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Each frame of an uncompressed digital video sequence comprises an array of image
pixels. For example, in a commonly used digital video format, known as the Quarter
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,
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
more sensitive to intensity variations than it is to color variations and YUV color models

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

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 communications link, the available bandwidth can be as low as 20kbits/s. This means
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
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t echni que, known as . .
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
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
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
predicted from previously coded blocks within the same frame. This technique, known as



3 WD 03/079681 PCT/1B03/00944 944-1-105-1 | NTRA-prediction, has the effect
of further reducing the anmount of data required to represent an

| NTRA- coowo oBozgsel General | y, video codi ng systens not onlPgTrBeBA®e44t he
spatial redundancy within individual frames of a video sequence, but also
make use of a techni que known as "notion- conpensated prediction”, to
reduce H#d-1®nboral redundancy in the sequence. Using notion- conpensated
prediction, the inmage content of some (often many) frames in a digital

vi deo INERUepediction, s ¢lth effeetlvf furthen wdecing thepmeount pedatd regiisd foyepresent
sequence,_ known as "reference" frames. Prediction of inmage content is
achi evé‘HIHngAr'& %e notion of objects or regions of an image between
a frame to ke e0d6d,iGEOBRIIRS sRBMARA chiaelitic@hefifial fedimlaapy wdthitg " noti on
vectors”. In genefal, the refeerence frane(s) may precede the franme to be
coded dndividayl fraxhdsaf a tidgaseghencei kit else sepkerse of Atechpiquplneygsas ‘grotion-

| NTRA- codi ng, tipon.cqnpensat redi;ct i . r i ypically
per f or rﬁQHlpﬁ’g%‘ SRt cgﬁt}%gﬁﬂrgﬁ%ﬁ?ﬁg%}g% F%ﬁée%u%g?l%& l@itﬂeoag%%ﬁgg%gg \%QF%E are
conpr esafhehkitddCrBAEHGH) 1eOimRE Sahtest oRoMEi(léromary)drmessan aldigitat efdeor ed to

as | NTER-Coded or P-frames. Mtion-conpensated predictjon alqnhe rargly
pr ovi desquenseisf'pradigied’\irgmm ons semoegntherdrames iBihoteanenee; Fgyd BSoRtEcor  a

vi deo franme and. t.-her it 1s: typi Q A aLVA scal |l ed
oredi dr: BfisHBRof e ek YRR A oY PR SRR e AR R o
error fgragembgibaweat s fiufe to de tédidoanplbaiedpan the defordecfrome®) vsingf t he

I NTER-coded franme and the image content o)f t he %iea{}re to l%e coddea. Mor e
speci f i 'gagitiop veetRes" phiegsnetal dhe ’@ﬁr%‘i‘cefq:aé‘?ﬁgs dBHpPTeele e frarag 19 Rarodelohr esent
the di fé%élﬁ)@gﬁf PRI AE S UeBs tgldenXélAbﬁﬁ thdoadsO8f Nﬁ@-éo@ir&%rﬁ)ﬂgﬁ@oﬁgglsated

correspo reconstruct pt xel values forned on t i a

e basis
pr edi ctppediviorsofanvidéo friame fis pealin perfiersted omacrotdosisbyromardbjockt he predi ction
error frame has characteristics f‘llﬁﬂl lar to a (gti.ll i ecoangnﬁg][e(ack- based
transf or m cJUPRES ehbhVISEO Sertenervish arechoP RGP TR MOHeT SBRPF R Pedundancy
and hengeqitHs: ardPenhIPlefdRPio(8 UNPER-@del bf Pfrdn@fUMoten compeagdent it. In
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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.

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 employs a
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
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
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the video source to input 101 is received and processed macroblock by macroblock,
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preferably 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 current macroblock of the frame being coded is so
dissimilar from the pixel values in the reference frame used in its prediction that excessive
prediction error information is produced, in which case the current macroblock is coded in
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 be provided
in INTRA-coded format.

The occurrence of condition 1) is detected by monitoring the output of the combiner
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
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produci n a 2-dinensional array of DCT coefficients for each block. DCT

t r ansf oforrtitei ment frime ko hoancodedUdER Ansoded foymat; thas se-initialising tharcedagf or each
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115. from input line 118. The video signal input is received macroblock by macroblock from input

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



The array of quantized DCT coefficients for each block is then passed from
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is zero. In this way, the operation 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
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
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



format. Operation of the encoder 100 in INTER-coding node wll now be
described. In |INTER- coding node, the control manager 160 operates switch
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fromquantizer 106 to video nulti qu ex coder 170, as i
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
coefficients derived from each prediction error block are passed to quantizer 106 where they
are quantized using a quantization parameter QP, in a 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 controlled by the control manager 160 via
control line 115.

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 multiplex 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-
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



indicated by line 125 in Figure 1. As in | NTRA-codi ng node, the video
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t o t hat94dest@i-bed above in connection with | NTRA-codi ng node. Video

mul tiplex 8 WD 03/079681 PCT/1B03/00944 944-1-105-1 coder 170 al so

recei vasdaplitamisovectioes mofiar vaxtaranfofmesar (desutibed in the f6lbdwing) frigin theiam not i on
field coding, block 140 via line 126 and control .information fr ont r ol
managerfielggoding &Oélﬁtlﬁ@ﬁV Imsdes ap éoﬂtﬁ‘%li%ﬁ’r‘??ér&?rbﬁomﬁf’ﬂ f‘lbargeléﬂ@' font r ol

i nf or ”%'tt%ﬁ¥ andbs R ABtidn SEAGH ifRinhtion hiEamuel itaadioh ¥ Sordf0sim@e bpn, 135

conprising the entropy coded notion vector, prediction error and control
i nf or nesiieam. of Théedgjueagt izforndON, t3%Edmpiivng thereappry eatted meptidnevepioadi ct i on

error inf&xr mat i on a]%lar eaclh bl ock of the macrobl ock are al so passed from
quant | ZBPAISHER E1E°T ARG SPREOIIRIATAUMY 108, Here they are inverse quantized

and the resuffd (?ﬂnﬁ&éaqhgT%eiﬁ&i@tﬁ@pﬁa@ﬂﬁigzmp@&a&is@ eifrbil iaF@AaBoR et cadtppl i ed
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processe rane store 120 contains a conpletely decoded frane,
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not i on- ﬁ??%?%%a%?%tﬂfecﬁ%on performed by video encoder 100 will now be
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frame f f:l)l’[d 1?r}21telrg%rlcile 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
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 performed by video encoder 100
will now be considered.

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

frame, formed by locally decoding a previously encoded frame, is already available in the
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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 regions 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 value is selected as the best-matching region. The
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).

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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reference franme defines a "notion vector"” for the macrobl ock in question.
The notion vector typically conprises a pair of nunbers, one describing
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| NTRA- or an | NTER-cqded frame is bei decoded. An INTRA / INTER tri gger
peraltzlon O?Ci‘le video decoder 200, srilown in Figure 2 will now be described. The 99

decoder 200 comprises a video multiplex decoder 270, which receives an encoded video bit-
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 240,
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
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 signal 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.

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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exanpl efrandieynes 2R0be provi ded to a display device (not shown). The
Inverse DCT transformer 220 performs an inverse DCT transform on the inverse

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 where, 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-
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

prediction in connection with the decoding of subsequently received INTER-coded frames.
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reconstructed pixel values for each block are also stored in frane store
250. Because notion- conpensated prediction is not used in the

encodi ng/weasd7esgl of | NTRA coded macrobl ocks control man&genBes®siont r ol s
conbi ner 230 to pass each bl ock of pixel values as such to the video

out put é%g aﬂﬂ%grane store 250. As subsequent nmacrobl ocks of the

| NTRA- ¢ d-1%Lme are decoded and stored, a decoded franme is progressively
assenbled in the frane store 250 and thus beconmes available for use as a

ref erence frdheERoeodedtiiagies @mi%é@pé@ﬂ mpﬁr@hloﬁk by maceotdenka eechi B ER-t h t he

decodi n ly recei d 79

por/ 1 BoSPBSLREOGHE Beipk deESRl T of REns RRIRS ind PRl PAR0T Bt o
by nacr abteoeiked Bathb bitNikhn 166d€k: ﬁiﬁé:cli mlalmdsc Ootigr 270Gepttes tHeshasiadal | y as
soon as encoded infornation relati toit is received in the bit-stream

135. Therediction exorinfgrraationdenersh of e dNIEEscqded neasedideck frompeasaderdon
error | '?ﬁd%fo'i‘i%h ?deﬁ?ﬁﬁﬁ%ﬁgﬁgﬁb@ 1?@01 lll}fgg'ﬁat? flm (§ﬁ¥é'18£c'§ Jibqi,encoded
noti on vector ormati on an pOSSI e con OI’ 1 ON realng to the
macr obl @aokstion. Aq erplhined in the ferepbiaphd encodet pre‘dmtmg@nﬂg infoineatien dodeadh

prediction error inf tion for each. bl ock of e macr.obl ock conpri ses
Vari abl P9t %@@%nﬁgom%ﬁ’eég@ﬁﬁ If lugﬂﬂec%iﬁmffcﬁyekrs&@&ng s RatroRy godadn
val ues 81 A AORAIAS 6 HER &8 uaﬁt%aft% ﬁﬁg%@f ie‘a&t&ftﬂé %Ifeb@u&& betion
error block 1 n question. e video multiple eco 270 d es the

vari abl élddsngghestiod ey ddeo ositipexadecadér0alebadeg tiie 'dmabth legpthreodercbrds

correspondi ng t.o, t n i,n hod used h nc der %ﬂd er eby
Fecover 4o 8 el ohelh Aol HEbo? fortShandifile e eftuie Tshaf i hiprhe

quant i zgdcddennod Qﬁdnh@fe%fyfrewv%tthé@w%dmﬁ vEIa6d Iﬂqh@dfe%mﬁc@rah%ap lbgck and
passes themto inverse quantizer 210. Control information relating to the

| NTER- cd@@@tlmdémmﬁom kogificigntvaluesdonerst predietinm ariay dlockand ippssexthgectoder 270

ot or Pk BRa A ¢1PC ST ROERAER ek Po PR R AR A AR T o

coef fi cidecdded ¢ tHeh&dew ®ditipldxQizceddr 270 lalsmg ks apﬁropﬁﬁte@@&&ﬂng fnefhoti Afd @ncoded
bit-stream and provided to control, manager 260 via control |ine 217. The

control pﬁrﬁﬂﬁé&éﬁontmla njagager 260 grfayation rf'datmgter%lew@lrpftqyamm% apniiedrie theer
210 via

ot SR ol n e B od BUESE QAR EMdaMGR 6, SNBRLBPRILAY,
for eachndbaskdedftotchatrotanaraba2b0 vis contebl ﬂnge 12@7 e catrbl mhndgef, o tRh,i on and

provi des the naw. i nverse quantized DCT _coefficients to |nverse DCT
t r ansf ol°BYCYS 84S qufnﬂlénatmwg iversq RARtZee 41 e coplek ling Hd Lnvessauauier A t he

predi ct ;R &f u‘altliégftﬁé ﬂ@aameéu HerT eefftiedd gifeséﬁtﬁl ttﬂ@ﬂrepimsﬁ%ﬁof ransformed

in the invers former 220 to yie an a
1nformat1on 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.

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
100. 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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reconstructed prediction error values for each bl ock of the macrobl ock. The
encoded notion vector information associated with the macrobl ock is

ext ract edwofmsome8he encoded vi deo bit-stream 135 by vi deo PemiiBo3soext decoder
270 and is decoded. The decoded notion vector information thus obtained is
passed via control line 225 to notion conpensated prediction block 240,

whi ch r¥dent@¥-lcts a notion vector for the macroblock using the sane
notion nodel as that used to encode the | NTER-coded macrobl ock i n encoder
100. Thxeiorecanddcodatigds tiptrécnstatédmotmpyestdnta idemtifhthefodation of @ cdgion of

originally determned b tion_estination block 130 of encoder. The
not igo n fé@f%/?ﬁgﬂ%tﬁ‘g Eﬂiebrlééil%? 1fpnEfERuce s S@@Fé} ‘i‘@%%@e gy ?%g%/h@ E)%%Ence
944- 1- 10aadua§ 8o for ERndlEAGIRYIHAT el dUed TRIRASE SR RENITBE b BiRviRshor O

e a region” of

identify t ocati on reconstructed pixels' in a prediction
r ef er endzeodada BR-oodl framé. Tarihetcases tiR50gioM o€ pixelsandinated by theme may be, for

exanple, a previously decoded -coded fr or_a previ ousl .y decoded
NTER cheaREaoteh verior e e Beionp e rh o op egadr 8ot i e oyt he
r econstyied &dcifRhR he/BHHON coriipdhSadd bdi@ioRbodR2adifsinhDéh 4rfdy dfipexdracr obl ock
in question. Mre€ specifically, the notion conpensated prediction block

240 f orvaueadoagachplask ofithesinacroblogle by tepyieaedrasperdingpixehalvgsdiagnihsck by

copyi ng_correspondi.ng. pixel . val ues fr.o h - egi 0 i ' ified by
e B AR rar: oLt St FrogRE B e Brodicins Botls ol $BUS 1901 o

der i vedydlimetivgl frefnahe Rderchécifme, i €posbRomimtiondiipensaaijredistised
prediction block 240 to conbiner 230 where they are conbined with the

decodedblpele2iol combanard0 Wherathas eresmbinedgy il Hiedeooded @ efigan 8 ues of
cach PRy thBfRE Sne gael A0SR aARIAU Al oRORNAIE baleBERIRE | O

error values out transtornmer 22 nthis way an array
of recorsédsuatied ppidi@lon\eaton eslutosutpaidly inkeskDOIT ttdnsfommer 2M). dicthis wapb ai ned.

