; e3eFL6TFP~ 2 O-T 2p04 VI DEO CODI NG This invention relates to video coding.
5 A video sequence consists of a series of still pictures o Zrﬂﬁﬂégﬂﬂv deo
conpressi on net hods are based on reduci ng the redundant and perceptual |y
irrel evant parts of video sequences. The redundancy in video sequences can
be categorised into spectral, spatial and tenporal redundancy. Spectral 10
redundancy refers to the simlarity between the different col our conponents
of the same picture. Spatial redundancy results fromthe simlarity between
nei ghbouring pixels in a picture. Tenporal redundancy exists because

obj ects appearing in a previous inmage are also likely to appear in the
current inmage. Conpression can be achieved by taking advantage of this
tenporal 15 ng sy g@d predicting the current picture from another
picture, termed an anchor or reference picture. Further conpression is

achi eved by generating notion conpensation data that describes the notion
bet ween the rrent picture and the previous picture. 20 However,

sufficient c%?%r@ﬁnéﬁ(ﬁ%ﬁ tQ,¥idgagPdg-achi eved by only reducing the

i nherent gedundancy of the sequence. Thus, video encoders also try to
reduce the quality of those parts of the video sequence which are

subj ecti vel y Aedded ngequemte. consistididfi ansertdze of ediingiztirgs obr flzenes cyided

bit-streamis reduced b ans of efficient |oss|ess coding of conpression
par anet ers arftPDRICSSOk %ﬁ%ﬁ%@fﬁhés%m ecbpiighe redupgasand percaptually |

| ength codes. in¥leRift £aANRIIA0H sBBLEACSS U1 Falintatiel it VHdd dqudicbucan

pictures that utilise tenpora ndancy re I'on and
npressed pilee wadsgotised dotmaipectrial,i spatiainpadatempdiah dedundandyc Speotral

; met hods: | | |1ed 30,1 NLRA or |]-f ..l -pict . T | |
TR0 DS B 1 s Tlarty b bieei s Jtbisph Sols soemmBal b
bef or e e CUfteeBhmdl Bldi®, 21Bhalt 168LhaSbNFERR 1B A Similbfy! il dIFER

frame case, the Eredi_ct ed notion conpensated picture 1s
rarely preci seeighbogiingpikels iy efpicturen Bpapowl Fydwalancy sxisls peediis: bbjecks r or
frame is assogjate 1t h ch INTER frame, | .NT I ctures y_contain

| NTRA codaq ofRaedthd i A 18 Rus s, &lEsn MENGDaSisd TR TR iRt Mnbos.

bi - di r ect i onaCoynpressibat eenf neyTeschieWd CBy atakis® "HBMMageT oF I 8ds t &nfSoral

B-pictures_or B-frames. B-pictures are inSerted between anchor picture
pairs of 18 aFfusidapcy agsaaresigiingrtbe mustand ticiure bameanatber pisturer tasoed T

t hese anchor pi = Ct n I k e .o as
compar od wi t nEpeteSreiPiice; HeRie" E it a¥Blel g I IRET B GaREhS
anchor pi ct ur estion. eompensationi ddtar #mt adesonbes phediretiod beivedmem current
Therefore t hey, Can be discarded jntentionally O unintentionally) wthout
i npact i ng thepilﬁt[érﬁﬁ‘rﬁm?apfecvw%fp'?ﬁtrﬁre pi ctures. Wilst B-pictures nay

i nprove conpression performance as conpared with Ppictures, their
generation requires greater conputational conplexity and 15 nenory usage,
'a{\d t hey 2t r btviswerasldiicieohabigetssion cEnnst osyallyobe hehimved by only reducing

the inherent redundancy of the sequence. Thus, video encoders also ity to
reduce the quality of those parts of the video sequence which are subjectively
less imporiant. In addition, the redundancy of the encoded bit-stream is
reduced by means of efficient lossless coding of compression parameters and

25 coefficients. The main technique is to use variable length codes.

Video compression methods typically differentiate between pictures that utilise
temporal redundancy reduction and those that do not. Compressed pictures

* that do not utilise temporal redundancy reduction methods are usually called

30 INTRA or |-frames or l-pictures. Temporally predicted images are usually
forwardly predicted from a picture occurring before the current picture and are
called INTER or P-frames. In the INTER frame case, the predicted motion-




probl em for non-real tine applications such as video streagi ng but may
cause problens in real-tine applications such as vi deo-co%n&' %B&i 2084 A
conpressed video clip typically consists of a sequence of pictures, which
20 can be roughly categorised into tenporally independent | NTRA pictures
and tenporally differentially coded I NTER pictures. Since the conpression
efficiency in INTRA pictures is normally | ower than in I NTER pictures,

| NTRA pictures are used sparingly, especially in low bit-rate applications.
25 A video sequence nmay consist of a nunbe® of scenes or shots. The picture

contents may b i ffer from. one scepe t not her, and ..

t heref ore the&ﬁpg’gﬁ%?@? bfcéﬁl‘l& 'q_‘g %@%’Mepr@’i%ﬁ%ﬁﬂyﬂ‘ﬁn&ﬁf@ Bd2 FPabiallvar e
frequent sceneorapanged predicidy ispioirand o headBABH Mth YR SRTERT $AgnEUL S
are rel ati vel%hrare_l n video conferencing. In addition, INIRA pictures are
30 typical |y INEeRticiutes BeyrantaipdNERpcogediardasn of transnission errors
in a reconstructed video signal and to provide random access points to a
video bit stream 2 2 OCT 2p04 3 Conpressed video is easily corrupted by
transm ssison Blahgr viddtRi EdMpFisidOsdRAReNSalsh! ekl YemPefallo Bildirkaabairn of
tenporal predict ?ve differ elr::tj al coding (INTER fram&*s)?1 anrygrrorl eibgéﬁélﬂ)"
propagat ed boPfedigiatifeames.awbicheansorammpnly refersed do isseB4pinturaseanB-frames.

