wherein if it is determined that the motion in said

region of the first frame surrounding the segment to be encoded is characteristic of global or
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the segnent to be encoded conprises previously encoded segnents of the
first frame. 25 4. A nethod according to claim2, wherein if it is
determ ned that the notion in said region of the first frame surroundi ng
t he segnent to be encoded has an insignificant |level, the :ﬂgéggaﬁg IS
assigned as the coding node of the segnent and notion infor n
indicative of zero notion is associated with the segnent. 30 5. A nethod
accor diragjona nudt@inmh2 skipheodsi in assignet! ab thedetlmpmaodec filadegtneet andtmetioni N sai d

region.of the first. fr sur roundi,ng .t he se nt to pe encoded is
char act! {OPW@ {ppicgiivalithg globar jogiciebmagion i g’%&i"ﬁﬁ‘&l“ﬁ?ﬁ%ﬁ’ﬁ}s fseciaelp node
I S assiwifeghe &g codi ng node of the segnent and notion information

i ndi cative of the global or regional notion in the surrounding region is
associated wth the segnent. 6. A method according to claim2 wherein

5
said anal ysis ¢ rises. exam.ni sai.d reqgi.on of the first.fra
st Pourtai ng AR AT ERrEIS Cltih 2Bt v 58885 ombir e RpE A ast  one
of the rbgibh oPhedirityR@se SrroliBding Baid 6ERhéM WOV eBRHED orB®ith MEnfifVAtNEsA COMDN
velocity, _and potion having a certain deviation. 10 7. A nmethod according

to cl aigweof thefellewingitypes of expiient capfingons metions mptignhaving 8 kemmegivelecithf t he
first faﬁlﬁ'ﬁ?otﬁ)ﬁrh%gﬁggic{%ﬂajh%vﬁﬁwnt to be encoded has no notion, the skip

node i s assigne e codi'ng node of the segnment and notion infornmation
indicative of zero notion is associated with the segnent. 15 8. A nethod

of ti.on conpensated prediction for use in decoding of an encoded digital
vi ddo sﬁquer&n&eﬂ@ia&fm ’@gtt%FfaW&eWg%H\}gﬁé%@E%ﬁf ﬂ@%ﬁ@t feamng ishe regions r anes,
sai d £l [ : RV jiadi I; :a codi ng
e acee s RARE S DI IALE L GRRnPly b S DO p Y, SE R MRIE Cecoded
usi ng rassigerd asdipending mddpettlie segnamt wid moties patmation andiextionof ferame of 20
the sequ nce saiid}?godlhn@ node being one of a set of possible coding nodes
i ncl udi Y §ﬁ?38°a de BRCETYr i ni ng, when said skip node is indicated
as the coding node assigned to said segnment of the first frame, (i)

whet her said skip node indicates that the segnent has an insignificant

| evidl o 25\ msthodref matiopsommensated predietianfor ssepadsendsn pffancingedegrligital t he
> ROMentyiddh PRIdBE T difical SRRY'sBEcHES Eihbutsild MRS Ve HERRY WA WehSO' O O
comprising the steps of:
~ receiving an indication of a coding mode assigned to a segment of a first frame of the
sequence to be decoded using motion compensated prediction with respect to a second frame of
20  the sequence, said coding mode being one of a set of possible coding modes including a skip
mode; and
determining, when said skip mode is indicated as the coding mode assigned to said
segment of the first frame,
(i) whether said skip mode indicates that the segment has an insignificant level of
25  motion, in which case, motion compensated prediction for the segment is performed by
copying directly from a corresponding region of the second frame, or
(i) whether said skip mode indicates that the segment has motion characteristic of
global or regional motion in the video sequence, in which case motion compensated
prediction for the segment is performed with respect to the second frame using motion