Th t ted pixel | to th id t 280 of th
decoder SEPIF@RRIRGed Bisel GHbaerior Pk Sk o OB oNEC RbEBh Thfmer obl ocks
of the Jewrlf:sﬁ:ugﬁg?gx%f/glggsl %E?ﬁsésgg LA iR buduRn86l of cdBEARE Ind s8B! S

progressively as rame store 250 and thus becones avail abl e
f or usestaedan fraferstore 850.rAnmbiauentonawoblodisdibaNERcedédframaast ot her

| NTER- cod . As | al.ned, ab N t ypi | Vi di t
ot on AR BareRr bURERFORATE & HOPes YRy St e A 5Es SBEA Acn
that a FRehaRNRS vhiTHIO B $8Rhd £RferBhRTBiMe R nidtiohARthpehideEprtdidfioten be

associated wth notion information. However, the video coding
r econmeottiet INGER-@odahfrimesoei ng devel oped by the Joint Video Team (JVT) of

| SOTIEC As explained above, in a typical video coding system, motion compensated prediction

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
following description, and throughout the remainder of the text, reference will 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/TEC 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 "IM1 of the JVT codec".

According to M1 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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MPEG (Motion Pictures Expert Goup) and | TU-T VCEG (Vi deo Codi ng Experts

G oup), allows notion information to be associated with el enents snall er
than a mewoobloowkl In the follow ng description, and thr@cghsed/oovhie

remai nder of the text, reference will be nmade to the version of this video
codi ng standard described in the docunent by T. Weigland: "Joint Model
Nunber 984-1-B9T1 JVT- A003, Joint Video Team of |SQ' | EC MPEG and | TU-T VCEG
Jan. 2002, said docunent being included herein inits entirety. For

si npl i dotlyws theitasicerinciptesalescribed abexcomvenuztion withi the gensricefidsorendodes as " IML
of the JVT, codec” . Accordi o JML of t.he J codec, video pictures are

G vi dodme6o0rmeF BISGERAnste, Hogsereh aropstiSE shiMhy BoRghedmisoaBt bredichin

macr obl GakrTyc QRGH HRHodRE N Serfolied Phftkr PRt oreR SromlihaMPecAB DY 9681
PCT/1B03/ 00944 944-1-105-1 fol |l ows the basic principles described above in

connectdeseribwidt Morhspegivelly,cavh déthe erasorhdocks anassigaeda seoditg mogeirdependingd 2.

However, according to . hoti.on conpensated predjctj f oded
o DS RR R oE MR SERE TR B el s

descr i heflindVab&esePEFAskl 6aldinding a@hacedblbdietorRANIIHROE R ifio agmir®Redf aub” codi ng
mode" dependlqir;g on the characteristics of the nmacrobl ock and the notion in

t he vib Fldocbe rromprisiag M pixele an aupeigtindaredon idonnation voi: eichclifiey a
t | NTER int : i si
oot i 0SS S ST SR RG PRI AR Bl Sl pPUS Sy BBAIRQTRY 1 o1 1O

sub- bl ogikRlindWinabrleslockiith NxiM simblooks, pedvidel lay Vb lo€ theHahvidéo tdiecpessi bl e

schenes_for dividing a macrobl ock into NxM sub-bl ocks roovji ded JML of
t he JvTilipsted wdigere 4 of the pecqmpaRyIRg drayipgsy dscan Sﬁe@r@fg%ﬁ%ﬁﬁﬁﬁ%g

draw n - ] e i Qr i s FEAVAPKY! e:
Tox16, i SRR gRET I B 1L S B BRE P AR S (EHE SR Inle

assi gnedbsignedtouapdrticulhmmnacrabiodbisofic eksmplepthed adpiage, thhmat®bSdkasle, t he
macrobl ock i.s  divided into_two b-.bl.ocks of,.sj.ze x8 pi xel s, each .and
bot h_ subiv g eae T sp-Bnchb % HeRUReIo g h G0 PR Shr G akacs Binvideh S | on,
an ei ght i, CRRIAGBRAS onk RO¥Hi@h, RKERIOEdEIY RbASRABwn ak SKIP @i st mdde, t hi s
mode is assigned to a macroblock, this indicates that the macroblock is to
be copi Bgprévided. Ifibismeddriensdensdde e niaczohiodk, thhoindiaatss itlapt tist nagiolleslpisrigat ed

predictjon. .The degcisi.on rel.ati to.the choice.of codin . f.or a given
nacr obl %EC%OHIE‘PE%%%WV%W& COaQ?QB%?VF%B‘% PHE Iﬁ%ttl?%%ong%etnls%% %ﬁlc%%‘c ess.

More speci fi ¢ad hdbisibiiretatiticds theHoRRBQIT c88iGH nasle foh@bivih agtdbidckds iypidailgur e

1, but inplenented to allow the use of different coding nodes according to

JML of wiade asprrtoffbe motine epnitinn meedskaYPerEPpriealls hr vidse ARWEYSUFBEF on

esti Bt i on LSk, 302 1) BRAR I LREa RAGRWRS AL FaiftbithPlRinholifle
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
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

a particular 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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bl ocks and for the skip node. The notion estimation for the skip node is a
very sinple one, since no notion search is needed, but a constant zero

val ued vewDmB/0T®8Bassi gned for this node. For the rest of PChEBOINDER nodes
the notion is typically estimated by perform ng a bl ock matching operation
for each notion block inside the macrobl ock. After these operations, the
nmode t H¥4-hilBd4i zes a certain cost function is selected for the macrobl ock.
The cost function typically conbines the prediction error with nunber of
est i natdsdods teseinebdadniation oelatingie thermarwbloskin gnestivhuEBhanefasy, pe mdidation

relative. effigciency of ,each codin de.. Becauyse. g, vi deo, encoder operating
i n accdtdBneding ’Enﬁ%9 Wl%\.eglt%gacg‘\ﬁg‘%g@@‘g( lﬁ§’§?vdflﬂ§dem3hi)§$?? E’ﬁTSﬁFmBodi ng mode
to eachy RO 86K thd'Rtied SndobUER ROHA dédodbS INEERE AR the amount of
correspondi ng video decoder to be aware of that coding node in order for it

t 0 cor rdata toguitsd WindisAte TRGSLiROTO( 0 theoding medr4fon cach3nacrofeleekis indiedpd ed

informati.on relating, to.the.macr.obl ock i.n question. Therefore, .

i ndi cat¥41 VWLE’HEH%BSPQ'}B% ecogggfnglr%ér&dl?%ﬂlégﬁ c%g%g I(%)Fi%sc%e i35381%1%§\}ril ded in
t he vi dgehRivkayShi@REshdrted kbR s hE@otrBfredint 8 BamRARsdd thattih statititaly
decoder. In order to mnimse the anount of data required to indicate the

codi ng mogdikeltthocewdiMy ofthed Voeodss vpesratinglp pefci spsallet Univasal {asiahls

vari able | ength ¢odi The caode i ndi i g 8- SRAE S A €
assi gne l}gﬁlgg%e@h?mgt?ﬁe%{esgﬁteﬁg o? e@%%% e\?\gtrséi‘g]lﬁlgqﬁ(géeog%o repar@sent t he
codi ng {heort et sétDf 8B EHd Balldoyusedsteptestrt lilye ¢limrmude infdfinatibn fdre JVT
codec uses a single set of so-called "Universal Variahle .Leertr;i%ttﬂ%COdes"

i th

(UVLC) DNTBR pededanacrablpcksy fhe U Vidasedewordsisad & M1 oy R Wl tream and
th f all . h g
ere O{o?lg%n 4%$O%ETR#E%?&HFCO de@%dv@r? inl fab‘tﬁé $ BeldSL bR the gﬁeﬁ%@%a% Qﬁh&qgé Vﬂu% e

i nform macr obl ocks. The UVLCRcodemor s used in

may be Owiiten in the follow ng conpressed form shown in Table 1 bel ow,

where the x" ternms take either the value O or 1: 1 0x010x10x010
X2 0 X1 0x010X30X20X1L0X01

..... Table 1. Schene for Generation of UVLC Codewords According to JML of
the JVT codec 0 Xo 1

0 X1 0 X0 1
0 X2 0 X1 0 Xo 1

0 X3 0 X2 0 X1 0 Xo 1

Table 1:

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
presented in Table 1.

Codeword Index | UVLC Codeword
0 1

1 001

2 011

3 00001
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Tabl e 2 presents the first 16 UVLC codewords,

generated according to the

schene presented in Table 1. Codeword |Index ULC Codeword 0 1 1 001 2
011 3 00WODL3a®6¥D 03/ 079681 PCT/1B03/00944 944-1-105-1 2C008d310096+ 01001
6 01011 7 0000001 8 0000011 9 0001001 10 0001011 11 0100001 12

0100011 13 0101001 14 0101011 15 000000001 Table 2: The First 16 UVLC

Codewor 2¥4-bf103 N1
JML of the JVT codec asstL
i kely coding node for 4
before the next rmacrobl ¢
WLC codeword using Tabl 4
represented by UVLC codeV
Mode UWWLC Ccodeword - Sh

ines that the skip node is

Cenerated According to the Schene Presented in Table 1

atistically the nost
5ki p nmode nacr obl ocks

di cated by a single
li ng nodes are

5| ow. Codeword | ndex
16 1

 dmacr obl ock. TheOliumber of ¢
ek—w-t-h—ren—SKI-P—ede—s—n
p 52 ) above: Th 3_0} ining co
AR
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 JM1

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

3 below:
Codeword Index | Mode | UVLC Ccodeword
- SKTP Run-Length Coded
0 16x16 |1
1 16x8 | 001
2 8x16 | 011
3 8x 8 00001
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116 x 8 001 2 8 x 16 Gl 3 8 x 8 00001 17 WD 03/079681 PCT/ | B03/ 00944
944-1-105-1 4 8 x 4 00011 5 4 x 8 01001 6 4x4 01011 Table 3: Macrobl ock
Codi ng Moae3m0f96dML As previ ously described, the NxM node®CrnBod@otdabl e
above indicate the size of the notion blocks. A problemw th the approach
adopted in JML of the JVT codec is that the assunption that skip node is
al ways P#elni®stl probable is not valid. |f the video sequence contains

gl obal notion (panning, zoomng, etc.), skip node is actually never used.
In these cases conpreédsion efficiep8x 4 s seddldusly degraded, especially at
| ower bit-rates, sincethe codecis5 forced to use-high-gverhead

Mracr obl ock codi ng mpdes. Two pri or4§r8t sopmqlons for |rrprovi ng the coding
ef ficiency of notion[gonmpensated SO CtTHIpm e presgnce of gl obal
notion are known. The¢ first of theke’is knovvn as "gl obal | npotion
conpensation” and is used, for exanple, in the SO MPEG 4 and I TU- T H 263+
vi deo codlng standards. The second nethod i s described in the docunent
entitled " G obal NotTade Yect orMesablagk UogingtlYlpdas o§Mbnd Shawni n Lei ,

Doc. VCEG 020, ITU- T Video Coding Experts Goup (VCEG Meeting, Pattaya,
Thailand 4 - 7 Decenber 2001, included herein by reference. The basic
concepts of Asesevidwdy desclibels tha NkMnawddaen kirel tehle wbaesiadichtedhe Aze dther i bed
in Annex P "Reference Picture Resanpling"” of International

Tel econffirs ‘?cﬁﬁs Uni on | TU-T Recommendation H. 263 "Video Coding for Low
Bit-Rate Conmighiedt whR the {p%?&a‘éﬁ%&oﬁt@@ﬁr YAl sfth@qmb&hwg {81 ARRhssHRp G
conpensation I's to generat a reference frane for notion conpensation that
cancel stlhahekipiwietis alofayg ihetadst potbiable. is hot vatidelf the ‘oddDSthheme contiapisegiobal
operati ons. are needed in t oder. i

f
D & Ao Gt go her B SKERs RIS b B AR v e cont ta t he

decoder cb@padéiseeffichich il dedioldy @Egﬂﬁ@éf&l egfeefaﬁygeloweaﬁﬂ&aﬁe@ Isirk @adode®is on
conpensation. Mre specifically, obal notion conpensation schene

enpl oyedoreef toHise Mmm%ém@@p%cb@q%@&m deses a resanpling process to
generate a VWGGRS pq‘lor% SE!ORRIO%L forl’fl%pgo%flfg £ %gdlké %ﬁ?c:lén%gl olfﬁ?otloﬂ c%b&?sgted

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 " Global
Motion Vector Coding" by Shijun Sun and Shawmin Lei, Doc. VCEG-020, ITU-T Video
Coding 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 Annex P "Reference Picture Resampling” of International
Telecommunications Union ITU-T Recommendation H.263 "Video Coding for Low Bit-Rate
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
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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conpensated prediction of the current picture. This warped version of the
reference frame may include alterations in the shape, size, and | ocation
Wi th resp&otosbbmweshe current picture. The 18 WO 03/ 079681 PCT/IB&O®SH0944
944-1-105-1 resanpling process is defined in terns of a mappi ng between the
four corners of the current picture and the correspondi ng four corners of
the ref®4ehdB5lrane. Assuming that the |uninance conponent of the current
pi cture has a horizontal size H and vertical size V, the nmapping is

per f or neecarhplirgefrocdss § defined ooteaepdfiamapmhg botween tlor Huwcorusrs of {HMurrantd  vHV

, each conce tugl nmot i on .ve?t or descir)féﬁi nc}; how {0 nove one tgf ghe f our

cor ner sPigfurg g the gerrespending foHr copqersefdhe atpey ASSPINS BaktBe ¢ he

corr esppAdh Qe e&hg&ien%f thRQufr8h8)i& 0 has b HRRBontdlVise FREA bhiRA disk 7 ltheist rat ed
in Figure 5. Mdtion conpensated prediction for a nmacroblock of t'he current

pi Ct ur embpihd &pepRihod bpdefisihs Golklcondeptml aldtiog vattbl yEBspé@l 6, bhe war ped
reference frame. This conplicates the bl ock nmatching process, as the value
of eachy#pPi %gdh @hcdpi®al WStRAERE BERABRHoAM® MR ebitnefoal eskerRE ety Ng
process nust be generated by rmapping pixel values in the original