Colat fvel y | oRdEithgs a2 iisBrERXenlebh Aty bRule hal i SndhE imesand
bit-rates whear phedictedl froankither bRy dN\BEYY 6PHhd BAMRS pié&ré@.”m-rﬁéggr‘éesr or

propagation is not stopped for sonme tinme. Secondly, the use of va
Length codes NAdNaks¥ield HacKasedpermpressjon @secpmparedwedth fomwarderedicted

‘aljiters t co , gLbes r.w | e c .d._synchroni sati.on and
‘aszo decode 1 %\é@rgg'egu %Pﬂg?g%grs-?&e%é%%ggmcﬁg?ﬁ%mé‘%ﬂg&ggiﬁgweﬁ 8
incorrectly unbt pprédieteriefibins Yieihl MisvelordthéP cadt BE tdissrded (vientionally or
synchroni sati on, Q'Qde”ll?i a bit pattern which cannot l‘be enerated from any

| egal conbi natiPiReRonaliNb WissHe iBPagtinghinespishire siisdtyaplcfuidgoriciuyes N/ st
stream at i nt eLy; o} S I;sAt | ddi.t i ogcur
when data 15 Foures MENTENGrVeTKORIRERNIOR pofomidhd ds, olhpafed Shitn oS
appl i cations ptugs Hbeimgeheedilon WBRUressnypater powbaRtionah ddthplekingrisd

net wor .k e{émsnts rr(a% di scard pt%[et s.ﬁ@_f t he .qﬁncg%ﬂecf%%/i deq_hit-stream There
are many WRys TIPOBHESAIRePE, ey infieduce aqitions idplayon THisrpavdet ba 20

t he transm ssi i8at for nom- i [ j sl LSS '
errors are fi Ir]':)isac'?bdet e.ctlg(lfj‘l %ﬁgﬁ{rﬁe%p@gﬂlgﬁfggé%r%ggjr??e%r%gnﬁg ?ﬂﬁ’ﬁ@%ﬁ@%r.
Error correct Pseblpatsdngeabtimeeapnlications stich as video-canfetemcing.oneous data
perfectly as if no errors had been introduced in the first place. Error-
conceal nent refers to the process of concealing the effects of transm ssion
errors so thatA tbmpressadfidear dliy tydicdlly sorisists N 4 86g06HEI &F PRLIMILEE Which
sequence. Typically some ampunt of reddndancy is added by the source or

. I . y
transpor t2@odicAH e revaily qalesmiseckinie temporallyi ibdependerddiNTHA pietures and

7cbncealnent. $ atechnl gu n oughly cliassified into
three categor i%@.gb{ag)i&nm%é@rﬁéi&cgﬁ@ée@ﬂ m¢ﬁ g?cgld{esmﬁgégl rﬁ%t CBVIPFQSS'OH
post - processi medficiedcy it ENERAI pietuees @ noangiieloi@ntthard e INFER Sieturbée MermiA
error concealnent” refers to those techniques in which the transmtter side

adds redundan®CIHES A YSHERRHNEY ernasially e imuhiteateepriicaiensesi | i ence of
the encoded data. Error conceal ment by post-processing refers

25 A video sequence may consist of a number of scenes or shots. The picture
contents may be remarkably diffsrent from one scene to another, and
therefore the first picture of a scene is typically INTRA-coded. There are
frequent scene changes in television and film material, whereas scene cuts
are relatively rare in video conferencing. In addition, INTRA pictures are

30 typically inserted to stop temporal propagation of transmission errors in a

reconstructed video signal and to provide random access points to a video bit-
stream.




2 2 OOT 204 4 to operations at the decoder in response tocfgfr ﬁteristics
of the received signals. These nethods estinate the corre 93 e2ll4t ati on
of erroneously received data. In interactive error conceal nent, the
transmtter and receiver co-operate in order to mnimse the effect of
transm ssion errors. These 5 nethods heavily utilise feedback information
provi ded by the receiver. Error conceal nent by post-processing can al so be
referred to as passive error conceal nent whereas the other two categories
represent fornms of active error conceal neat. 10 There are nunerous known
conceal ment algorithns, a review of which is given by r. Wang and c~. -F.
Zhu in "Err ofCOBRSSEdaideedn @asilyneerrupiad by deanstyasioni erasomainly Hevitew: |

Pr oceedi ngs | BEE 1 VO .. 86, N 5 , " :

articre by proesiem, Fptug foppChel of Bmdiil e inerditaraqps,
Encoded Vi deqINTERbftatied), oo bhEE id gitopagated B&thSgpetilgdadd aamporally, In
Commruni cations. Current video coding standards define a syntax for a

'sel f-suf fi ci dAECteqItds maats bak ornscanesior pepulsait is eashayigivlaio theehumes of