30  information representative of said global or regional motion.
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(i1) whether said skip node indicates that the segnent has notion
characteristic of global or regional notion in the video sequence, in

whi ch case notion conpensated prediction for the segnent is performed with
respect to the second frane using notion 30 information rep(rjﬂssqﬂ,tz%g&ve of
said gl obal or regional notion. 38 14 SEP 2006 9. A nethod according to
claim8, wherein the determ ning step conprises: performng an anal ysis of
noti on % n a Apmethodastardingdo datn Beghemindhe tléternfinmgtstdpreampriseur r oundi ng t he

segnent to in.order 1.o determn characteristi t he notion
in saidr egll%{‘)f?\ﬁﬁ@g%g.a‘n%ysr}%f)ﬁ%’aﬁ%glﬁEﬁeﬁlﬁu?%%s(fogileﬂf@f%\?é%‘%ﬁff?bﬁ% anal ysi s
conpr i sesoending the 3egrhdit to Pé 830oBetinyordeas dedhidg iaQRattefifie: dfithSinofibiie
surroundj ng said segnment to be decoded in order to identify at |east one

of the SFITFHRng types of notion: continuous motion, nmotion having a
comgon velocity, and notion having a certain deviation, wherein if said at

| east one type of 10 notion is identified in said surrounding region, it is
det er mifed thatethodecsddingnodiaim Agwhatmssaid dnatysishenpeigisixamimingthcdecoded has
noti on charaftgria%ic of ?I oeggl g regional notion in the video sequence.
11. A PEPROELALEOH 15goneT drefiny ame pliringingrsaid seggppirie berdeeadad 11} 91der 1 r ane
in the d BBV Felcie ale J f SHE L he
segnent to b?%g%bg{j%i}j has ﬁ,go no t?(’é?lsq;flllil&ﬁ)g g(gelft%l}l%ig ned @ﬁg@ﬁ@h@ggfg node
i ndi catcemmdiaicladify, gwlgnetinn hayings ceeooddidias, whereini§ sayhaf eashone typoef  of

not,i.on. . -A.vi deo, encoder artanged to.epcode a, digital. videa sequence
it ™ matfon i hAB R BRSO A0GAR Baton, R S0 Ting Paftnt Mo indfds

conpr i shatgheseghhiehe befdebddidas mdaba ch20Rasiek of eIkl & rBfiondTeddtonliR the
assigning a coding node to a segnent of a first frame of the sequence to be

encoded4F8i5RgHREE-i on conpensated prediction with respect to a second frane
of the sequence, wherein said coding node is one of a set of possible
nodes including a skip node; 25 and neans for formng a prediction for the
segnentll. whex miethodacebrdinigpo nhaite 9, whenin 165 segnad of heFritdramegimend of the

first frane indicates either (i)_that the segpent has an |nsignificant
| eVl @Fewshyo%coa?ge mogw?&l}%f(y,sg Gameg SWW@%‘IG segment to be decode% has no
: motion, it is determined that the skip mode indicates that the segment to be decoded has an

insignificant level of motion.

12. A video encoder arranged to encode a digital video sequence using motion
20  compensated prediction, said digital video sequence comprising a number of frames, said
encoder comprising:
means for assigning a coding mode to a segment of a first frame of the sequence to be
encoded using motion compensated prediction with respect to a second frame of the
sequence, wherein said coding mode is one of a set of possible modes including a skip mode;
25 and
means for forming a prediction for the segment, wherein said skip mode, when
assigned to said segment of the first frame indicates either
(i) that the segment has an insignificant level of motion, in which case, said forming
means forms a prediction for the segment by copying directly from a corresponding region of

30  the second frame, or
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means forns a prediction for the segnent by copying directly froma
corresponding region of 30 the second frame, or 39 14 SEP 2006 (ii) that
t he segnment has notion characteristic of global or regional notion in the
vi deo sequence, in which case, said formng neans fonts a prﬁf’éﬁio‘é@ for
the segnent with respect to the second franme using notion information
representative of said global or regional notion. 5 13. An encoder
accor di ng t diipthat the s3egméni hasmoticn plmracténgic wé globalf armregiomd! yritieg imtitei on in  a