( non- wagpesh) picaireirediek afwans to ndap it tigto tloe @rcspatdasy afmertdf charafegpader ef er ence
frame. This is done, usij n]gu bi linear interpolation, which is. a

conput aﬁ%ﬁ-ﬁh@@%@%‘?@ sYplerdr figre °?%‘%16‘§PP‘?D_§atF%PE¢tdF9§’6’ntfﬁr Annex P of
the H 26340 of §R%LAGN &@tﬂfieaig thenYerforthbd'68in g loBk n$at@ing HiihRédpbiq8ihe

i nterpolation process us to generate the pixel values of the warped

r ef er enwerped aeferencd Tiak. This camplatdsche blodk mgichirg whesess,i dsdite Valudoaanknt

VCEG 020, referred to .above, is a Si i fied version of bal tj.on
conpensBF haaredFerERcs thnaedt B btk S oS il Brnsfid &

i nf or MafyhPRink ixlel Pd18EH ihitRork @nAl]AGH-Waeh N fleARAIrari®nt® theadtbramdict benal
macr obl ock nbdes are used to indicate when gl obal notion vectors are used.
Thi s apipeoeped tefer¢nss rapemphisis dereusingbiljness anterpotation. wbishénkat i on

techni que just described, but. e i . it lexity
associ a‘f"éﬂf’ #ftf%aﬁY }nt?\ﬁ%el' %P,erattﬁ%hg#‘\%%eaé?r 1%%%&%&;@%1}11 %Q gﬁ%ﬁge ot ivg(#o

esti mat iqiinPagidtd rFuttiteridefads bhthedipiral int@bolationproaaBtugsdtoagtterate tAk SO
needs to evaluate nore macrobl ock nodes to find the optimal one. Moreover,
t he anopixel wluesef the wypebeaferspts BH1e-nf or mati on that needs to be transnmitted
becones |l arg | k1f ] i i t ing

di scussi on, i@%cfb%[}rgéﬂ%ﬁ E)’ee&glz%rd gﬁg’ g?%%fwflﬁﬁﬁnt oglru)éélgt\ygts(s} (gfogléigﬁlg H;'ant

unr esol sedef ©alithglafiedvepdibeof glebaltrhotiprt @nipeasatiodi Tl wferanddi fepnteails ueédiaso

equence.in th resence of .gl obal tion, . h transl atjon,. i
;Oglrjn- ngit(;_i,slf, bph@idgt&}e@} igl_formfxtion isg transmitte ’coI descnbsegcﬁe gl%%al motlosn andI adgltlogglnm ng or

macroblock modes are used to indicate when global motion vectors are used. This approach
is 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
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 6f the camera. In
particular, each of the three previously described prior art video coding solutions has some
form of technical shortcoming. JM1 of the JVT codec, for example, has no special provision

for taking account of global motion in video sequences. Therefore, when such motion is
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particul ar, each of the three previously described prior art video coding
solutions has sone formof technical shortcomng. JML of the JVT codec,
for exanpWwe,o3lz®sno special provision for taking account Pefi/Igé3nivads noti on
in video sequences. Therefore, when such notion is 19 WD 03/079681
PCT/ 1 B03/ 00944 944-1-105-1 present it causes the video encoder to sel ect
macr obl9%46#-E¥di ng nodes that explicitly model the notion. This leads to a
significant degradation in coding efficiency, as the gl obal notion
conpongn¢sentsit emsedhd videoenevder td\Feldet trradmdblm:kccnodinlgoncbde(s ¢hrat sxiffididlyomlolel The

t echni ue of. ob notion.co nsa ded b P of the
263 Jhagtion i et B L EE BB AR CHURE SIS RBOARPAROURH i ng
ref er engRbhaESerds 8l fnrbveg INIEIE Q6RANE AL S5 oclfor SitsbiorR). amd 1dchsigab are

provi des | nproved codi ng efficiency conpared with a systemin vc\lin

speci alglebebmotien campensak@n(as @rmd@ Tyt Sivadx Prof ih@rH Z%V\lde@ podmgnsan@rqb] ng

process i s 0 ﬁ nal I | ex ang addrﬂt_ n ortmatl on

P ane it gA PRESRIED At AR Bine e i i aneb RS S B el g of
the vi deqli&RAUSAGRerefd ?Iwgias hhgrorvsd a8 dEfls efifRENBY abBpaktd glidhalystemt inon vect or
codi ng i s conputational | ess demandi ng than g obaF noti on conpensation,
it doesvhighme smecaﬂ wwaf:mara takien 4e eoderglelpd sapdioncHapyresti thy wamping geicessdfal
|nfornat|on be stll nabl e
corr ect°°81é’8 gg %%Hyo !m& %fdnt%@az }n%lﬂaﬁo}l rI]I%ﬁie/ir)éej %%%{%?éfn tﬁ?@%cg gegf t he

pr esentviddowaitieam ﬁocen@mehbﬁecttdeeocﬁngmf the rvicyeo@éqde@ealAlthmgh die relapgdensat i on
with the coding efficiency of global notion conpensation to yield a video

codi ng tegpsigmonstabakmgtien V%Cé?ftqoglqgrfﬁ FWE‘&F%WE@%%&SWE‘B@P‘S Sl and a
negligiplig, doﬂ&feﬁ?zﬁﬁn 1 AGQTRLEXL b ¥ertat TREMe eﬁo@&gﬂ d&\ﬂfﬂ’]‘%}{ %%h@d@fh@ﬁﬁl to

overcone, or at least'  mtigate to a large extent t associ at ed
wi t h t hiefoeatiorgmost b@lsﬂﬂatanmittednn the \pdeaimt-anrdzanvtodmabkecmdrmq d&yadingsf thehe

present . nv ntion is based on a redefinition of the skip nbde concept used

in JML Vete "JVT codec. The nmethod according to the invention not only
provi des an It RRAQYRIED e ﬂ)d}pG&CHf@Ee ﬁxfeﬁén‘i? iRR&Nor croﬂft)m@ﬂh@%ﬁﬁiﬁﬁug)fof Wcapal
notion (i.e. notion affecting the entire area of video frane), "but also

enabl esmcutam wnglensadionoritht e beding pffesay od glababmotér capmsatimrtngicld Ac cor di ng
to the invention, the de.conce is redefined in such a .. § hat
rmer ob " Qorege T Ep R0 PETE i P ST AR g b eld

(non- aghér¥k iMBémpRxMector, in which case it is treated in the same way as
a conventional skip nobde nacrobl ock and

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 JM1 of the JVT codec. The method
according to the invention not only provides an improvement in coding efficiency in the
presence of global motion (i.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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copied directly fromthe reference franme, or it is associated wwth a
non-zero (active) notion vector. The decision as to whether a nmacrobl ock
shoul d bewessworicat ed with a zero or non-zero notion vect @CTIIBOmdel by

anal ysing the notion of other macrobl ocks or sub-blocks in a 20 WO

03/ 079681 PCT/1B03/00944 944-1-105-1 region surrounding the macroblock to
be code®#4-1110ptl i s found that the surrounding region exhibits a certain
type of notion, a non-zero notion vector representative of that notion is
gener at ediatressdiag teadacmbblock tvebecaoded Af itnmfuab et khe duropading eegiar , t he
continuity,. velocit or. deviation of nmotion in the surro i.ng macr obl ocks
o " sub. RS (s ARTFSR & TS Zor FRGP Gectpf repHSCRERTecH 1 pion 1

sur r oungi gyt EHORSAREP WD tRe GBI BYRk. R pS i e ntifhityC SEb@LD
common Vel ocity, or a particular formof divergence, a notion vector

r epr eseott daviation ofindtioatin thet suoeunding becrbiicys edsitbeblptis @ubeantlynak Fobl ock to

be coded. t. ot her .hand, if .the regi surroundj ng the current

nacr obl Wﬁﬁégﬁjﬁ&&%}@ﬁ sughoupdipg ﬁ?g_lﬂg?)a?n?l§sc% iev% FEPRRPEY- i ve rgence
and hascahid fsh@bh ey, dravtticiar T8 fdivédendBas ko &4ctbPrdproscmaieet i S
assigned a zero notion Vector, causing it to be copied directly fromthe

r ef er enefthhrmaation ¢amhe assigned toj the grsrent masrablaskttp da&pd@KOr the aderiaandols] ock.

In this,way.. accordi.n 0 the.invention P .0Ccks adapt
to the TERYaiaR SRR shitdy PO oen B SR Sh GRS i8R g o
ot i on {éotiBkendingsendetandthas i iigafffdani 1edl ofMaiviieh, the Maarfobistkas bagedsdsis
enbodi nent of the i1 nvention, the surroundj n%&macrobl ocks or sub-bl ocks
whose ne¥igAd pgerTaPYALECHTecqsBEIbiaderopitd dieetltiemdBe BdREnRgRBIrTing t he
macr obl Qscilfitt\QGIQ% SRS on NSRS ﬁ%ﬁfbﬂ&&k.rﬂﬁlﬁigﬂ/a n{c@Bfﬁ?ﬁ% tﬁr{hé o d19 to
the region the surrounalng a macroblock 1's avail able in e encoder

( decodefgKImheide mactubi@it camadapbtootihk niction e thegeginn sdechrdierthdmdgnabiidg can be
used di reEtIy tQ lgagterm' ne the notion vecteg‘;;H .to be assigned to the current

macr obl 8R4 SFAPEOL presiEHo daken jaecouphef s, OHCIGHANSEFS of the surrounding
regi on per f of B0, d\AnfaBEn REHIRIMIR 0P thcIbRibA 1BE s@¥@fiding hierbhiBcidesoder .

This, in turn, neans that according to the invention, no additional
i nf.or masuteblopkswhdre msaivn is endliked atepwdopsly enerddd macoohiodks neighborag e

regi onal notion. i 1| . becone apparent from t.he detail descrjption of
e P nvBrERblrcE e b8 Rt TREROwres BRGRP I iRTsOR FESR e e EahEept s
pr oposeghrRymiii PAh8&ehlock VAN RS en&dddP (debs@R} whaeh et nadMdMRAES
conpared with the previously described prior art video coding nethods. In

par t i cubeing endrsledrédacodechend can brjused diteetly indetaringee tha atities vgrlebl beand

;? ]9 : 8:1 2%%5%%% gogpl\gic%prieﬂt n%ac%io %c .ﬁ%gsuzﬁ)%?oeach %nell)belest t%lé %‘otl%ﬁ%ggl%is 8% thien an
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
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
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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wi t hout the need for conplex warping of the reference frane or any ot her
conputationally demanding operations. Furthernore, in contrast to both the
gl obal nowoma/ocwapensati on and gl obal notion vector codi RETABOXWAS

previ ously described, no additional information nust be transmtted in the
video bit-streamto enable correct decoding of the video data.

Addi t i oPéd-1510591 WD 03/ 079681 PCT/ | B0O3/ 00944 944-1-105-1 a mini mal anount
of nodification is required to incorporate the nethod according to the

i nvent i @mihimiab amwiustt ofimgodifice@ndochiqued sosinesrpotateathe emiaalyactbidinpandlept  of
ski p node nmacrobl gcks. .These, and ot her features, aspects, ang advant ages
of enbotiVRRHRTSINEY extlﬂélgp‘flg%oe‘iﬂdmg S 7 SUAPLY @E&B‘FF@BE%%%%WPQW o
referenﬁﬁcﬁoglogﬁg foll owi ng detail ed description in conjunction with the
acconpanying drawings. It is to be understood, however, that the draw ngs
are desi gnedThedeehy ofter fedteren uspotse sndddviahfagss ofanibpdimends abihe psesent
definition of t limts of the inventiaon. Brief scri ption. of. the

Dr awi ng?@?@‘iﬂ@ﬁﬁbq@m& ARHEHY IR PSR taﬁl?;\egfo Voite ‘g’%ﬂgﬁ%ﬁf@mﬁ%é}& encoder
accor di BehituetidhivAth thdabeconfP@AYG dawmgd IBRIE BBUhErRbOE hoticaar, iRt Bk a generic
vi deo decoder according to prior ar? and corresponding to the encoder
shown i dramiiggsraze desi@iegsolelBiar(tha puirpeses of tnstratinorandinohand defimaen effheck
accordi ﬁg_ﬁto ri.or n%Lrt. Figure 4 shows the 7 possible divisions of

macr obl GERES O EJOBi™HO8s according to JML of the JVT video codec. Figure 5
illustrates the generation of conceptual notion vectors for mapping the
corners_of a current B_iecture to those of a reference picture in the gl obal
not i on BaighPascaiptien of heddgwingscording to H 263 Annex P. Figure 6 is a
schemati c bl ' : [ o QL i hodl of
the i nvent i ob ot b AL Al ot Bt Ee O LB oMb dlr A0 RO B e
accordiag. to an enbodi nent of the invention and corresponding to the

encoder shown in Figure 6. Fjgure 8 illuystrates.encodi and.decodi.ng
bl ocks for sKig¥ i ?Fg‘S%B? B%_R@ disgragh of L RISV BERI B LEEIUPHY an
embodi nﬁﬂhn@toﬁés?oﬁaﬁg%th%ncgiegg&l&(@v@insﬂagm 1an exanpl e of macrobl ock

partitioning, notion Tn nmacrobl
Figure 3 illustrates the formation of a macroblock according 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
scheme according to H.263 Annex P.

Figure 6 is a schematic block diagram of a video encoder according 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.