Communt cati o 58 RN sdlime, dEppeqll SeepbiRdarcraneishldng' & B
Audi o- Vi sual 6ibjatet svhdtarthe®s avb D) 2 fehOBOTRARDMRdAaMBECsd tempagall diebrT

Reconmendati on H 262 (1. SO | EC 13818-2) (known as_MPEG 2). These standards
define a hi er@ioPagation ip;natssiopprd wrEYee rikBRondeeeRglyf 8ie iusage’ yakableces

and i nmages. 2 . s ier [ t | our
| ayers: pict ull?_"en bﬁpﬁ@@c&%ﬁﬁ%ﬁ%@@%ﬁ%@ég %ﬁcﬁ‘gbﬁ@b Eﬁldz’iygtrewoﬁ'ﬁgbﬁ]ﬁeur e
| ayer data coptdswompiatihaeieseosienfilddsen gotidwomhelrctpbrisation angaaisoddédse .
f@@codi ng of the picture data. Mdst of this data is arranged in so-cal |l ed
picture hehdefud Uﬁ%eﬁi%tfﬁeecg@n%rﬁiﬁ (Payersipgreayerddish ncorgchyingl the

bl ocks | ayer i ; fau.t, [ £ } (3] L

groups of bl ogﬁépsﬁdg?@uéé%ﬁ 6?'5%(&??@(%) %333/';‘., ?gﬁ@ééc{g)ﬁlp??%égéé’?gﬁg&%@%@& ve
pi xel lines. Dhich tannsiabd ger@raicdCrof0ady fe@iR:mobisatios aff other coticomats GOB

header foll owed,kb ata for nmacrobl pcks, If.. the opti,onal sljce structured
mode is used, a84c U%f dagies pEe d’i“ﬁ)@&ggoi WFOL& plrem; E}tt‘ﬁ{@}(‘]"%ﬁ _a‘:;ig SPrce
contains a nug?ﬁéhr@ﬁi%ﬂéﬁ.essﬂl’éeaﬁaﬁibﬁmQﬁ&% 'dbc&?a?/h@hdetfata[)ﬁ’é alofsglrdﬁlaﬁ@

slice consists”of a slice_header fol|lowed by data for 5 the macrobl ocks.
Each GOB 9% sltiapemissien.viKidexamplarabrddeoapplicationscusbyoitie walelinble L6 x

i 6 pixels (o |_ung pan atl : onRding 8
« 8 pixel s (orebrBefPteREehin eI RELRIR LRRNBT bl e ERLESRE B e
pi xel s of 10 lameboederled bitbtreaimance. Bl ock | ayer data consist of .
uniformy quantised discrete cosine transform coefficients, which are
scanned in zigzag order, processed with a run-length encoder and coded with
vari abl e | engt ) i i 4 he
one i 11 263 el B8 mifihreTOF i echr W achenr Rl Bo b LRERERR
previ ous pof etbadensmission path. In general, on receipt of a signal, transmission errors

are first detected and then corrected or concealed by the receiver. Error
correction refers {o the process of recovering the erroneous data perfectly as
if no errors had been introduced in the first place. Error concealment refers to
the process of concealing the effecis of transmission errors so that they are
25 hardly visible in the reconstructed video sequence. Typically some amount of
redundancy is added by the soutce or transport coding in order to help ermror
detection, correction and concealment. Error concealment techniques can be
roughly classified into three categories: forward error concealment, error
concealment by post-processing and interactive error concealment. The term
30 ‘“forward error concealment" refers to those techniques in which the
transmitter side adds redundancy to the transmitted data to enhance the error

resilience of the encoded data. Error concealment by post-processing refers



picture (i or P) (also known as an anchor picture) as a reference_for

noti on conpensation. This piece of information is not transn@t2 86T 200
the bit-stream 20 does not include information identifying the reference

pi cture. Consequently, ) decoders have no neans to detect if a reference
picture is lost. Al though many transport coders place video data into
packets and associ ate a sequence nunber with the packets, these seqgquence
nunbers are not related to the video bit-stream For exanple, a section of
video bit-stream may 25 contain P-picture ‘Fi , B-picture B2, P-picture P3,
and P-picture P4, captured (and to be displayed) in this order. However,
this section ifodPerapiens @fpihesdeender inteananse, taramsterintiesi of theerdesivemi ng

order: P1, P3,: P4, si equi t .ore .t can b
encoded or de%'ggéig . igé%érnln?ﬁ%tﬁg) Hété]#'ﬁ‘ﬁ% ﬁ’% gﬂﬁéﬁﬁ%%e@g{‘&éé’é k%rt"?n?ﬁy
each packet cagohictisdata3in deguestte srabebnasdinidial thed erapRalitsr 80 ELBRCR2
is lost, the receiver can detect this packet |l oss fromthe packet sequence

nunbers. HoweS@Pperaie in ordgrriponinimise: dee velifectasl dmnamigsionoederscThese| t

has | ost nogJ i: ce:nl.cture 1 ro.if it.has-lost a
B pi ctared | e FRERR LIRS, FE R ARt icdfase! bty resthAE BeBhcer
therefore usuebdhgezineds by pbsiifvdceesings tah calbbehd rrafsted tieradphskheeseprt he
pi cture on the display. However the transmitter may not be about to respond

to this requeSeNcgnenhuhgrras the athesiwe sategotias fepdeseritfpaaiof gctive error
appl i cation) E cééﬁ%ﬁm tter cannot respond to an | NTRA request froma
decoder. Therefore the ‘decoder freezes the picture until the next INTRAi O
franme is received. In a real-tine application such as vi deo-conferencing,