regi on t first firame surroundi ng the.segnent. .o be encoded in order to
det er m‘ﬁ%eoasgg%%lg‘?’a{}é twélll‘?%‘fais%’ Sglflof#ﬂlémﬁgﬁaﬂﬁ fqnﬁsgas%ﬁe@w&%‘b F’(S fhe segment with, "o coder
accor diregpetito ¢hedetdBiramb @58k Pnotidh Gnfoftaatioch roftefRBM e bSsAd bRBgeF to anal yze
notion in previously encoded segnents of the first frame. 15. An encoder

accor diTRgord UMM 13 wherein i f said anal yzi ng neans deternines that the

motizon in said region has an insignificant level, the encoder is arranged

to assign the skip 15 node as the codi ng node of the segnent and to

associ dBe noAn ewodefacoringan claieli 10afiirther @Smpristigombmisifornanal yzigthetigegment to
coder accordjng to claim 13, wherein if said anal yzing

be encoded. 1&. %1 e A
means dEE@iCRoh e firptirame shrrqtpding the spementitorhegnededsin prder 19 defgrminedre

sur rounglhRetelif: SIREERROA ¢ Dfid RiRded is 20 characteristic of global or
regional notion, the encoder 1s arranged to assign the skip node as the

codi ng node of the segnment and to associate notion information indicative
of 1 helgflob or .regi onal trmii.o(r:,[in t he suyroundi nlg region with the
segment to gcederdyeoning ta claim J Gy whersi gt g THeaRs i§ FENZEHEY ei n sai d
anal yzianglypeasos aiprelidasty ¥Bedtied sedmdi®d of e ntd ivineg at | east one of the
foll owi ng types of notion: continuous notion, nmotion having a comon

vel ocity, and notion having a certain deviation. 18. An encoder according

to claiym 13, LN j 1al%z .m t ment of
the t it rAlbRoehe ol AR MELREIEF 080 ARHSA PR Mbomiyes SR TTL
be 30 eheowtdn residwegiontliasan isigifaaoRes], the edtdden getrahgedi®sgan tHiekiKi p
rmqg as the codi rmd& 40 14 SEP 2006 of the segnent and to assqciate
mot}P on MofiecS i Fasing made of the eegsrens anditoAssacinte wotipn ffgrmation indicative of

zero motion with the segment to be encoded.

16.  An encoder according to claim 13, wherein if said analyzing means determines that the
motion in said region of the first frame surrounding the segment to be encoded is

20  characteristic of global or regional motion, the encoder is arranged to assign the skip mode as
the coding mode of the segment and to associate motion information indicative of the global

or regional motion in the surrounding region with the segment to be encoded.

17. An encoder according to claim 13, wherein said analyzing means comprises means
25  for identifying at least one of the following types of motion: continuous motion, motion

- having a common velocity, and motion having a certain deviation.
18.  An encoder according to claim 13, wherein if said analyzing means determines that a

segment of the first frame in the region of the first frame surrounding the segment to be

30  encoded has no motion, the encoder is arranged to assign the skip mode as the coding mode
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segnent to be encoded. 19. A video decoder arranged to decode an encoded
digital video sequence using notion 5 conpensated prediction, said digital
vi deo sequence conprising a nunber of franes, said decoder conprising:
nmeans for receiving an indication of a coding node assigned {Q% fggnent of
a first franme of the sequence to be decoded using notion conpensated
prediction with respect to a second frane of the sequence, said coding
nmode beif thy segmentfand te essodfitepuaiginth®rmedompdivetiesof ZE6® mntdndithghea ski p node;
and meaps é rtogorm' agda prediction for the segnent, wherein when said skip
nmode i SETHUITAT EHC°EE t he codi ng node assigned to said segnment of the first
frame, the decoder is arranged to determne (i) whether said skip node

i ndi cates that the segnment has an insignificant |evel 15 of nmotion, in

whi ch dfse <avides deqererprraaged tordpendanan eneedest digital tviden segenchusinpgetion by
copyin ' | g a I ' ion of. th ne- fr qor (i)
wnether BRIt R ARARAE ARb R Sufiink S REER i & B