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

embodiment of the invention.
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surroundi ng a macrobl ock to be coded or decoded, and the generated skip
node notion vector for the macrobl ock (the darkened macrobl ock in the
figure) awomsdiveglto an enbodi ment of the invention. 22 WOTOBAWIEE1
PCT/ 1 BO3/ 00944 944-1-105-1 Figure 10 is a schematic bl ock diagram of a

mul timedi a communi cations termnal in which the nethod according to the

i nvent i ¥ft-kdP5He i npl enented. Best Mbde for Carr ring out the Invention
Exenpl ary enbodi ments of the invention will now be described in detail with
particul ar rEifgereeHbis atsohdiafiortdsckodingradinl muhﬁmﬁdr@cmmnumieatiomee&lmimai inskip

(or SKIP crobl ocks .in a vi eo [of0) em adapt to the notion of
surrounﬁ%"r?grD DR Ogélﬁ?‘f)éﬁ]f’gtof lﬁﬁetq eo‘ﬁ‘ﬂleéx ?cgct ed around a

macr obl ock to be coded/ decoded, noti on par aneters conformng to the notion
are generated and the macrobl ock_ is notion conpensated. In this way, no
addi t i oBagt Meden yention transmtted fromthe encoder to the
decoder. Fig re henat ock di agram.of od r 600

i mpl enent ed qafyn‘anachﬁmglﬁtsé’ d?%ﬁ?n ﬁtnﬁg bfe d\?é%}vbeg it d%%r‘{v ltzlncodl ng
frames pgimaulgjhgfgr@dce\tb@e%ﬁr@ﬁqwelr{pe encoder 600 operates in a manner
simlar to that previously described in connection with the prior art

vi deo encodeAcedrdmiggathe invensiogeskan tar SKIRIRde srrctpblerds inTrdee sodiag

conpres

Fi gure ?eéné{%%?fan ggrﬁ?l}h{é%fgtﬂge%gb ?ﬂ%e%?’?@%gé étQé)[ eo encoder
shown i grobh@ b hﬁicﬂgblduktth bappdi@mercadal mﬁrpeﬁmms cofoirhmg tasrtﬁamasucﬁsare mat i on
part necessarci/ to inplenent the video encodi ng nethod according.to the

i nvent i geReraed angkihe gnagroblogk iy madign sARBERSAISAN e ANt Y et AL GRS tighd
oper at e,idys & LR 1tt%cfifr81tnh‘cﬁ@la éoﬁeltt.la%é)ﬁé‘c\é'cl&US' y described prior art video

encoder are |dent| entical reference nunbers. As the present
i nvention reF@ues6 fsm ¢chemeticbldck diagfanyotevidbo anmsler 600 mﬁlﬁE@n@tﬁdiawcofcbngrat

and nore partic arI t 0. detall of the.notion-c redi ction

per o niALanbtmen st e s G e b 808 SCLBEMNAG SB R oder 600
in | NTRGag 608 dfReResnlad mber Gififak ﬁﬂthﬁt’ﬂe{rﬂaﬁslgf@leidi’l%@% SafabtRASVith tHe
concentrate on the operations perforned by t encoder in | NTER-codi ng

nmode. Ipn®MEﬁdeQ)de®gem®‘iﬂaguneHetO\gleu@eteéNd"Bd%ﬁO@d@@dﬂN(ﬂEMééﬁmmﬁ@sed
operat es WI Le hﬁ#a}er%ﬁuctilg‘_%g tﬁ% §1d88 ﬁﬁrfoﬁi?g shovsrrnolrrrl] g@r% 611rsL Zubs antlglhy AR éa!lses

the outp
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
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 INTRA-~-coding mode will be
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
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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116 receives the video input signal macrobl ock by macrobl ock frominput
101. As conbiner 116 receives the blocks of |um nance and chrom nance

val ues whwotvsedeel up t he macrobl ock, it forns correspondi rgThB@zH0S440f
prediction error information, representing the 23 WO 03/079681

PCT/ 1 B0O3/ 00944 944-1-105-1 difference between the block in question and
its pre8ftdil®;1 produced in notion conpensated prediction block 650. The
prediction error information for each bl ock of the nacrobl ock is passed to
DCT t r difffrarcebtiveen holkcld Bdquesinmcdndp e fredintory prodmeed memeti@naimmsinsatedt e
cosine tr niifﬂori’nllcin each bl ock of prediction error values to produce a

t wo- di mBFiERRPlogk 030 of DCT transform coefficients for each bl ock. These
are passed tTh@5féa§dti_%ﬁrerr%9%Wtf%ntf&?éﬁcﬁ!bfocﬁl@%é A8 obRLIS paSsedYgmaat 1 on
paranmeter QP. Selection of the quantization paranmeter QP is controlled by
the cotranggornpediondpbock®d, whizhperforms a twerdinigsionThdisgetaeosine trap@im on
coefficients representing the prediction error informtio each Dbl ock
of “the. R DacRPraRE e eror2LES B ot St Fime e T kel WERTEY ex
coder 1¢&gbffivients fbd da8h blrk. ThRe wiedRQsdiltb quhtBXr C06Iherk fhkyodr Qhisntizb& using
transform coefficients for each prediction error block using a zi

§ . L € : gzag
scanni ng dpaizetion parameisr 6%e Aelscieancef the guantizaficrppasametgu@RB s eendrolled by theci ent
as a run- ir Q the run-1level pairs using entropy
codi ng. C?}lhg)ggljlar?gg‘%rilgﬁ&ga cg%g@? ﬁi%gfsal SO receives notion vector information

from notion fhhelhdatiedd DCT &dedfikietid Ceprésentindithe b2&lictiva e informdtivhdbiedchon
fromcontrol manager 160. It entropy codes., the notion vector information

and conblogk of Hrearapsebleck arsdhangrasedfram qyandizsy 106;t0rdden mnltiplsregder 1y ria
i nf or maj;j 0 1] t d t rediction
et or " HgE0as B FATRARG Sher B ARy MBI ASRIER Bl AEREY, |
t he pr edirot block esinga zigad®scmhing précedurearspresbihito ekchafont-4eeo ndveddplantkedar e al so

passed frotgﬁiguanti zer 1696 to inverse quanti éer 108. Here theé are inverse
quant i zESFTHAEN $e HEYEYY PAG 2B GURBIHIS HR/¥r eV BARR FIR&CIHEPY CBEPEI ci ent s
are ap Wicﬂe%%ﬁﬁ’iple&‘é%ﬁ&el 10 alsd 1e8iedAh Sl d Rekor HBrmUG! fohhEAidATHEH BQuihgpver se

DCT transformation to produce |locally decoded bl ocks of prediction error
val ues. bibick 6HO &l line 120cmddeutrdl infokmaadn fomdiontrobmaeagent 60, di endopaiceddshen
input tg conbiner 112. In.|NTER-codj.n de itch 114 i.s set sp that the
conbi nefheTS IS Gt RO PR BT R RoD 41 et el s R e e
macr obl agkge iﬁﬁjﬁbﬁéQQ3B%oﬂEﬁbﬁ@ﬂ€@émﬁi}?%@éh R66H ¢dt@NpRIREKN 828F anthe

conbi ner 112 conbi nes each of the locally decoded bIocﬁs of prediction
error vaduead inforrhatgon.

The quantized DCT coefficients representing the prediction error information for each

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
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
corresponding block of predicted pixel values to produce reconstructed image blocks and
stores them in frame store 120.

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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correspondi ng bl ock of predicted pixel values to produce reconstructed

i mge bl ocks and stores themin franme store 120. As subsequent nacrobl ocks
of the viwewssrgenl are received fromthe video source amdTUB0gl t he
previ ously described encodi ng and decodi ng steps in blocks 104, 106, 108,
24 WO 03 0738%& PCT/ 1 BO3/ 00944 944-1-105-1 110, 112, a decoded version of
the fr }-40%3i 1 t up in frame store 120. Wien the last macrobl ock of the
frame has been(g;ocessed, the frame store 120 contains a conpletely

decoded 40 3hd 2 deoedadasrsor of the fiemeds huiliowi b ArapresioretlZB8nWhen diedate franme in

d < F01 of thagemes; _ q _
ot ai | ShaorRECRE R R BREL Bl L B AR Eal VA o G oaer 600

Wi |1 nawcb@edifesns, Redablafdeb@id a mbieo grdicion refefenos FEmEM exddiagnpensat ed
prediction in a manner simlar to the previously described JVT codec. In

ot her iobsrsuently jeseiyadhpideel fremeas EN§RRcodedifagatnde to each | NTER- coded
macr obl ock endi. BStl€s: of r e
motion in the %?%%%@g%%gﬁ%%g e ngsg%gg’gééﬁ &\Rﬁgﬁ}@%g@% ﬁ%ﬁ%@?%@@ng node
t 0 assiwill ficw bpdesciibed ardegdl r obl ock, notion estination bl ock 630 perforns a

notion estinmation eration for each coding _.npde in turn. Nbtion
estimation bFRORCRAY ReskoEmy BYOtioRLOBIPERIa I eqigHIhia Aanneh SUKE iiibRance

val ues I | : Wp'E i
ot rmth oHEITRERR ST TAG! BROAGIn b IF1RRERa | Ohslihd RIIRb o coch
possi bl &N ERHcodedmatesblocle depghdiag onlike clidneterisiins ofitha maarmidlqudrahnd thesmoben on

estimatiop in order tq ident,; best .match .f .th block in th
"ot er ertdhs vidae g ds et el oy Reh Eaal B Lo TolRD SREtRe. pi xol
val ues pftiddig ARGHKIBEL Hotion e@?mﬁ&&?ﬁlocl( hephesrinsBh6ibiNstinaGeABpraoPNE Or

more best- matching regions of pixel val ues, dependu&g on the codi ng node).
Each befor saditaodinggnodssiodemaMagioniestimatipndvieslad30 wwoeives e blocks of luaneanste, a

| i near ¢ ination of the.sum of bhsol ut iffere t n.the pixel

vl oo SRR B i un RIS o SRS R SRR Do i
t he ref&kigfa6en WiaAMR, 128 tecFig@sto) MRithsh luthadachbf tetsdiblgebliad micles e the

node and represent notion vectors. Once a best match has been obtai ned for

each caofisighe oiberein ot icbd Pardermedneting stiBekios Jpomer oddenty abeg seatelyiofnde
whi ch yiel ds t i r 1 he
cur  ony IEHEERISIGT REbenc (R bp SRk Yrlte Aeclditolnd éuthidng Bicef |7
encodervdiid3 of thig 1Ba¢robldck @ bd duaisé. (The bed ahttlywilMonapriselode dvmotobze- (shown i n

Table Sr%htcﬁviiny;eéigr?s oefx p%geqtdaﬁlgs,tdggén&igg on the coding mode). Each best-match is
associated with an overall cost value, for example, a linear combination of the sum of
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 smallest
overall cost value as the coding mode for the current macroblock.

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,

depending on the characteristics of the motion in image segments surrounding the
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SKIP node is redefined to allow representation of global and regional
notion. More specifically, the SKIP node is nodified in such a way that a
zero (norwedBiovsyl noti on vector or a non-zero (active) nmPCITABO/@L40r i S
associ ated with each skip node nmacrobl ock, depending on the
characteristics of the notion in inmage segnents surrounding the 25 WO

03/ 0796844-PAPP11B03/ 00944 944-1-105-1 nmacrobl ock in question. In the
following this type of notion vector will be referred to as a "skip node
not i on wmctobidck iNMeestiondmithd fodloskngthimigpe abmption vafortwidl herrefoned sd ¥s a
describgd.notion estimation process perforned in turn for each coding
mode, t hXRAOERBIOUCP ¥8¢10et er mi nes whether a zero or a non-zero skip node
moti on vect oyl : HS., n ' aRgERioho

anal yze the nntigﬁhg?ﬂﬁ%géggggggg %gB?gﬁé#&ﬁggf%g 0§E§h§ﬁ§6§ or sﬁ%Lblocks)
sur r oungroaegsstpesformet mabinoiok each dodingodedk, thef encodatdirgirdeianmses Indiettiche zero

surroundi ng regi on. exhibits a certai pe of iop, for exanple it has
char act 8 e Edor R s Delest VEIOsEPIgbEREHT dioalo Uit T noTder SAEEELL o
non- zer gnde4RE bR o@ﬁ@ge@%ﬂn@ﬂs Y&E 1 REcrbBBEIRSARY 3t sitebREKd) RErrdRIdi the O
the other hand, if the encoder determ nes that the regi on’"surrounding the
cur r ent magkoblsisk de ke doded. Hat dedsaimingst thatghe bartoundingeggion gkhihits & oerfaib tipeiofist ead
has an insignificant, lLevel, of nmotion, ..it. ge tes a.zero _valued skip node
ot i on USBpH o e aReS e ieeR o EEIoRUE Rl Sootid. ¥R on 1

t he reghabn-seforvaurdiskip hbée BbtibehéctoraepRbdmak ctdshemalieh @n BbafRE haid, st i c,
skip node coding _is adapted to take account of this (bgllégeneratl ng an
P

associ atfdbe ensedordeterpunasdbat dhe roeinpcarroppding thevapenimpapplesle Aeastrioy exlgbit t he
not i on) ter j - f ORI . 7eE.0 tion
vect o ESbEiEz0BbhY Sadfic LAY HR S iR BB b RS EI Qent BIARERE O
oper at evalnedskip moen maival veonriaotlier &ords, Zahe el eredbtGiiifestbalehambtion invect or
causes macrobl ock.to. be copied i(;é(cl;I y fromthe reference franme. Having

per f or T TRYPR SHTREdInghe GHTEE &Raste 3812 edokah chpragierastis, skip m9rde cedgeng
fea _ _ T ¢ — \ ! .
A T g L g

600 determ whi cﬁc codi n ost val ue
and sel ewtisn vhetor reprhseratited thouhiotign). Adtdmmativelytifweo smebmodilondk pieserd@sdro on.