@Be transrrittﬁ,b may not be able to respond. For instance, in a nulti-party
conferenct) t HESEH @SR SMMBLPUSoKNBWN Jprecasdmest @lerrithes, riirevigwart vdiolsiss’
Agai n the dec SR id C 17, . r | t#Ry t he
transmtter. %g’%/ﬁc%?m ng Q%Q'i Fg?ﬂgglge%tmg?: &tnr%%ﬂée%oérﬁ rtn%}é? E:H'i\g%o
provi ded a nmeCemimaficatioodAnRexion™d Rrosegdialsr epthes EEEENYoh BegMenNd® Nk

ictures, the hod [o\VA oth non-te ral prediction_and tenpor Iy
D A Bh RS P e 2 R P efhceh B il oo EETEE,
reference pi ctBr8r fQhnédtBmeRt t RMEHRIdRr Qﬁaéé,'"°§ul9rhit?étP_ttBe'iEﬁECU6bﬁnalalon

associating wi.th each such picture an indicator iIndicating the tenpor,

order of the Gsfesteddreas it Gommunichticencoded video signal relative to the
-other reference pictures in the encoded video signal. 25 Thus each

reference picture (e.g. I-frames and P-franes) is associated with a

sequence nunbeurrditefigssbbiingh&ahadidatienngd 2 s\iRaLHENE abieadticiehiWido bit-
reference picture is encoded. Mst advantageously the indicator is

i ncrenent ed bPlERE-eadhet MARStaPPRYlEr eslaBdaids @tefhies tisne oole dvritngu are ngU-T

indicator is i : r e.RLevi flere ' - ol

mul ti-layer codi r@%@hgg%@é( lg'r e ér%ﬁ%gt%‘i‘%ﬁsﬁgn%ﬁg{\’gr&? s&?‘%cc?de'ﬁé‘mnzcéﬁt% bne

fromthe poevikeBuagf t9SHICKS@IECUT£436:2] K enarie Godiag asfnRodio-vigas! Objddts OCT

2pp4 z Incl udilgpe(ﬂ,t E_h{/s i ndi.cator neans that a decoder _.is capabl e of

dotor i ning Trisual’; 1680 tknown as MPEG-4); and ITU-T Recommendation H.262
(ISO/IEC 13818-2) (known as MPEG-2). These standards define a hierarchy

for bit-streams and correspondingly for image sequences and images.

r—t

25 In H.263, the syntax has a hierarchical structure with four layers: picture,
picture segment, macroblock, and block layer. The picture layer data contain
parameters affecting the whole picture area and the decoding of the picture

data. Most of this data is arranged in a so-called picture header,

36 The picture segment layer can either be a group of blocks layer or a slice
layer. By default, each picture is divided into groups of blocks. A group of

blocks (GOB) typically comprises 16 successive pixel lines. Data for each




whet her a reference picture has been | ost and to take appropriate action,
if available. This is the case even if the transport prot @ U&Jezl]ﬂ#ot
i ncl ude sequence i nformation about the packets being transmtted or the
transmtter 5 uses a varying encapsul ation strategy. For exanple, if the
transmtter encapsul ates a varying nunber of GOBs in one packet, receivers
cannot reliably know how many GOBs or entire pictures were |lost even if
t hey coul d detect packet | osses from packet sequence nunbers. 10 The
i nvention al so enabl es a decoder to differ®entiate B picture |osses from

iior B pi PR L RTEGON nEET el fu s R SRR RRRRGRE
addi tion a detredetiorayl stiestdtniseurdaandtisds uawel cabhaiciare R dividedy wid fslided 5
reference picture froma higher enhancenent |ayer is |ost. The reference

pi cture or der IngirAseef (39Bse A slice spatainefa numbaidiesyceassive aracblocks im

P i nol udeq | Rea-BIGET PERR for eadh BHe dorhdlfte ot £ RTE RaBli HiBwRbS ot g
i nvention,5t hthavindemldbgr! is encoded according to the H 263 standard and

1 the indicator is included in the Supplenmental Enhancenent |nformation.
Where the RPON is in respect of part of a picture the reference picture

header s of -t nESEhREQEREL HGE L Avbd Bt ksTaBRERE A MEG Bl patBs B bR
the invention{6hsixalsi(er arx)zim@@k? ofetrhirthnel e el Qﬁaﬁﬁlyﬁé&ﬁs@@nﬂir@e X8

si gnal representing a sequence of pictures, the nmethod conprising receiving
.an encoded vi 886!ss{Qieck)d chieminaswercanepenania. pitdeck lateg daibix Bepikels afach

pi/cture to.be a 30 reference picture for another picture
an indi ca?%r J%ﬁ@%gggtoﬁ‘%ﬁ?%ﬁ{ﬁﬁpor al order of a reference frane and, when
the indicator does not follow 2 OCT 200 a consecutively from an

i mredi ately prelcedi ng decoded reference frame, detecting a | ost reference
frame. Prefer &K taergdatvasonsishe uniemiysguanised: disessiet eesing dramgfors a