char actdecdadst campfisigd:obal or regional notion in the video sequence, in which

case said form means formng the prediction for the segnent by notion
conpensat ed BRI R decetviphatindipatien ple toding mrde assienad i 3 segmentohagliisbt i on

i nfor Wah%ﬁtﬁ@éeﬁﬁﬁ%@(f b¥ Becodbd ?ﬁhg'ﬁ&lﬁgﬁ%mﬁénsﬁt%@ o R o QY 10 n{:pto.da‘
decoder according to claim 19, further conprising nmeans for ANA yZi ng

not i on seepnd frapresnfitheisiquentecmitbcbdimginode béing bee 61 # 8t of pasibleseadimpminadasg t he
sequnti t&).be codogﬁ_ in order 25 to determne a characteristic of the
oty on RAUURE A KR WAMs: 40 © A decoder according to claim 20, wherein if said

anal yzi ng meadass #R6eiiTh 8 rddidiontthethe SBEAGR wikbrSiftveheh 88 ARipASIAR
insignificant |evel, the decoder is arranged to associate notion

i nf or makdiesied #xdthe sedingmerc assignede saih ssgment ofitbe Sieyf fame, ths dseodtesoded. 30 41

14 SEP g%m coder according to claim 20, wherein if said anal yzing
nmeans de ee%tﬁégteﬁﬁgtg the notion in said region is characteristic of

gl obal or regi ond) whetticogaid kkip nilriedaditatesthar tha Bgp@tbnt Bas ASESGhificant 1Blel on
i nformation indicative of the global or regional notion in the surrounding
redison wit hof H@t]gg,dﬁéﬂpclf ¢pse gaid forgupgmeans forming the prediction for the segment

by copying directly from a corresponding region of the second frame, or
(i) whether said skip mode indicates that the segment has motion
characteristic of global or regional motion in the video sequence, in which case said
forming means forming the prediction for the segment by motion compensated
20 prediction with respect to the second frame using motion information representative

of said global or regional motion.

20. A decoder according to claim 19, further comprising means for analyzing motion in a
previously decoded region of the first frame surrounding the segment to be decoded in order

25 to determine a characteristic of the motion in said region.

21. A decoder according to claim 20, wherein if said analyzing means determines that the
motion in said region has an insignificant level, the decoder is arranged to associate motion
information indicative of zero motion with the segment to be decoded.

30
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5 23. A decoder according to claim20, wherein said anal yzi ng neans
conprises neans for identifying at |east one of the follow ng types of
notion: continuous notion, notion having a conmon velocity, notion having
a certain deviation. 10 24. A decoder according to claim 20, bp 1f
sai d anal yzi ng neans determ nes that a previously decoded segnment of the
first frame in said region has no notion, the decoder is arranged to
associ @2e novt denedprrcopnging torslaim@iOc whereim iffaid enadyzing imgansMetdrniites tisédheent t o

be de o 25 A multi La termnal, . conprij.si ans .for obtaining a
i gi  arndp Sa et Mater B ol Bprreiona el Ak SRRRZ st anked B g1 1 2
vi deo ssguRieRotish Morfition indi €0 8N ErigdsbaPbediohhiGReticiahGhdlh@iouadinyi deo
sequence conprising a nunber of frames, wherein the video encoder

conpr i de&on yethfhesegnrest todegdegeedg a codi ng node to a segnent of a first
frage of the sequence to be encoded using notion conpensated prediction
wWth respect to a second franme of the sequence, wherein said codi ng nbde

i s one28f aAsdtcodér poadiny te chide®, WhedelitkattDaralyokigimead ompAsd mgas forf or
forning a_prediction fg{ t?e segnent, wherein said skip node, when 25
assi gnetFiiEyins piieast great thg dollavdng fypes of matien: confinuons aetignsAetionhayingat t he