An indication of the finall el ect ed codi ng, node, ..f0 xanpl e a variabl e
fengtn CobshBeionerdetisacrertied enetisaiie SRbcBAam i e e demfon b e 3.

| s assogh@htgdn WcbhvenBBndIRenabr 0k RRMv A WL oHOMoA6n VEd6Rbds St r eam 635.
This enables a correspondi ng decoder to identify the coding node for the

macr obl oekrohlngk o be eepitd/dirgatlydnum theaefarénse droreobl ock using the correct form

of motion- CO%\?Q’I%%%%%HB&P r%'oﬁgrll Stimation operations for each of the available coding

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
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,
is associated with the macroblock and included in the video bit-stream 635. This enables a
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.
Figure 8 illustrates the functional elements of the motion estimation block 630 associated

with generating skip mode motion vectors. These include motion information memory 801,
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The anal ysis of notion in a region surrounding a nmacroblock to be coded to
determ ne whether a zero valued or non-zero val ued skip node notion vector
shoul d bewossd79s81 | now be considered in further detail wcrhBexdfoessence to
Figure 8 of the acconpanying drawings. Figure 8 illustrates the functional
el ements of the notion estimation bl ock 630 associated wth generating
skip nmot¥-dPPdn vectors. These include notion information menory 801, 26
WO 03/079681 PCT/1B03/00944 944-1-105-1 surroundi ng notion anal ysis bl ock
802, acsurmoandmg intotiopanalysis diooéd®2; attive mdilonghkradik3erageteration blovk 80 and

par anmet er generation bl ock 804 ngoﬂeci sion whether to generate a zero

val ued &%? OHBBé’aWHﬁt%rgeG‘i‘ér&?%‘PBIBP. on- zero val ued skip mode motion
vector is meggs Mo HALAG @%;Haﬁte%e?@%lﬁéd &ghg% nftfidn vEB®r oP'Eﬁ%x?—' on is

made by anal ysing and classifying the notion of nacrobl ocks or sub-bl ocks
in a predetliedskip sgidomationrwwatedistgadaley srmuoding ahotion dnelysisdéatk82nGhe
predeterm ned. anal ysis . schene.. In.order tq.performthe analysjs, .

sur r oun®i“He> e} NFpYEing agﬁ(g]@ﬁm%%g &8{?‘% l?%qqtl%%s ioﬁﬁ‘bﬁiﬁjﬁﬁ%’r’i‘ 2
rel at i ngreliéfidell@egTBe EBhiRf el 8O thacrd®locktb Hb Loddisusi 4 fedgimtiashalaMgid egi on

from notion informati on menory 801. Depending on the specific details of
the i njshemernarde o pedersthsdinakysisgpirnennding imatios abilysik biasl 803 retricvasged t o

rmcr 0o BRSSO B BF bt BTt} ol HodtR b B AP o Mt ng ™

regi on guhinvbticd iafemation heh@veBORDepending oh the spacific detads Bf g@nmon vel ocity
(as depicted in Figure 9, for exanple), or a particular form of

di ver géﬁ&%?m?lﬂﬁ@%ﬁW@H’&g&moﬁl%%n%h%blP@? mappe gramsd topnalggfi thhal nmotion is
P e woorfiuy, RBRSUHBARRI LSRR 1Bl AaABahRIFo B K BREL LGRS t hat
active moUI OA" I's present 1n the surroundi ng Fégl on and "a non-Zero val ued
ski p nmogkampbd, iHihe vedivorin gteculrduiding sexion Ghibitsteecephindevdlafidontiduitiyhe regi on

surroundi ng the current robl qck_does_not exhi hit such coptinujty,
common SFERPBGAYMER velpgsy %ﬁﬁ@@ﬁdﬂ ﬁb%lf%%gfgh@%agml%» PraPYHFYPCIORD 9fevel  of

Mot i On, divéBen U OURY kil eBRhAQBNRTEIN BF SloBAIUT ke S0 WiHRR it PREentNRNz aCt i Ve

motion" is present in the surrounding region and consequently a zero
val ued esinsgsugpeiessumotinding wedionranglysis btbckeonsudes that "s¢towomotiotiigpregerBini f t he

surrounging notion anal ygis bl ock determines that "active tion".is
present tﬂf’ ﬁ‘%F‘PFé‘dEtﬁfF%i?H&%ﬁ& nPE"gqe_fthﬂV‘?desg%ﬁlé’aﬁﬁml 'Y ivﬁcif’f %Wq‘g%)et ‘i‘?ﬁ? ffect to
active fBbIRALARL, HTRE %gi&?ﬁ@fo@hﬂiﬂ? thd QfkenBRBeroBlbick Aot LhdTRxRibRQAcKEr o val ued
skip node notion vector representative of the notion in the surrounding

r egi on. COpENgily, cchsncactslecity arglivesgenpe padrbaser seperadly ansigmifipans dveBoBmotion, i eves

ot i on 1.th E%&Iﬁltdﬁrf)g%gf%@;ﬂaﬁ%lst l:(ﬁoékhgoncludes that "non-active motion" is present in the
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
motion 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
corresponding indication to zero motion parameter generation block 804, which forms a zero

valued skip mode motion vector.
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surroundi ng macrobl ocks and / or sub-bl ocks fromnotion information nenory
801. Alternatively, this information nay be passed to the active notion
par amet erw@en®resi on bl ock by surroundi ng notion anal ysi #CliBe00802. | f
surroundi ng notion analysis block determ nes that "non-active notion" is
present in the surrounding region, it sends a corresponding indication to
zero moPttmi-¥9arhnet er generation bl ock 804, which forms a zero val ued skip
node notion vector. 27 WD 03/079681 PCT/1B03/00944 944-1-105-1 In a

parti cul ar| y mdpanticalgdyadvendgedisembodiment tharinaanticn thetsueroguding wepiomef

i f bl - b | yzed by. th di ng .not i
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nacr obl gl c@sia adrbb18bEEhePdhbotifg kY Bacr6 RISl tof hiecoABA|BiSinS %! d this

classification of notion in the surrounding region perfornmed in the
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decoder orepagr bt dyMiGHer SHicgB In Feb b it RGra (R e RRthe ve
enbodi MgilenBidn, b @dHGaATL ihRRmbieh £R6H BigkeiDidabe @codtr i adder ¢PdRMdel dTBlsdl obl ocks
are taken into account when deciding whether to use a zero val ued or

non- zer &2iengl BWHOBKi p npde notion vector. For exanple, if the surrounding
notion anal ygj . raH) i iQpary

el ghbor i ng. bt Sbff AR by orEh d B TR AHRRTY |,
a fir st npicafbdsdke aregabadintestcondt whea detidantwitdiha us nsdngiro gah®ed oonomnaby si S

bl ock 802 classifies the notion in the region surroundi ng the macrobl ock
accor di N3P SIHR&Odeanotny wgtoer-rﬁcgéxwegy H_rﬂ%f‘c%’(ﬂ’i?ﬂlé_.glngim%’ﬂnﬁlag’é]ﬁ #kdi ng

ot on aBakRbell et & 8he bEYER IR ndiAREIB I RRMG, h e TRRIARLACkS of
sub- bl ocks surroundi ng the nmacrobl ock to be coded (i1.e. previously encoded
macr obl oslds nmeioghisotor mgusethe macr obl ock to be coded, as shown in Figure 9)
and generates a_.nedi tion.vecto rediction for. the macrobl.ock. . The
modi an ot | Sh VB PHCEFLGPBRTT & POFE O SrrouR AR A NS

anal 0gogp2 bRsdifié! the $Rfiohn (HEREEBA sH@GIHNindthe tactdudstkareaitiang theo JML of the
JVT codec (see T. Weigland: "Joint Mdel =~ Nunmber 1 ", Doc. JVT-A003, Joint
Vi deo Téadhvohg (HEeY stECpIvRErantrstlyl surrovalicg nietion anlysiz plockigriricsesmetioni ng

. lys. lock d ! ) ; Lt )
ot o S B o B0 Bh G RTLREAS 1o
exanpl e prdvaduslyeenebd& thacrbblotky fei §bdding i mh&obldbik td beesbded e sEBVh @D 1S

classified as "active notion", ) o _
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
motion vector prediction according to M1 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 larger than a certain threshold value (for example
half a pixel). If this condition is fulfilled, the motion is classified as "active motion",
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.

Implementation of the surrounding motion analysis block according to the first
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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otherwse it is classified as "non-active notion". Finally, depending on
the classification result, surrounding notion analysis block 802, sends an
i ndi cat i owotog/oeié8her the active notion paraneter generat PCA/IBORWR44803 or
the zero notion paraneter generation block 804 to in order to generate the
appropriate skip node notion paraneters. Inplenentation of the surrounding
not i on 24al13t854 bl ock according to the first preferred enbodi nent of the
invention is particularly advantageous for two reasons. Firstly, in a

t ypi cal yesidteer SRERCmaH BlbcRS. AdterdIVTtocte Eest peefereet a@nbdli@ent thid sante used to
predict notion 28 WO 03/079681 PCIT/|1B03/00944 944-1-105-1 vectors of
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pass the nedian notjo r ters, alrea energted in the surroundi ng
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mnimz %%e{raﬁ'@d TRl SRRnAtd QR0 Rl sistBlocksS tMHE nidiRh ol ehitibR 8hckoTIENET at e

additio motion paraneters. In & second preferred enbodi nent of the

i nvent i also trtiEngzasrtoeip] my entati proeoraplaxifys ismce Bleocie nameby tregenetaée adskitianal  n

Vi Ci nitxj(ggf t he croblock to be coded and classifies it as either "active
not i on" POHO RYANSETS-ve notion". In the case of "active notion" the active

notion paramef %coﬁ@?f%‘f&?éd%i‘nﬁﬂd‘ﬁﬁgntio? tlachiaioadhegisrdufdingen&ihenalysis
"non-active notion" the zero notion paranmeter generation block is.

act i vat block pralyses sheampiden merieinity ef tearacretleck tods coded #ul classiies dasicither

noti on".cat egory i akes | £ ebt r & o+ ‘?‘r,]gi” i:ans bel ow
are tru c?iv?)&r?g% i §% %%gicﬁgfdgﬁlolgs'lgﬁges%ﬁ ?fe)cfkggé m%@??vgﬁﬁg I onli)i:1 ndition
1: The paemel geleritiviEsioed laytivhalsmddn tideaseat finhwtike noted? dieedkso t ot he

| eft of the nacrobl ock under consideration.is not available (that is, is

out of IeEOpPaANeler GenerpdHRIgek tsodvaipd- i fhin pmbpigent thes}?awﬁé%wn@ thehe
o o ol R Ll R oo b PSR
16x16 | thERtarekese the motion is classified as “active motion™:

Condition 1: The macroblock immediately above or the macroblock immediately to
the left of the maeroblock 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.

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 illustrated 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

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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has a zero notion vector and uses the latest picture as reference in notion
conpensation. Operation of a video decoder 700 according to an enbodi nent
of the irnwerBioowssi || now be described with reference toPETJBo300944 The
structure of the video decoder illustrated in Figure 7 is substantially
identical to that of the prior art video decoder shown in Figure 2, wth
approprtelobdi fications to those parts of the decoder that perform notion
estimation operations. Al parts of the video decoder which inplenment

f unct i cjesresgshde pethatefcdder deschibed@y condlentioncsith Figuich®ampt is vhaedte/capelsle oif bed
prior art video decoder are identified with_ identi r ef erence nunbers.
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decodi ngf thdepdrntiorstpecfarm&Bby dscadariitie dotmecto ithrth&d&odmgrafANTRAY-e, as t he
pr esent inégnti on affects the decoding of video franmes in | NTER-coded
format,‘_’oéé _ e 68¥mt§_ operations performed by decoder 700 in
connect i on waﬁﬁ-%déaeﬁgﬂéwe Qbcodbl RicrdbRR Dy hANESIo¥E, lchc DN TR cb &k
| NTER- coded franmes are decoded nmacrobl ock by “macrobl ock, each | NTER-coded
macr obl medrobleckyeide docteldd sulintanginlly as sopnzs esowied dsfoenatvrenglating ¢ Was i on

relating t.o jt is..receiv in the bit:stream 635.. Dependi ng _on t codi ng
ode. | URECith b bE bisatorn g datben e dp hER R PRECisRT FEE P rfiRo i

| NTER- ciagiededBLthe BltQkari®yr SOINPTER QodedcAsRbMBEL By @bmpMbéa eaavidetion of
prediction error information for each bl ock, notion vector information for

the na¥LEhneededmedigtion grardk®ymatien ©hcethddodo mation viepipp itermagianiferchedi ng
an indicatipn th cO . . k]

quest i o‘ﬁ?crpglogﬁk%é}l 'll)jll 0occgj :iqgi eglgg(geg;%%ﬁﬂf @&oﬁ%&ﬁﬁ%g&:ﬁ\ﬁ%@%{r% 400@5%131&3% or or
not i on aREimolldhiedndeheienias @héroblotoid festige Tdhhaetobikiinencodadin skip t he
bit-stream Videg nultiplex decoder 270 receives the video qug% st r%g 635
and sep@PaL. @ NEHEH ST Or FRRRRIVEHOT IHRIMAoR gelang todhe meroRlask it Weludedi ng
node of . t, ?bﬂ-@t‘réeﬂﬁl ock fromany encoded prediction error and / or notion
vector Tnformation that may be present. As explained earlier, prediction

error i nfor ndideomultpler decteldr 270 scacivedihe viden ditstreamdiSfomd sepagessettoht | ve
of entropy coded |evel and.run values. |f prediction ror. information is
o ovi deBITBIIPRANEHRRE AR HEEHBBIBAE CAdie WB;&%# e mﬁcm%_i%&%oféfe%aw crppged
recover@fgdfcﬂ&l LY ﬁdé{bn%kﬂdﬁﬁlfgﬂnﬂﬁﬁ%t%yh%r&&htab| e | ength

codewor using a varia | engt h decodi ng mnet corresponding to the
encodi ng net Asdxpisiadd earlien podlestiof@dror frtfornhation is encoded as variable length