picture in S acRakdRaPRhiln SRIREIIEH &@gagnaidggg&{oé;gggéd Ot & iy gt

consecutively Troman 1 nmedl ately precedi eco erence fra

accor dance w tamcadéhiand esget withf varfeblé neegthi coddsh VP BCs-2pared IMREGa layer
encoded vi geo sil%na}{. -wher eig ftgr eac_hrﬁi %ture that forns a reference . :
pi cture 10°f orRRECHIBSHRREMNPIS B8NS Bl 6C3anot her picture, an indicator is
associ ated with each such reference picture indicating the tenporal order
of the reference pictures in the encoded video stream |n accordance with a
fourth aspect By defauli thaset standards gehsrallyovsaléte dewipdeailyl previnusodsference -

conprising an J. t for iving a video ., signal representin segyence
of pictures ariobbr (G8hE) Jeeylhud abce FpplPE BIctus) 4% A GtRIPNBR o mbtion
arranged to engirayereitionDid pieerdt infohe@itiehiie Mok RAnEAMEEH dle. PhedhittireAm
wherein the encoder is arrag%ed, for each picture Thai fornms a reference

.piact ure f@&0 t ogseRpbingluds kdpanation igerdifidngdhe priaranes pigues Lwisaquentivh -
-edch 20 refere I.Ct i nd] of_J.ndicat | ral, ord of .t he
e, 200 T ARRRE IR B RtheA0AoERER S bEIRGIRo8 Sl
pi ctures in t hmaapctrdagpoi deodsisgpiice Ridderddby iftbe paodéteabal kssociate a
increnented each tinme a reference picture i s 25 encoded.
sequence number with the packets, these sequence numbers are not related
to the video bit-stream. For example, a section of video bit-stream may
25 contain P-picture P1, B-picture B2, P-picture P3, and P-picture P4, captured
(and to be displayed) in this order. However, this section would be
compressed, transmitted, and decoded in the foliowing order: P1, P3, B2, P4
since B2 requires both P1 and P3 before it can be encoded or decoded.
Assuming that there is one picture per packet, that each packet contains a
30 sequence number and that the packet carrying B2 is lost, the receiver can

detect this packet loss from the packet sequence numbers. However, the




In accordance with a fifth aspect of the invention there is provided a
vi deo decoder conprising an input for receiving an encoded@@ (1530 2@@%'
representing a sequence of pictures, a decoder for decodi ng each ei ved
30 picture, the decoder being arranged to exam ne for each picture to be
decoded that forns a reference picture for another picture an indicator
representing the tenporal order of a reference franme and, when the

i ndi cat or 2 OOT 2004 9 does not follow consecutively froman i medi ately
precedi ng decoded reference frane, to detegt a | ost reference frame. The

I nvention al so rel at ﬁs to a portable radi g conmmunications device 5 )
i ncl udi ng an 'GFESEEr N&RNGr MeaRac I fetast dedlc Maselpst emplive nteroRensatiomow

be descri bieﬁ’ rﬁ?z@ﬁ@%ﬁfeﬂﬁé%"'@l BRI it H‘?ﬁ% !Poéteé ;’é-@oﬁgﬁeﬁ%w}ﬁcﬁ%@%ﬁg%u@

dr awi ngs, gure 1 shows a mnu nedi onmruni

system 10 Fi gominu® décodingnoexatipl e of the nul timedi a conponents of a
multimedia termnal; Figure 3 shows an exanple of a video codec; Figure 4
illustrates the operation of a first inplenentation of a video encoder

accordinggo [ ' t ' e ; QUL ' tes
t he operatgi onqtlc;l Cge%?g%on Ffrg;r eurrsg'fr?glg? ggﬁg\c%?my%éoé%{%ggéﬁe g@b%&ﬁf‘%{gﬁﬁ a
first enbodi nfraezes thenpidtureer thendisplegur Hotvevbp e frixesraltier drayohotbdiabout

stream as kno¥vn accorr@ﬂ'tqr;ggto H. 263; _Fi ?ure 7 shows a first exanple of a bit
st r eam out put *h¥ESRP F 'eEeetidi FEr Msianes invepenseal-thoe Midan streariings a

second exanpl i Lihat I%HQS r ' t

I nvention; Fi gﬁ?lﬁacagid?ﬁotv% ggﬁﬁ%nggérggéﬂg%e% a ﬁ‘? as'?ﬁg;{n%lr}% 8%%3%9%3?1 a
eqcoder accor depedern tTrersiove theodecddarufrecids ithe rttued amtib e nxtBNTRA

| dyers us iﬂ,vi deo_codi n (‘_(g)r SNR.25 sc&l ab,lifﬁ/; and Figure 11
iTlustrates effdItEEHCYeY e 52 ERLIME IRRICAUISBHUSH Q%V‘d§gaﬁqn£$r9§€@9a§“¢ty.
Fi gure 1 showsrgasiitid € dha i | i ] | syst LLLSt
30Tl L1 o A L o e PR ER ol TnERRE™ ) & muf- Lty
nmobi | e conference, the encoder may not be able to respond to individual requests.

Again the decoder freezes the picture until an INTRA frame is output by the
transmitter.