SegentcoRforldds! 86 Ve 4 4Pk Blvidlfl on. N whi ch case, the video
encoder is arrangéd such tha% sal dp ormng nmeans forns a prediction for the
segnent by copying directly froma correspondi ng region of the second

fr , ;r (id ). that the.s nt Jhas, noti.aon .characteristic of glaobal or
r eglﬂgngg ' m)t4 Q%COPW AohY "@%ggfaﬂfgg s WSt ,Sm& ﬁnwlﬁ%m@%%fet %8 encoder
i's arr pagechstudRolddibdegirhCofftR Mish Grafedn Said i’e?g?']&rﬂlaﬁ% mARR, tHeQUehBeRis
prediction for the segnent with respect to the second frame using notion
i nf or matteBEedrta gpsosiakn metieminggrmatipy inglicatisg obrero awition aithrthe segment e A
mul ti mediyeler mnal conprising: 5 means for acquiring an encoded digita
vi deo sequence; and a vi deo decoder arranged to decode the encoded digital
vi deo sequence using notion conpensated prediction, said digital video
n rising.a n r of frames, said
Seqyenss, Coqxpmlu t{méqdia tenyuqlb , comprising !
means for obtaining a digital video sequence; and
a video encoder arranged to encode the digital video sequence using motion
compensated prediction, said digital video sequence comprising a number of frames, wherein
the video encoder comprises:
20 means for assigning a coding mode to a segment of a first frame of the sequence to be
encoded using motion compensated prediction with respect to a second frame of the
sequence, wherein said coding mode is one of a set of possible modes including a skip mode;
and
means for forming a prediction for the segment, wherein said skip mode, when
25  assigned to said segment of the first frame, indicates either
(1) that the segment has an insignificant level of motion, in which case, the video
encoder is arranged such that said forming means forms a prediction for the segment by
copying directly from a corresponding region of the second frame, or
(i) that the segment has motion characteristic of global or regional motion in the

30 video sequence, in which case, the video encoder is arranged such that said forming means
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decoder conprising: nmeans for receiving an indication of a coding node
assigned to a segnent of a first 10 frame of the sequence to be decoded
usi ng notion conpensated prediction with respect to a second franme of the
sequence, said codi ng node being one of a set of possible cog%t%,ﬁgges
i ncluding a skip node; and neans for formng a prediction for e segnent,
wherei n. when said skip node is indicated as the coding node assigned to
sai d sdpms predictiore farithesegmennwith résped ée theercdnd frabfe wingamgtéch t o det er mi ne
(i) wh i ' de_i.ndjcat es that, the segnent has an insignificant
| evel q}é@%rr%til o%?égér??%%(ﬁs%@&go é ?IJG%PWH%I%ans forming the prediction
for the segnent by copying directly froma correspondi ng regi on of the
second franme, or (ij) whether said skip node indicates that the segnent has
moti on 280 cKurwiineedia iermingt cmessS or regi onal motion in the video
seqyence, | ! ] f j ) the prediction for the
segﬁent by Eno‘%@@%ﬁd?go glr]ggl'ltlgndmdg(;g?(#gl[\ﬁgﬁy%q{l%{cr@e%%ect to the second frane
usi ng not i on viddoateraddr aranggdrte decidatthe/encodéd digitsl vidoolbaduepte iea @BEbn MOt i ON.
25 27. A vi dep co%jgc.co i si,rgg:, a video encoder arranged to encode a

di gi t alCPPERGiedPLecHion. i AigitabYifenscauenfscATRISAE Brumber pldamesasad di gi t al

vi deo %&&B@&nﬁ@ﬁﬁ’é;i sing a nunber of franes, said encoder conpri sing:
means for assignhing a coding node to a segnent of a first frame of the
sequence t o nigans 89 reqeevdviean ndicatjomof 4 onlicpmpdea satigadd pr eshigatenbef aditsh r espect

to S d of th 3 14.SEP 2006 sequence, wherein_ said coding node
i's Igne 0 aoéé?a&gfer%é% 5%?%"0#8‘&8%‘1%}?8 199 Fﬂlﬁg?sgﬁgﬁﬁr%%@,n Wl ESRRELRS for
f or m nge@nfrfeaicsfitbdisdg@endeleid @@ nodWBEHE bie 64 skt %i‘pd%sﬂlﬁ%dirgiﬁﬁdes
assigned tg said segnent of the first frane, indicates either (1) that
the sedidpiingaskipmqdesanghi ficant | evel of notion, in which case, the video