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

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 a 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
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
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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reconstructs an array of quantized DCT transform coefficient values for
each prediction error block and passes themto inverse quantizer 210 where
t hey are wowanswsguanti zed. The inverse quantized DCT coeCTiBixwws: ar e
then inverse transforned in the inverse DCT transforner 220 to yield an
array of reconstructed prediction error values for each block of the

macr obl Wekl-18btlh t he codi ng node i ndi cati on and encoded notion vector
information (if any) associated with the nacrobl ock are decoded in the
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becomes_ayaij.l ab f o erence franme for notion-conpensated
pr edi ctl?rgélcjg?n 8%%39%?-0@%&2& %Sarres. According to the invention, the

ot i on conpeAs&irétighé e ifitdndionothe ekotichQombettddeedictidiblockPi0 Sadecaddrot i on
informati on menory bl ock 801, ~a surrounding notion apal ysi.s bI?ck 802, an
active TR\ GOERPIES A matiop IgferBtian BAMBNJIRCSH, 4 sHraundipgmeHen aplyss bRk er

poner e hasl, A0 SPOL BB BB MRS TSR0, Thce

function ocks r er a necro encoded in
ski p nogkmesdtion Ibibche8tdamalopaisad thoseiprovadaein@nvaden 660.0Fheae finwtiamal blocks ued

ski p node notion vector re specifically,.when it is term.neq that a
Ty ob) BERSTOgE e BRTSNREk Frrodid i HEote ShrubREFGtAGH nY
anal ysi ézi}b %iﬁgé Qfaaeﬁl.'zx %Ihﬂe'afékfﬂ 13884 fbBSn Y &EorTMdrO B fidAI§ Wi Rtk ¥ decoded

macr obl ocks an or sub-blocks in a predefined region surfounding the
macr obl det&mtinedihateradetldck taberdenvded wex enxtodyd toskipspdadiunmgueding mtionsed i n
encoder an% 3(1)sis 1rﬁgckaS(gzeasnlélll}sseso gn cqgssﬁ{]e% ltlyesrlngﬁorg QF prg%%ﬁs% Idg((::okded macroblocks and

/ or sub-blocks in a predefined region surrounding the macroblock to be decoded in a 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
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

proposed by the invention and performing surrounding motion analysis in the decoder, it is
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in question is either associated with a non-zero val ued skip node notion
vector or a zero valued skip node notion vector. This notion vector is

t hen usedwoD®3fomesl a predi ction for the macroblock. If thecrasexwbock is
associated with a zero val ued skip node notion vector, it is reconstructed
by sinply copying pixel values froma corresponding |location in the

ref ereng44-1i10are. 1f, on the other hand, it is associated with a non-zero
val ued notion vector, a region of pixel values indicated by the non-zero
not i on E@é&ﬂﬁé to t&k@@&duﬁt%f@wwr &t Rglofendtiostih awaddsagqhaice vstlﬂ@utnieth%oc k. 1t

shoul d be appreciated that nDdlf ng the skip nmode concept in the manner
proposeGXIﬂvlttlh@fth@h@O@hS@hantéﬁ)mpﬁ‘ngé W‘Eﬁﬂ Hgs#-on anal ysis in the
decod / PCT/ |

ok acoun St A T R el YR

requiri El@pteﬁwmdp@liate incedrdaide arittaihe piessntdhvemioh evill nowhies qusertiedeHigute M deo
bit-stream A term pal_ device conprising video encadi.ng. and decodi ng
equi prefit thaApearRARy geiravyigp B IHISS 3 prilamedia ﬁeraﬁ% Sl dmplenignied acerdpiedgent

i nventi gy Jekoﬂ&‘@n@ﬁgﬂ% G54 bafl tFlllz‘%lgﬂrc%n 19 re hg 3f6! fhy&a?lgcé?{e?\_’r\‘ ngs

|IIustrates a mu la termna i mpl ene according to
r econmredekats. diﬂ*mbluﬂébdeleﬁbt&s that oaptade, egnddend mghlpdmdnahmaedmxlletta steeding for

transcejver . device. |ncludes el ements_ tha encode and

1 i BRSO LTS RO 25 el S ML 00k oGV SRrBAPEISEs ons

net wor K deydle WRl HlsﬁI%Pr%c%%ﬁtrﬁulﬁﬁﬁHlarc%ﬁﬁ:hV ETUCE rd¥inin AliS%on HA04 Qen&He

di splay received nultinedia content. I TU T recomendati on H 324 defines the

over al | ovgpell apéretorodf thh terminaliandefem do pdbrresommenddions that gavesmélst i ons t hat

th t o i . i t t Th ki nd, .of
sove RGP AL g el B ST Al
conver sgdal-gfw! aﬂéh&ﬁﬁﬁl@ kemphe f&}énv@éa‘tﬂfbﬁﬁl Vﬁ@éﬂtelépﬁ&y%m{dn(}aﬂttﬁﬁé apphdefioras t he

retrieval and stream ng of video clips, for exanple froma_ nultinedia
cont ent suchiasles refiieviehend /rar sirpaning|of videe c@pm esexapiple fiemp mglsimediaspsiant on,

it ShouLQv%% %gh&ted that the H 324 term nal shown in Figure 10 is

only one of alternative nultinedia termnal inplenentations

suited to apnim&bmm &ffthé pesérm vevvhtive ingHonhibe dppravimed thabdhs 1.3 not ed t hat
a nunber of alterpatives exist relating to the |ocation and inplenmentation
of the tEmMahshowREFigwSIO 1s %lqunp@ﬁpatn@er ohplterngtive mpdtimedia tepminal nedi a

o el ) By CORONGEARS FRTI FALORE SR B 0

Net wor kjhumber dfhiltsrnatises dxiint retating toghié bchtbomamiainpilenentation of the terminal
equipment. As illustrated in Figure 10, the multimedia terminal may be located in
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 a 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 multiplexed digital data and control signals
produced by the multimedia terminal into an analogue form suitable for transmission over the
PSTN. It 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 a way that it can be

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 pped with a nodem 91, conpliant with ITUT recommendations V.8, V.34
and optionally V.8bis. Alternatively, the nultinedia term nal may be
connect edwpDm®3ameekt ernal nodem The nodem enabl es conver CFNBE00bAIE

mul ti pl exed digital data and control signals produced by the nultinedia
termnal into an anal ogue formsuitable for transm ssion over the PSTN It
further9emnaled the nultinmedia termnal to receive data and control signals
in analogue formfromthe PSTN and to convert theminto a digital data
stream M@kaoeﬂ %re@@ rﬂdistlsmws%eln@ﬂ%rphﬁ@@@'@egirdlpfbsaﬁtempam@ﬁatateemmner by
the term nal . 324 multimedia term nal may al so be inplenented in such
a way t%at it can be connected dlrectly to a digital fixed Iine network,

such as an | rat.ed S t he
nodem 91 i s ﬁ%é@@h‘%ﬂaﬁ uazseor -he é\%h E@%&?é%‘%@ﬁcgﬁ&?

PCT/ | BOZ4{3ie84dhs. ﬁ%—ed—wﬂtﬁﬁﬂrdléﬁs@bfrﬁﬁﬁncaﬁﬁn fink,uthe mbdemt91i G [bSEBpl arzd rwittet wor k
interface is represented by alternative block 92. H 324 nultinedia

t er mi nady myomaé%waelewdaﬁ@eeafaé rentessnied bysiipmative ieghk 93 i Fighre 10. For

anp L cabl fiie, A 4268 WaldnBid BhEP S AURMEL 240 Bndcefir eldifinrodem 91 can
be repl ace appropr| ate wreless In ace, as represented by

al ter nat:omecﬂixha@ khe%hrreﬁht Pqusnerafin GEM mobilargidphonanetitofd 6f Memubpdsae a’a

term nal can include a radio trans ver_enahling connection to the

cur r ent egeraiiogd Rd (Ui eesahMavee éfeﬂ’é b}uetwork or the proposed 3'"
gener at i on UMLG, (i Blaah twgmlﬁnmwm s ERRDNor thio-wRPMEmBRCARed
that in nmultinedia term naﬁl esi gned for two-way communi cation, thaf is
for tratimtisser tnmsmlsi;lareanelp'ecapmnbf v1ddedatda1ttas advantagewldwtamoagb(mﬁl a vidge ovi de
both a vict%go enc&)de and .vi g‘i% oder n@ enent e accor dicn %lto th .

pr esent CRRFEMIdgRdeogFeRd fmp c‘}?Jetﬁl acgprdingJe § e?rei)eéll FIVERtio: SURN MRENGe nt ed
as a si pey Gecoadianas oftbﬁ‘ﬁﬁ;bl@ﬁ@hte&' i 581 gﬁf&)’iﬂtﬁ&%dﬁﬁn@tﬁm@l unif; @sfeged tofastay pi cal
H 324 multinedia termnal will now be described in further detail with

ref erenteded'.Fi gure 10. The rrul timedia termnal 80 includes a variety of

el enments referred t "L er m.n N i %! Hg audlo
and telemati tagl\%dclgg%&g.}@?lg 3 ?ﬁc@”gﬁn%wtbed e%rdelﬁce ngﬁ t\é‘{rlgﬁ@ll and
83, respgekhdeboFigukBaoyi deo equi prrent 81 may include, for exanple, a VI deo
canera for cagturl ng video ima a nonitor for displaying received VI deo

content and dpewaNedip temin 88 dacludsg a@uipt s ﬁlemeﬂﬁ%r CERIE 0 ey UrmHBRk 8
typical leé{uibr%%llltuqﬁﬁs 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
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.

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

implemented according to JM1 of the JVT codec, with appropriate modifications to
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a m crophone, for exanple for capturing spoken nessages, and a | oudspeaker
for reproducing received audio content. The audi o equi pnent may al so

i ncl ude awoiosioosal audi o processing units. The tel emati c PequBmi®nis 83, nay
include a data term nal, keyboard, electronic whiteboard or a still inmage
transcei ver, such as a fax unit. The video equipnment 81 is coupled to a

vi deo couer1851 The video codec 85 conprises a video encoder and a
correspondi ng vi deo decoder, both inplenmented according to the invention.

Such ani&IGRER inaRddidicd §KIP Mod¥ dohcdpe abl@sdih g Rthe ivehfin fobdtR Wi Gcoddre Vi deo
codec 857is responsible for encoding captured video data in an appropriate

f or m f oandfthe déveder afithagides sddas. over a communi cations |ink and decodi ng

conpressed video content..received . fro e CQ nicatjons ne K:nd the
exanple illu lﬂertgfnélﬂ?a\t he 1%_8?@”?6?“?%?@?% ot gg&CJCOI s> dle Oﬁ%%%%% L% di ng
to JM Rfertdte ndMbe£96lake tMetvilddRIDAER thedudiBslict ic6@biisantedcaRrME i3t 079681
PCT/ 1 B0O3/ 00944 944-1-105-1 inplenent the nodified SKIP node concept

accor di pair. ficonkerts andimdate aantyred yrbe tsemimgl o aedio eqHpmeninge: Byarsugpble he
i d dec. The terninal' ' i ' | : ] dec,
Henot edtt fermanat STRRP ot Sk IMDIE Hanl BpfipdRo Rt 8B @ileRAPREC

audi o cReachetTROiSERkAMoeI oA suitade fl@sprodaition, fot exaanple bh shetethinaldat a
captured by the termnal's audio equipnent. into a formsuitable for

t r ansmi yfisaleyeFhe AEPE SRR fosles 1§ pasReddad d_@?%(r@‘?‘i?r% Té‘ﬁc“@mn%ﬁﬁ%ﬁ o data
recei veg, tﬁerc%'fgyE %&ﬁkg@gﬂ&@%&g@ &H&gfprg%m&'{hhgQﬁ%{ésﬁ{gélﬁgﬁ@é{wﬁtdfo n, for

exanpl € on the“term na oudspea e out put audi o codes is
passed #wli@amividgo tdmek. 87. This conpensates for the delays introduced by

the vid ' d . hr oni sat j f dj d
Vi'deo cont enthe HHEIEGSRERPREK AL U BUETBA PTG SRaE s e BT nal
contr ol §o@/it &-iﬁgeaﬁ@;rﬂfoprﬁtae%ilnildg Eﬁbtét%il (ScRMiRPRbEPE8)ab @staBIkh 2 onith&t ocol

(signallTng block 88) to establish a cormbn node of operation between a
t r ansm mbilngf epedatmnrbetween; atyanseitting ahd a Tensivéngjieaninah d higistgmkllvg blaskd%anges

information about the encoding and decodi ng capabiliti f the.

transm ?’i(}?‘ﬁtbgeé On?agboé’i %loﬁtgﬂl? g??ﬂ%ﬁ% aspcda 80‘%3% c%)ea%l}gga O? %‘eg[ﬁagﬁrpgu?%%ndvari ous
codi ng fREeHgEmtiRgs ¥hd 64 BEREES enabldiBe FHSH R BodRIBhEdes if Bdvideb @lcsder.
controls the use of data encryption. Information regarding .the type of

encr ypt Tensysteubeoniroblilack 84 alse contipks thesusesd dpig speryption lpfomnatien egeidsg bl ock
B0 RS SRLFIGE TR LY o Py e R e
the multiplexer/demultiplexer (MUX/DMUX unit) 90.