15
According to a first aspect of the invention there is provided a method of
encoding a video signal representing a sequence of pictures, the method
empioying both non-temporal prediction and temporal prediction, wherein the
method comprises, for each picture that forms a reference picture for the
20 temporal prediction of another picture, associating with each such picture an
indicator indicating the temporal order of the reference picture in the encoded

video signal relative to the other reference pictures in the encoded video
signal. ‘

25  Thus each reference picture (e.g. I-frames and P-frames) is associated with a
sequence number. Preferably the indicator is incremented each time a
reference picture is encoded. Most advantageously the indicator is
incremented by one each time a reference picture is encoded. Thus the
indicator is incremented by one from the previous reference picture.

30
If multi-layer coding is used, preferably this indicator is incremented by one

from the previous reference picture in the same enhancement layer.



termnal 2 via aradiolink 3 to a nobile communi cationsgr‘%’hw?g Cont r ol
data is sent between the two termnals 1,2 as well as th i a dat a.

2 2 OCT 2004 10 Figure 2 shows the typical multimedia conponents of.a
termnal 1. The terminal conprises a video codec 10, an audi o codec 20, a
data protocol manager 30, a control nmanager 40, a nultipl exer/demnultiplexer
50 and a nodem 60 (if the required). The video codec 10 receives signals
for coding 5 froma video capture device of the term nal (not shown) (e.gqg.
a canera) and receives signals for decoding froma renote termnal 2 for

i gnat s for coarE Ml MdCBebBRbRnera SRoll S B PRI aRG

receive signalliether desferiite piclifechd£BRER 1bSY Shd3 takd Abpfpats uetibRniby a
speaker (not shown) 10 of the termnal 1. The control nanhager 40 contfols

t he oper ati or@silabige vilieds dbaaaseoeven liltheutrabspotigrorookddes motdaclade
protocol man Y I nce . the jinyention is concerned with the
gper ation of aﬁue\ﬁ%ge@?%ﬁ@hlgé&ﬁothﬁuﬁ?ws Peirg E@B@Eﬁ%ﬁe%rf &}%ﬁﬂaaﬁ'a’ﬁ“ger
codec 20 &nd {psa oL ovarymgRaRicaplulkibh BEaiRVi FEd exbhipié € i3 thE OWBnSMitter

exanpl e of a video codec 10 according to the invention. The video codec
conpri ses an @eneaRfdatpara veogingnaumbgeddePBmin cpeopadkes, secaivens pammotl 00

video sour oo EEN R Rl FERE R AohiRRRLARS et A5 Ehehof B fllo
encoder bet wedateenphéldtosauteirom surkioh degishatndMbEfdode. 1 n | NTRA- node,
the video signal fromthe input 101 is transforned into DCT 25

Kc;-effici ents by a DCT transformer 103. The DCT coefficients are then

ssed t gyant: : h i L&l : the switch
92 and T quBRvnagtalbiien BhaliB R REReR0 o SRERAAED T PoniR B8R 105
of the video rfemmcenpictiveaimsesecorreqlientiaddcatens rain tonmudeideeaRig/i ng
term nal 2 by ans. of thei cont rol nager 40. 30 In |INTER node, the .switch
102 i s operat @ggE%SBaE@EFH proimsiead st watingrfor the ned INTRAPIERER bet ween t he

signal fromthe input 101 and a previous picture

In addition a decoder may continue decoding lower enhancement layers if a
15  reference picture from a higher enhancement layer is lost.

The reference picture order number may be in respect of the whole picture or
part of a picture. In the former case, typically the reference picture order
number is included in a picture header. In a preferred implementation of the

20 invention, the video signal is encoded according to the H.263 standard and
the indicator is included in the Supplemental Enhancement Information.
Where the RPON is in respect of part of a picture the reference picture order
number may be included in the picture segment headers or macroblock
headers of the encoded picture.

25
In accordance with a second aspect of the invention there is provided a
method of decoding an encoded video signal representing a sequence of
pictures, the method comprising receiving an encoded video signal, decoding
each received picture, examining for each picture to be decoded that forms a

30 reference picture for another picture an indicator representing the temporal

order of a reference frame and, when the indicator does not follow




12 OCT 2004 11 which is stored in a picture store 107. The gi{gf@gemdata
output fromthe subtractor 106 represents the prediction er t t he
current picture and the previous picture stored in the picture store 107.
The data in the picture store 107 is generated by passing the data out put
by the quantiser through an 5 inverse quantiser 108 and applying an inverse
DCT transform 109 to the inverse-quantised data. The resulting data is
added to the contents of the picture store 107 by adder 110. A notion
estimator 111 nay generate notion conpensagion data fromthe data in the

picture store LR.a.cqonventional manner. 10 T he encoding, control
manager i 05 Séﬁg%dé@“’%eﬁ?ﬁ? ) %‘BP&"Q@W pPregeding Figcqc({) IetRIenge oframe,
whet her to cod@tddﬁﬂgfg@mar@gr@{cb%ghe basi s of either the output of the
subtractor 106 or in response to feedback control data received a receiving

decoder. Wien not responding to feedback control data, the 15 encoder
typically enc # as,an I NTRA-fra either only at the start of,
codi ng (all o?ﬂg’%‘%ﬁ'&&@g‘aﬁ&?ﬂ%" ?g'?qsa%%ﬁ?é%rtoﬁgﬁﬁﬁwtﬁr tR&Nceds apigturevier y
oS, Of Whed { bendrtamtibordl ridihet WHPHEARAESHSeS nbP dBIPbShdechtivij 3Rk