encoder is : i r.m r q . prediction for the
segnent by %%%%?ﬁgoﬁ{ﬁg3?@Eﬁt§§n@a&§8§%%&on i ‘F?]"Bf“ﬁ’e"‘g?%‘ﬁ 6% TAE ¥econd
frane, imdicdted Is thb e¢dingmote gsmiiied hasidroigneent ofihe diestdransd, il debodekr @Pal or

reqgi_onal [ inth
€gs° %rranrrgetd to r(‘:!leterrnltnee

(1) whether said skip mode indicates that the segment has an insignificant level
of motion, in which case said forming means forming the prediction for the segment
by copying directly from a corresponding region of the second frame, or

(ii) whether said skip mode indicates that the segment has motion

20 characteristic of global or regional motion in the video sequence, in which case said
forming means forming the prediction for the segment by motion compensated
prediction with respect to the second frame using motion information representative

of said global or regional motion.

25 27.  Avideo codec comprising:

a video encoder arranged to encode a digital video sequence using motion
compensated prediction, said digital video sequence comprising a number of frames, said
encoder comprising:

means for assigning a coding mode to a segment of a first frame of the sequence to be

30  encoded using motion compensated prediction with respect to a second frame of the
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vi deo sequence, in which case, the video encoder is arranged such that said
formng neans 10 forns a prediction for the segnent with respect to the
second frane using notion information representative of said gl obal or
regional notion; and a video decoder arranged to decode an e igital
vi deo sequence using notion conpensated prediction, said digital video
sequence conprising a nunber of frames, said decoder conprising: 15 neans
for redequaneR) vhisrdinsaid soding meke is @mfmehm@sabblmxn@@ngemmodo; a
first Jfpanme of the sequence to be decoded using notion conpensated
prediction with respect to a second frane of the sequence, said coding

node bei ng mmnmforefoﬁmhg afprqidaiindbethe eement Wkesin shidGldpdhods, dheki p node;
and neans faor faormng prediction for the segnment, wherein when said skip

node i saSSIWtﬂéi“éé?%'ﬂe’E@ff}}?eﬁféfo@rﬂ% ipdeptesgiened to said segnent of the
firgt frame,qihg tl@s“e%%%ﬁt Hel anfi'ﬁs'i H&h TeQrefj(ﬁ{n%tw N hi \é%%téﬂg'ﬁ&g' d ski p

node i ndi cat es t hat e segnent as an 1 nsi gni e ant of "ot i on,
whi ch ms@iesaiauirahgwdmuab tlmtaznd féraring ngatdferps & gicdidtion férahe tdpencaelyrent by

copyin d|re I om a correspondi.n ion qQf the second frane, or 25
(i Pgl 8?4’1183 %aé'é a%a%opafgig&sﬁl@g fﬁgtse‘ioﬁ foggn®ht has noti on

char act er i stipthef thek&Riadnt Bis Ihﬁﬁbrpaﬁlrac@gﬁsh@ﬁf 1'8b£1hﬁr%1 mORGHENES | N Whi ch

case said formng nmeans formng the pre |ct e segnent by notion
conpengideodeqysnesiie whinh case, rther‘eégemcodcr is prrarped swech thatesail foshimg nmaans on

2008 S0 RERERT R M Rl wiF kot B bionh S BnelBO8HE maci um havi ng

a Soft\Mﬁ)ﬁnat&mp’eplfé@éﬂtalﬁefoﬁ&alﬂrgﬁﬁ)ﬁm&g@ﬁalfrﬂdsndmhﬂld)n conpensat ed prediction
for use in engodipng of a dl%lta| vi deo seguence said digital video

sequence corpft %)i‘k’ﬁ r girapgsd to degadg ea sncasigtl digiiabyiderl sesumneiusinggnaiosr ogr am
code f %Bmﬁéﬁéagz@'p?&h& Ogdlﬁlﬁlr%‘aﬁﬁ%lé@seﬂuéﬁg%ﬂlng g% E\lmr {oif %S ggldt he

sequence e “encoded usi I'on ‘conpens fon Wth respect to
a secondcddennrempfisinie sequence, sai d codi ng rmde bei ng one of a set of