During data transmission from the multimedia terminal, the MUX/DMUX unit 90
combines encoded and synchronised video and audio streams with data input from the
telematic equipment 83 and possible control data, to form 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. Correspondingly, when a
multiplexed and possibly encrypted multimedia bit-stream is being received, MUX/DMUX
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
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
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conbi nes encoded and synchroni sed video and audio streans with data input
fromthe telematic equi pnment 83 and possible control data, to forma

si ngl e biwogBoemsr | nformati on concerning the type of dataTareyoopid on (i f
any) to be applied to the bit-stream provided by encryption block 89, is
used to select an encryption node. Correspondingly, when a nultiplexed and
possi blogdengoypted nul timedia bit-streamis being received, MJX DMJX wunit
90 is responsible for decrypting the bit-stream dividing it into its

const i tyeodssiibuhit"REh @s a GRERBARBEsSr, ANHIPESHONIhE BRERS FRPRRNAS Ft diferthie
appropriate codec(s) and/or termnal equipnent for decodi ng and

r epr odufubétooms of thettheltimeldia tepyiinal, eeandomaicess memeryibdM, e reask erlyngiemornat | s,

ifoit i ui d.with a dio transceiver 93, .i i:l.1_ be rstood by
those oRPFFda Ritaiflbetp o, FAS R irRORER.S Sexalihe bl i, R RIS GRE o o 1
one enmhQde @Bﬂéspohdiﬁ% P tHeRSicFuntiRhs bithe hihvifiRelliatémind 80) Hrtayd antle gead-
keyboard, which enabl es operation of the nmultinmedia termnal 80 by a user,

a cent reiily swmary BN 20é gan Pogracaizd /a0 oamired by theymicnonrocespeye £ $K#8PBNI t, such
as a mcraprocesses, Which ¢ . | S i far different
functi o?{%d%g?oﬁli?i oﬁﬂjletlﬁs?rr'é |%1cct8 g%?éng*tgﬁg @8 om Ogdgt@lggﬁ ir?eghgorc;?&%%efséﬁér ead
only memBioftranSEdiker@3do forth gtédleci@with a nldtélerdoimotiction setwak oqablng ng
instructions, that is program code corresponding to the basjc functions of
t he mul thp padiizedia tormgl 8989 tragsnait griggnationite ang gegptve H#PV“W%}“&@VI and can
be execr%ﬁ’i‘f'e@cﬁmﬁﬁﬁ%ﬁ@%e@%oﬁ%eﬂﬁé&?&?&ﬁ?sSor’ for exanple under control
of the user. Tn accordance wth the program code, the m croprocessor uses
the radio tThansaeopmecesS@ ronifars theatatoofthe nsanntarfade andnobirbls thodigiiali cat i on

network, enahlin t he mul ti nedi ermnal 80 to tra it information to
and r ec"é’—imﬁé"_l'itiﬂf ARSI B ufs?ro‘iﬂn%rﬁ@%’ MP1°&°P&%WiI‘&%W§§H1%%W?§° ’E?\?%ﬁdoa radi o
pat h.  Tie:iifh R iREAHS RANOOEQASintdp8 of HRkEl Aled SRuESRis baitieliage and

controls"the drgital canera. In response to a user command, the
m cr opr dtcesaively dusinglet saptirengaaaesss, theomieepiodessel sgigmehtsitheieageiinfodmege RAM

Once an inmage or digital vide equence i s capture or ..alternatiyvel
during Tq@egﬁﬁ?%re?(ﬁ%p%rrﬂﬁcé%@?afsi@%sbeis ér%%@%&éjpgrg%lﬁ%ﬂ%ogg? ﬁ‘ng nr%asét\éﬁi %t 0

i mge  &REARBLS tHd REMRHRTR bRIFRL §BIACK Sompresked SR8 gd feuenepstesxplaingdeinf or m
moti on conpensated “encoding of the segnments in order to %ene_r ate a

conpr esthedotegeine dsssgiptime e user ressptommpandl tha multiaedia tagins §Ude displayihon. A
user m Q nd the.multi i r . di s ‘E]?eﬂ? red i mages
on its %qu%%%ﬁesg 0 ltrssr?ﬁé’llﬁog t@g%r%lrtgégﬁhpl\%?s ggllcgégqsl% ﬁ%lgé Hglnﬁg t glor adi o )

t r ansceirMiteif& 930oanethbemultithédisemnal, arviddatklephond daaedted phiive laennect ed

to a fixed lLine o ) i
network (PSTN) or some other telecommunications device. In a preferred embodiment,

|%

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 embodiments, it will be apparent to
those skilled in the art that a number of modifications and various changes to these teachings
may occur. Thus, while the invention has been particularly shown and described with respect
to one 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

than two motion classes. For example, one meaningful classification involving three classes
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network (PSTN) or sonme other telecommunications device. In a preferred
enbodi nent, transm ssion of inmage data is started as soon as the first
segnent iwoanoowed so that the recipient can start a cor PETABIRAOOG

decodi ng process with a m nimum del ay. Al though described in the context of
particul ar enbodinents, it will be apparent to those skilled in the art
that a eqqrbgsaf nodifications and vari ous changes to these teachings nmay
occur. Thus, while the invention has been particularly shown and descri bed
withr eéﬂgﬁ%on HBuRR "RbntiRicts MoBhAT, "sdive FRIn"BAY SndP&Re motioh” Wih lthis be
understood by those skilled in the art that certain nodifications or
changeswanypdvel madientpasmadters Wigtt the typicié pase oif ngntinuons mietor caplke gamsthteshi rit of

the i ti t . forth above. | ticul di.ng_t .
al'ternat i ve CHEGHREHEDERYS ARG HpertdRe Myttt s OO REER MebaR AMILE bl ock
802 is pReRiEdmotefhRbsitive nidt®nPatdnelerendratish RURE Reiviedifaull thé skipor e

than two notion classes. For exanple, one neaningful classification
i nvol vi npde hrageobldcksses 35 WO 03/ 079681 PCT/ | BO3/ 00944 944-1-105-1 of

noti on woul d ,be "conti S tion", ive iop” .angd " -active
motion". In {HrEd gaggﬁﬁ?rﬁﬁ%% YA %ﬁhﬁ%&%&gaﬁi gfustl[%%fa y"ﬁ‘?@%?ad?ﬁ se of
cont i NURéSioABhAI9ds BRBK BLindeiasy tht edssifitatioamfoRaitic, tirrindicatie ie phoddedtit  of
the invention, the surrounding notion analysis block is renoved and active
not i on peamsens (feyeramaly aspids IBformplon i magEpRlgch sHea PICIROT §$JU§NCSpde

macr obl peksy According to a further alternative embodi ment Instead of using
t he surroun%ii ng notion analysis block to indicate the classification

i nf or mat i on, I {i& ahotlecaitaraaivie enbodinae,dhd yurrambdare mettorsanalysss bdodknmphebas
side information. in macrohl ock, slice, picture or sequence levels). In yet
anot her teamogaydisphled o smeshith s WEAYSoundi ng ot i on anal ysi s bl ock may

be tenporar i ﬁﬂ@%ﬂkﬁﬂﬁ@f g@ﬁaﬁ%@&m, ttt)m: BEGOLIBR AR de kdblARQEDRRe@ t ernati ve

i npl ement at i on, macr ob e table is rehashed depending on the
out put dépentimgsurthe ontpirngf the surcoundingl wstican dlabysks tleckgiovaveighes prioritytoi ty t o

likel y yodes.. | t nbodi nent , | ock ble i
conp! et By iFTg s dud b5 ARG ToT  HE BB SRt i SBAENG ot | on
anal ysi sedehQated dERéndt@EPIER outpd of @ERMIrBEhEMEmMSKbP andlysiShBE, Fordxatphe

appreci ated that active notion paranmeters generation block 803 can be
i mpl enmehyeemoving theiskips ways. In particul ar enbodi nents of the invention it

I's adapted t %t should also be appreciated that active motion parameters generation 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
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 parameter
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
Macroblock modes in addition to or instead of the SKIP mode. It is also not limited by the

macroblock structure but can be used in any segmentation based video coding system.
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generate the notion paraneters, for exanple, based on the continuance,

vel ocity or deviation of the surrounding notion. Additional side

i nf ormat iwo 0samedl so be sent to guide the generation of mMPCTAROP@OMTEL €I S.
In an alternative enbodi nent the active notion paranmeter generation bl ock
is adapted to output nmultiple notion vectors to be used in different parts
of thegqmagnokliock. The invention can also be used to generate notion
conpensat ed prediction for other Macroblock nodes in addition to or

i nst eadygh 8; .node. It is also not limted by the nacroblock
structur et%%t élgﬁ&%é used in any segnentation based video coding system 36
WO 03/ 079681 PCT/ 1 B03/ 00944 944-1-105-1 What is claimed is: 1. A nethod of
noti on conpensat ed edj.ction for, use . n encoding of a digital ,video
Sequench, - Safvdbeief PamoYPHERmRBHENBEBRBATST AT SSodmES AT ES sai
met hod s L00RE Sid@igtilevial £RIuSce B8PHENE RGubRPET REmEDIAd nketRodsegment of a
first frame of the sequence to be encoded using notion conpensated

predi ct ¢camprimingthe sepeof: to a second frane of the sequence, said coding

node being one. of a set of possible codin des i.ncl udin ski e,
wherein sai FS&RMP %caiir}g %ﬂgﬁ Oaas§6|gﬂjr?8§°dft30§r§gﬁﬁmg 85@&??% %? ﬁoebef elﬂr%g{ir&fr ane,

i ndi cat @gnembhieh cérperdshRl ptdictRAGHEMHesHRS tPdsdchd Gaink iof 8t selp@dnet, safd noti on,
in which case, formng a prediction for the segment bq){(i copying directly

from a ewlingwpdnbeing onegf vaetof petsidle eedirgimoesinpluding askip mofatWherdn segnent
has a nmptian chara ISt f 1 E (N3 e video
sequenc a,u!l %ﬁp \?\’hol%gh&%gr{séés,%} g(rl ﬁgl R gd %’ pregftl)‘lgt;:til ?gihsq?% %ne?ﬁltghcgg% r‘?&%‘% by notion
conpensat ed (ipthatihetse@iemitaat Bspatiicahvletdlof satondinfwisitk case] fogmingtd on

information representative of said | gbal or regigonal notion. 2. A nethod
accor di Pigdichor fotjthe segnment Pne?p%%%wcg’wrf@m REOLEWHNGRS 5%31%913@%699ﬁdana| ySi s
of motign.tn,a region of the first frame surrounding the segnment to be
encoded In order to deternine a characteristic of the notion in said
region. 3. Aliijehdtohk spomnthasg motial ciamcBristib ef giohalsairegioed)inmrtionfin thee fir st

frame surrounding the . segnent to be encoded conpris revi ousl y epcoded
segnent wdgp SEENTS Frls‘f"hllcf‘ziﬁ%’f ?O{{I.nllﬁg ?rﬁlfeﬁ’_& O’é?‘&r&_ﬁﬁ ?%“et“ggx F%ﬂ%r‘?flf?nm nif
it isd chﬁbﬁ'%ﬂi'thtr@ﬁ}gc{ REEBIHAD fibfhe $8In8 mdtRA iﬁfbrﬁﬁti(?rb&pféséﬁ&thfer@@id

surroundi ng the segnent to be encoded has an insignificant |evel, the
global or regional motion.

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

determine a characteristic of the motion in said region.

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

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

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.

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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skip node is assigned as the coding node of the segnment and notion
information indicative of zero notion is associated with the segnent. 5. A
nmet hod acworodiorsgst o claim 2, wherein if it is determ ned POEABOIN®IMOLIi on in
said region of the first frame surrounding the segnent to be encoded is
characteristic of global or 37 WO 03/079681 PCT/1B03/00944 944-1-105-1
regi onad44npti0®»n, the skip node is assigned as the codi ng node of the
segnent and notion information indicative of the global or regional notion
in the ﬁgloﬁﬁﬁﬂgﬁcﬁﬂ RS \M%pﬂlolié 1saa%§ é@ésecﬁe c¥dihf nddas of BB Phentanf mdidiet hod
according to claim?2 erein said ana S conprises exam ning said region
of the ihfarsiatibn adicasive pHthadlotnl glalreglogeémemn indhp sureqrudiigoegion ¢y aheecipted

i denti f‘& @} | east  one of the follow ng types of notion: continuous notion,
mot i on WY M 8™ mmon vel ocity, and motion having a certain deviation. 10
7. A method according to claim?2, wherein if a segnent of the first frane
in the region of the first frame surrounding the segnent to be encoded has
no foti®n, tAensthodbageorting to clains? yhewimspid pralysiueaigprisss examiningsakbgnent and

e e T

decodi ngheadf tRdfoRld ed @ff thation: Coeteons glstina smotian bavih g tahmuh delocigquence
conprising a number frarres said nmethod conprising the steps of.

recei vm’zg“aﬁtwm]@ﬂvélﬁ@@?ﬁa@? deyigtisa; ng node assigned to a segnent of a first
frame of the sequence decoded using notion conpensated prediction with
respect to a second franme of the 20 sequence, said coding node bei ng one
of la sel. of passhdd eccontingy chmides, wirceindf mgpmwkbﬁthed‘miéganmw thietegiami ni ng,

when sai d skip node is |nd|cated as the co node as ned to said
segnent oighe ler“E framesurropadiag the spempri iR de eg%\?‘iﬂ’gg’ﬁ? PO H5 SltﬂaF]&lB %dstl%‘\at t he

segment as@%g\edags b %tn'fl&férbtf theEde8 e anddRoiBY in@ftmatiBn YHi &lfive 88 Lero MOL i ON

conpensat pre ictio or the segnent is performed by copying directly
from a wmotioespssabiated webitlonseginethe second franme, or (||) whet her said skip
node indicates that the segnent has notion characteristic of global or
regional notion in the video sequence, in which case notion conpensated

predi ctgon f@armithed SEMBBOE chsip@Rake pravebtithtibr iseSRa6dodiny éthe hesdddiifitame
using rr\?ltdleg Qequence said digital video sequence comprising a number of frames, said method
comprising the steps of:
receiving an indication of a coding mode assigned to a segment of a first frame of the
sequence decoded using motion compensated prediction with respeét to a second frame of the
20 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
(ii) 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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30 informati on representative of said global or regional notion. 38 WO
03/079681 PCT/1B03/00944 944-1-105-1 9. A method according to claim S8,
wherei n tWwe odet®sni ni ng step conprises: perform ng an an&CygaBe3/@h44not i on
in a previously decoded region of the first franme surrounding the segnent
to be decoded in order to determ ne a characteristic of the notion in said
regi on.944-1.005A net hod according to claim9, wherein said anal ysis

conpri ses exam ning the previously decoded region of the first frane
surroungli ng 3ah&hSEATBRIng & AANHSGAKkIREnIRE @itéledinink Qtep@Bhipiikys: at | east one
of the follow ng types of notion: continuous notion, notion having a
comon vel ocparformangiamartalysis dfanotinn ia aqueiansly despdad ragion ofitbe &rsh fiamesaj d at

| east one type of 10 nmotjiqn js identified.in sai i LQn: it is
det or m AE e i e RmRRb oo B s P g e BB S BT
not i on ghareasderi stic of global or regional notion in the video sequence.
11. A nethod according to claim9, wherein if a segnent of the first frane
in ®#he 15 previously decoded region of the first frame surrounding the
segnent.to b 01004 | 4t d r.m t 1 ki p node
Sl oat b thgtﬁ‘%}ﬁg‘ggq%&@ﬁ%&t%a‘ggé’d‘g%%eé aiganfifhs C?%@?S‘*ﬁi AitifiEpRe P o

ot i on. pdioudly\declaizd @egionl ef tharfirsutpek swwroandingaaid sdggedtad beiddeded énorac e

usi ng notion, 20 conpensated prediction, sajd digital video seguence

conpr i storigentifyahdsast oge of thgrplowing; types of aniion: PPy RGO EonMgyIng a

assi gni pgy 3o Wlopdy %ﬁ?n&&n%a%&gra%h Of dedidiohSWhdrtRTEs £ of 6t 884HPRGE L0 be
encoded UsI ng notidn conpensat e pregl ction wth respect to a second frane
of 10he nwequéndentifidden eaid ssaduhdingiiegipnytdeditsrnuned it the skip roddegodisitos e

nodes ipclyding a skjp.,mode;. 25 and neans. f.or .f ing a predicti.on for the
segnent Hlawx‘@rs et 4o hgéﬁqﬂge%aee@ﬁmﬁlaf disyRh gfoi; g?s%fiqﬁglg gﬁlr%%’tond’fl rﬁ?% e

first fragpsipdh&ates either (i) that the segment has an insignificant

| evel of notion, in which case, said form ng neans forns a prediction for

the segnment by copying directly froma corresponding region of 30 the
second fl{arre