current picture and that stored in the picture store

di ssimlar. TRE igRediaklymiecading decqdareferamtetfoarmecode frames in a
particular regular 20 sequence e.g. | BBPBBPBBPBBPBBI BBP
etc. In addition the encoding control nanager nmay deci de not to code a

recei ved framin aicodkrdancdivitthaPRGIRS Adpridt tdrensd Thididdry tHSI&‘é‘@sﬁgaeréoﬁg u%hent

frame and the reference frane is so high that the encoder
,_eﬁcode t he cuhended vigro signal whetain igr each nittura thajcionper stfesarideepishirech

ladcor di nghy. ' . out put s..t he.quanti sed DCI coefficients.
Hoa 4 neld afet TR PRI bE ARG BicRR o fhaietoy (8 esodiatait with
an | NTRA/ ( NTERakthagch Psfetendengictgveeinidiatig otheo terndl SorRF fd?r iRd

P/B), a transm.t flag 112d tq ?ndi cate thggnunber gf t he fracﬁneﬂ%ef%lf%reg%ged
and the noti oP'eEsdRdhe epecded visleo sieeamct ure bei ng coded. These are

mul ti pl exed together by the multiplexer 50 together with other multinedi a
signal s. 2 ocr ~o00~ 12 The decoder part 200 of the video codec 10

conprises an ilmaecerancenyitis er foli2®, aspedt of ehe dnidHtidr Bsrbas Mbvidad.a dideo
noti on coppensator, 122, a.picture store 123 and a controller 124. The

control | ef 1_24?@89‘37 EENRA /b dBRUT foft rRteiingnal ¥idRomSIgNap| iepsesantion ehe
encoded mul ti reguanss bfpuRssdMY for generating encoded pictures, said encoder being

arranged to employ both non-temporal prediction and temporal prediction,
wherein the encoder is arranged, for each picture that forms a reference
picture for the temporal prediction of another picture, to associate with each
! ) - 20 reference picture an indicator indicating the temporal order of the reference

picture in the encoded video signal relative to other reference pictures in the
encoded video signal.

Preferably the indicator is incremented each time a reference picture is
25 encoded.

In accordance with a fifth aspect of the invention there is provided a video
decoder comprising an input for receiving an encoded video signal
representing a sequence of pictures, a decoder for decoding each received
30 picture, the decoder being arranged to examine for each picture to be
decoded that forms a reference picture for another picture an indicator

representing the temporal order of a reference frame and, when the indicator



5 demul tiplexer 50. In practice the controller 105 of the encoder and the
controller 124 of the decoder may be the same processor. gngﬁgfawggn of
an encoder according to the invention will now be describe

codec 10 receives a video signal to be encoded. The encoder 100 10 of the
vi deo codec encodes the video signal by perform ng DCT transformation,
quanti sati on and notion conpensation. The decoded video data i$ then out put
to the mltipiexer 50. The multiplexes 50 nmultiplexes the video data from

t he video codec 10 and control data from £he control manager 40 (as well as

out put s i s oG FRECRABYT EohseqlsRial, WL 2 iRy, P38otd Rehbtn oo

(i f required)efdrence franms, tedbrudi eEbs eferidheciffargdt i on, each time the
encoder encodes a frame which may formthe reference frame for a subsequent

frame, the 20 encodi ng control manager 105 associates with the franme a

Sesoci ared wi T d0Zeiet s Feidtes " poffalle el oI Eiofs Holice®
B-frame. Bhe iﬁiﬁ@lngedruemaierlmfo%ﬁealﬂedomﬁe Hes&imecgguccessi ve reference

picture is encoded, preferably by 1. 25 The encodi ng control manager 105
out puts the RPON codeword on out put 112f which indicates the Reference

Picture O dery [ I exed
nto the vi don brREryaL il ok Heldesrbad BY SGAEE: bidbie AR il bl
oper ation of tbhbeanconh@anylhg drhtm‘:n@;dimdﬁhmm the encoder is arranged to

output an | -frame when the S|mlar|t bet ween the frame being coded and the
forence frdniures! BOWS AHENIENeiRdTOPNR SemBNANIFAoONS SYSIBMOCT 200 13. when

P out o reglis Sl a0 PR, S 47 FRFncF Cpfhlcispls bf o Hlecie

represents therfirmtes of data received froma capture input device and
i oder on |n ut, 101, The, second line of Figure 4

input to the uideo_e
r egr esents t h%@@ G??a?‘ﬁ‘@’é"s(ﬁn ‘B"Qrﬁeq R VIAeOFPHEC hat t he encoder deci des to
encode and tth gﬂeunmﬁt&tes 58 SpbPatfiit o8 fRECINIIE AR tatith aeatt.@@@%neeggﬁ

sone, the enco g control manager nay decide that a frane I's not t
coded: this |§CQ9( gl tofa gt embpdiuest of the inventfargt t hat . franes 2, 3 and 11

B frane ot Fopts & dRste 1R GPorllannoc E85H dof B alabofy SR vidse °

reference to &nedderdicchbrding tdaiffisionnpegithais of the ifvdiRiont t h reference to
frame 5; frane 7 is encoded as a P-frane with reference to franme 6; frane 8

i s encoded asFlghre Sishams thersypiaoof a bgrﬁi@@é@ ag&rown aeenrding torH.26Ber ence to
frame 8, frang %’%Ho%vse%?i?éi@(aﬂi‘ﬁ ? Rl EY PO Y (?.ltbﬁ }frgﬂcc%\c}cﬁefrtaﬁggrd?ng

frame 12 is encoded as a erence
enmbodi ment al ko theuhvetiior;ast) of the encoded frames act as the

| 20 Figure 8 shows a second example of a bit stream output by an encoder
| ) according to the invention;
Figure 9 shows a third example of a bit stream output by an encoder
according to the invention;
Figure 10 illustrates enhancement layers used in video coding for SNR
25  scalablity; and
Figure 11 illustrates enhancement layers used in video coding for spatial
scalablity.