PoS5I0L S olan RIes e UG 2, okl B e, MhELELT S3L g, e vher
segnentfifsofaie $dd8mRitd bE 8doab@uShg RfotiBR thMPenshidd Pridtdtion asifh rebReriond
second frame of the sequence, said coding mode being one of a set of possible coding modes
includihg a skip mode; and
means for forming a prediction for the segment, wherein when said skip mode is
20  indicated as the coding mode assigned to said segment of the first frame, the decoder is
arranged to determine
(i) whether said skip mode indicates that the segment has an insignificant Ievel
of motion, in which case said forming means forming the prediction for the segment
by copying directly from a corresponding region of the second frame, or
25 (ii) whether said skip mode indicates that the segment has motion
characteristic of global or regional motion in the video sequence, in which case said
- forming means forming the prediction for the segment by motion compensated
prediction with respect to the second frame using motion information representative

of said global or regional motion,
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10 a prediction for the segnent by copying directly froma correspondi ng
region of the second franme, or (ii) that the segnent has a notion
characteristic of global or regional notion in the video sequence, in
which case, fornming a prediction for the segment by notion g¢pg@espat ed
prediction with respect to the second franme using notion information 15
representative of said global or regional notion. 29. The software
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program code for receiving an indication of a coding node assigned to a
segment of a fi fBtthdtthesegotent hps apdopigifiean davebleftinoisom i which eases fmméns at ed
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29.  The software application product of claim 28, wherein said software application further
comprises:
program code for performing an analysis of motion in a region of the first frame

20  surrounding ihe segment to be encoded in order to determine a characteristic of the motion in
said region and if it is determined that the motion in said region of the first frame surrounding
the segment to be encoded has an insignificant level, the skip mode is assigned as the coding
mode of the segment and motion information indicative of zero motion is associated with the
segment.

25
30. A software application product comprising a storage medium having a software
application for program code for motion compensated prediction for use in decoding of an
encoded digital video sequence, said digital video sequence comprising a number of frames,
said method comprising the steps of:

30 program code for receiving an indication of a coding mode assigned to a segment of a

first frame of the sequence decoded using motion compensated prediction with respect to a
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10 prediction for the segment is perfornmed with respect to the second frame
using notion information representative of said global or regional notion.
31. The software application product of claim 30, wherein said software
application further conprises: 15 program code for exan ni ngy ¢g¥r906

previ ously decoded region of the first frame surrounding salid segnent to
be decoded in order to identify at |east one of the follow ng types of

mot i on:SeeddiTaarfdhesaduece. srid Fehingimedn heing onerbmsey of pssible coding r?odeison |
havi ng : [ Latjon, wherein if said at |east one type of notion is
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gl obal or, r%%iongl nDtio? in the video sequence. 46
assigned 1o said segment of the first frame,
5 (1) whether said skip mode indicates that the segment has an insignificant level
of motion, in which case, motion compensated prediction for the segment is performed
by copying directly from a corresponding region of the second frame, or
(i) whether said skip mode indicates that the segment has motion characteristic
of global or regional motion in the video sequence, in which case motion compensated

10 prediction for the segment is performed with respect to the second frame using motion

information representative of said global or regional motion.

31.  The software application product of claim 30, wherein said software application further
comprises:
15 program code for examining the previously decoded region of the first frame
surrounding said segment to be decoded in order to identify at least one of the following types
* of motion: continuous motion, motion having a common velocity, and motion having a certain
deviation, wherein if said at least one type of motion is identified in said surrounding region, it
is determined that the skip mode indicates that the segment to be decoded has motion

20 characteristic of global or regional motion in the video sequence.
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