A r%thgg according to claim 9, wherein if a segment of the first frame in the
15 previously decoded region of the first frame surrounding the segment to be encoded 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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WO 03/ 079681 PCT/I1B03/00944 944-1-105-1 (ii) that the segnment has notion
characteristic of global or regional notion in the video sequence, in

whi ch caswp osar@sf orm ng neans forns a prediction for thePSEJREN0944 t h
respect to the second frane using notion information representative of said
gl obal or regional notion. 5 13. An encoder according to claim12, further
conpri sPp4y1meads for anal yzing notion in a region of the first frane
surroundi ng the segnent to be encoded in order to determne a

charact eri st (i) tRit thd gt B4 théticiadhdrdcegisas of 6bdldr régioed endien iaaeor ding to
claim 13, wherein sai analyzing means is arranged to analyze notion in

pr evi ou¥ldgo senuetiesd iswhicheass, s7id forming means foanea Prodictian fanibe egmed #6tdi ng to
claim13, wherein if i i . . de i t : tion in
said r e@qsg??t angheasr? C?%iﬁélﬁF ? %@g#@tlﬂg\}%@%%@ Itgﬁfcegé e?tﬁ/ies&g%lrd %ég%ég}t)o assign
t he ski pgickal Meden.as the coding node of the segnent and to associate notion
information indicative of zero notion with the segnent to be encoded. 16.
An éncoder according to claim13, wherein said anal yzi ng nmeans determi nes

that th nmotl.on i L dqregl on; t i f i agnment
to be eﬁ%’ode%!“l eglcé%rgﬁéfgg%ggé ?lgltn?gz’o ?‘3%1]0 ngiprfos;&rﬂ%a%g rf%?ﬂfr%foytzi nr%l%r@%
encoder airsgian 6#thg didlst tiansssingnndihg tiekiepmentde besncdded ic odienty davetming a t he
segnent and to associate nption information indicative of the global or

r egi onaFh#FdHFEHIciol the1BoURR oK HERI§r egi on with the segment to be encoded.
17. An encoder according to claim 13, wherein said anal yzi ng neans
conprises means 25 for identifying at |east one of the follow ng types of
notlidon: 1éont iAmemasderatéwdingrotiaon 13 hekéraig saidamatysimguatansiis rangeditaot i on

having a certain deviation. 18. An encod agcording to claim13, wherein
if sai daﬁaﬁﬁ%w%‘z}“ﬁéﬁﬁ‘é‘ok‘fzi’g?‘mdﬁ §egtnheé’?s ‘gfrthiﬁ ?r@ﬁ{“eof the first frame in
the region of the first frame surroundi ng the segnent to be 30 encoded has

no notion, the encoder is arranged to asngn_the ski p node_as the coding
node 405M0 03/ @70 rcrrtingio glegnd A whegip if said snalyzng meanssdgiererresdhd t o

associ at,e notion Information i giﬁﬂt' f ' | q&ﬂgnt to
be enco ecfmti(&. e |r§%1§%g“§§%%ieng rr aaiﬁggéat %légég%%gﬁaa%&gﬁ%%%eaéag? gfet al” vi deo
Seqyenc enddsial thd@idingmode of the segment and to associate motion information indicative of

zero motion with the segment to be encoded.

16.  An encoder according to claim 13, wherein 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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5 conpensated prediction, said digital video sequence conprising a nunber
of franmes, said decoder conprising: nmeans for receiving an indication of a
codi ng nowe taszieghed to a segnent of a first frane of th@Cy¥agwaes encoded
usi ng notion conpensated prediction with respect to a second franme of the
sequence, said coding node being one of a set of possible coding nodes 10

i ncl udi A¢44-¥Rirb node; and neans for forming a prediction for the segnent,
wherein when said skip node is indicated as the codi ng node assigned to
sai d segfiteisegheitaad ftd asbcibtean®tiont ihorohationlgrdidasive af zaaogediohavittether m ne (i)
whet her said skip node indicates that the segnent has an insignificant

| evel  $estegnt fibs epcodedy whi ch case said forming means forming the
prediction for the segnment by copying directly froma correspondi ng regi on
of the second frame, or (ii) whether said skip node indicates that the
segnent 1Bas rovidemdewidar acinged &t decodd amemmbdéd digitalegd@ansiquenseiusmginmtidne

vi deo sequence, .in which case.sai.d form ng neans form.n e prediction
{or 51 ho CoBBEAC e Bt T i QR RU e M et i THIF PECBBRD 5P t he
second {EQRR: dsihpkiA@tion information representative of said global or

regi onal notion.” 20.” A decoder according to claim19, further conprising
means for analeans fog reasiviogian mdzcatipn e¥i codihg mode osraghed dgpegmaéntiofie firstr st

frame surroundi ng the se t to be.decoded in, order. 25.to determ ne a
char act PP RabReTB oA e karie g9 Sred o f i Sr P A R

cl ai m 2@anithgmied equénceaill asthy Aolg beBABRe B4 84t pesitld addihftodedt i on i n
said region has an insignificant |evel, the encoder is arranged to

assldci atuclyding aakipingdds; A i on i ndicative of zero notion with the segnent to

accor di ng. t o Y T 3 igR XA oL R St A e i e BT e

not i on lmlicAédlasthgcoding sodbassigiednts siid segherglobtirl first frameg ithaddcodatis on, t he
decoder is arranged to associate notion information indicative of the
gl obal @Fangsdite98ICTHEE on in the surrounding region with the segment to be
decoded. S 23. A ¢8GAfler 358 Ul iaichiet aPfhe UHREAIAS SR LiANRIHF I8
means conpri ses ns for

15 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
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 encoder is arranged to associate motion
information indicative of zero motion with the segment to be decoded.

30

41



identifying at | east one of the follow ng types of notion: continuous
notion, notion having a conmon velocity, notion having a certain

devi ati orwODB/02%81 A decoder according to claim 20, wherei RCTIB&#I0644

anal yzi ng neans determines that a previously decoded segnent of the first
frame in said region has no notion, the decoder is arranged to associate
noti on Pom4-aroati on indicative of zero notion with the segnment to be
decoded. 15 25. A multinedia term nal, conprising neans for obtaining a

di gi tal pyi deq §RBH&NMordRpdo 31O WRBRAIE said thaARSRE nidns BeeAeinkd@atihgi t al
vi deo sequence using notion conpensated prediction, said digital video
sequencaationpn said megien iswhbractenstic ofglebal onrrgiaiahmotipe the dewyderis agrenged to

conprises: 20 neans. f.or assigping a.godi npde. t £t st
Frane ofsprarsan R sl i dde BaR G DL BoRER LR stodahld T,
Wi th reseet with tide SgaRAtkofleal®Boddd. t he sequence, wherein said coding node
is one of a set of possible nodes including a skip node; and neans for

fording a prediction for the segnent, wherein said skip node, when 25

o ne L SEb SRR By Sl DA S

encoder identidyifignigdesst ste bf the dbllseing tfpes bt ngtivr:anatifivousenatiqn; edtiohhavingar t he
segnent by copying directly froma correspondi ng region of the second
frame, 6PMEON)velqeay, MAHOR ByHRHR PN ABYIREML char act eri stic of gl obal or
regional notion in the 30 video sequence, in which case, the video encoder
is arranged such that said form ng neans 42 WO 03/079681 PCT/ |1 B03/ 00944
94401- 108- 1 fAodereder greding to@brifn@0, whereseifisaidtanalyzingmesape detetmpinehthatacond

frame usin tion, jnformation_.representative of said global .or .regiona
ot 1 on. PR U LARERPLr i Tt Qo SrHATEISS RSP P AR A PeG an
encoded gl gidiab aViodRf: SEAMENESimARE iRlivitHe O f daeesiondritRAtadshentdeeede the
encoded digital video sequence using notion conpensated prediction, said

di gi t al de¢afied. sequence conprising a nunber of franes, said decoder
conprising: neans for receiving an indication of a coding node assigned to
a segnent of a first

15 25. A multimedia terminal, 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
(ii) 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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10 frame of the sequence encoded using notion conpensated prediction with
respect to a second frane of the sequence, said coding node being one of a
set of poweiBlowesndi ng nodes including a skip node; and meanBoFwp44f or m ng
a prediction for the segnent, wherein when said skip node is indicated as
t he codi ng node assigned to said segnment of the first franme, the decoder is
15 arr agglett1o®-1determ ne (i) whether said skip node indicates that the
segnent has an insignificant level of nmotion, in which case said form ng

means f Qrak BYrddi@ioRr8Fine sb@RertaFitt fRepRe@TRR secdid ooy idifg iotieat |y from a
correspondi ng region of the second frane, or (ii) whether said skip node
i ndi catisfortation rdpeessnigtivnof b globel waegonad ieatigst eri stic of gl obal or

regional notion in the video sequence, in which case said form ng neans
formng the prediction for the segnent by notion conpensated prediction

W th respect AtputibRdmasendal doaipRisiiet ng notion information representative
of said global or regional notion, 25 27. A video caodec conprising: a video

enchbder ar r amges fopacuaaBansengPeqd dipite)ivadss seavrnefc®dusi ng ot i on
conpensated predi Gt | ' | gl ' SRSt RgndnddraRer of
frames, saidQV§%%gggggg%%%#ggﬁ%g%%gégﬁgggg#%gggﬁgﬁﬁﬁb gggog%ngn§DQe to a
segnent cothpehsited ptedidtionpsaid dighsl viégpuenoact colnprisiB@ ammmbeedf framey sgidt i on
conpensated prediction with respect to a second frame of the 43 WO

03/ 0796%CoperIONBESINEN944 944- 1- 105- 1 sequence, wherein said coding node is

one of a set mgansqfaﬁﬁécgiggl Bidichicd S Oide ﬁ%h@asirs%éga t0 286bni®absa gk

formng a prediction e segnent, wherein said skip node, when
ass0gneftame of diethequemie phcaded tkiag naton chmpresatddrpdedistiaswish réspect %o gisgconiat

t he segpent s an insignjficant |evel of tion, in.which cas t he video

encoderﬁP’?eQE a'ﬁrfﬁ%‘&@é??r 14??&%“%%?%1‘3 ?%?W%%%%?ﬁgf??fFW!@%Odgl?geﬁPg Son for the

fsegment ingm(dh%)@%ﬁgmqg{ﬁﬁt ly froma correspondi ng regi on of the second
rame, or (11

that the segnent has notion characteristic of global or
regi onal not eans for ferming p geadiction fentbe segmenitividiciaadien spideskin @eee Bncoder i s

oo R LR S RISl
15 arranged to determine
(i) 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. A video 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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I nformation representative of said global or regional notion; and a video
decoder arranged to decode an encoded digital video sequence using notion
conpensatwo opoedBrti on, said digital video sequence conpriPSTAgozopunber of
frames, said decoder conprising: 15 neans for receiving an indication of a
codi ng node assigned to a segnent of a first franme of the sequence encoded
usi ng n4-bii0gdnpensated prediction with respect to a second frame of the
sequence, said codi ng node being one of a set of possible coding nodes

i ncl udi seguéncs kivhere@oid cdthgaadisisioae of oEdtiofigossitile amides inoludimgya dkiyempdgment ,
wherein when said skip node is 7?0 indicated as the coding node assigned to
sai d se@ﬁbnt of the first frame, the decoder is arranged to determne (i)

whet her sai ' -1 ndi . N nsi gkt i cant
level - of morrah Tof PR HEALAS, Kithe (pmaRe QR U3 BB O MLl LGr ot on
for theassiggadtot saidyegarpyofithe dirst éatdeyintlicates @ithar r espondi ng regi on of the

hassmoti on - EHrebe et Bacin GpisaIcae cTa gl BRAPP GO Frer e iFReo
seauencigshd iklanss od dy oot o g 8 bl (o7 L1
usi ng nudpyorg directy ifimin por@postentegidna thofecend Gagleodral or regi onal notion.
30 44 (i) that the segment has motion characteristic of global or regional motion in the
video sequence, in which case, the video encoder is arranged such that said forming means
0 forms a prediction for the segment with respect to the second frame using motion
information representative of said global or regional motion; and
a video decoder arranged to decode an encoded digital video sequence using motion
compensated prediction, said digital video sequence comprising a number of frames, said
decoder comprising:
L5 means for receiving an indication of a coding mode assigned to a segment of a first
frame of the sequence encoded using motion compensated prediction with respect to a second
frame of the sequence, said coding mode being one of a set of possible coding modes
including 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 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
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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