Figure 1 shows a typical multimedia mobile communications system. A first
30 multimedia mobile terminal 1 communicates with a second multimedia mobile
terminal 2 via a radio link 3 fo a mobile communications network 4. Control

data is sent between the two terminals 1,2 as well as the multimedia data.




reference frame for a later frame. Thus a RPON is associategdftﬁﬂ.amb
the 20 frames to be coded, as shown in the third line of Fi can
be seen, the RPON is increnmented by 1 each tine. The fourth |ine of Figure
4 shows the Tenporal Reference (TR) of the encoded franme. This is a field
included in H 263 and the value of TRis 25 fornmed by increnmenting its
value in the tenporally previous reference picture header by one plus the
nunber of skipped or non-reference pictures since the previously
transnmitted one. Thus in the exanple showdlin Figure 4 the TR shown for

each 1 rame | ighie paskods thacuaidl Hilbisac ol Bohfisobt o RaiskoRal riaput

to 102. 30 Figure 5 shows a s n an encoder accordin

]Ehe i nventl oﬁermmai Mmm’m@damdec adcgboemcpdlaraumoawdﬁmed hOdatwlprdtb@olB 5
rames accor to the requl ar se

PBBP B B fm%“ ¥ ééh@ PPF‘g’PNF%aQﬁf APg 'é“%‘ﬁngd?fﬁélhpl%ﬁf 5Q @fsk aand
the second Ii o 0, 5
The frames ar@ggi@e?@eafhﬁ?g%@@#ﬁ%m%r f%/ﬂ?el%:c%ﬂ!teﬁoﬂgnﬁjs fOPC%mE
1,2, 3, 4,556 dram anilear eaptuspidayioe dhthehtesminalgnot skowhhée. geacumdeﬁa UMRIS

di | d th d 11.B 3, P4, B5, B6, P7 d bit
o Foam P8 e B HIGh SR, o aekigling, froBea Jemata Eraina T doi Alshausy e
P4, B2, B3, Rérmibay 106ncd Giisglhy 70, STHRESRHRS @ o8 éc@%soﬁ%lgecogﬁgﬁ%d' ng

and 10 succeedi ng reference franes before can enc
frame 82 requremdsther enierophonad{net shoviby @‘nﬂ’mdt&thdm@loﬂmd)eécmi\ﬁe isigmas Bar can

be encoded/ deg¢o expl.ai ne rev frames are inserted between
:{aac hor pictur ecg’ﬁfj q%ﬁs?g] 8‘fremoqﬁﬁﬂfrﬂmalb%fufzéﬁ%@bg%“%ﬂ Ey aggeédnpy ShAwN) her
e or . Roth sfthehessinapghor pictures. Thus in the ill ust ration given in

Fi gure 5 Frame 1 is coded in I NTRA-node; frane 4 is encoded as a B-frane
with reference to frame 1 and/or 6; frane 5 is encoded as a B-frane with

reference to CLfra i,s encod rane with_ -
reference to ’?ﬁ%@nﬁ‘oﬁwéﬁ@% iﬁé %“%ﬁ&ﬁéoolfsmﬁo% qﬁréﬁ’e"'%‘? tf’cq\gl&f el to
frame 6 and/ oaudic dodete 20 madefirodeth asrofitoBThaAaEMBbh Wv@v%mc%ﬁc% {qf

6 and/or 9; frame 9 is encoded as a Pframe with reference to frame 6; frane

10 i s encodedn¥8NUPTBI§ coREeiach withs hecaberationfefaiihe widandrasiec1 30, notfughemnn) ;
frarre 12 j55 e8s0&S0R o hShlaIFMdd b %an 170680l fhaliadBF 28 vﬂpg/eoprowgegnd S0

Figure 3 shows an example of & videc codec 10 according to the invention.
The video codec comprises an encoder part 100 and a decoder part 200.
The encoder part 100 comprises an input 101 for receiving a video signal from
20 a camera or video source (not shown) of the terminal 1. A swiich 102

switches the encoder between an INTRA-mode of coding and an INTER-
mode.

In INTRA-mode, the video signal from the input 101 is transformed into DCT
25 co-efficients by a DCT transformer 103. The DCT cosfficients are then
passed to a quantiser 104 that quantises the coefficients. Both the switch 102
and the quantiser 104 are controlled by an encoding control manager 105 of
the video codec, which also receives feedback contro! from the receiving
terminal 2 by means of the control manager 40.
30
In INTER mode, the swiich 102 is operated to accept from a subtractor 106

the difference between the signal from the input 101 and a previous picture




25 In this enbodi nent each I-frame and P-frane of the encoggzﬁﬁuﬁﬁte acts
as a reference frane for another frame. However a B-frane t as a
reference picture for any other frane. Thus a RPON is associated with all
of the I-franmes and P-franes, as shown in the third line of Figure 5. As
can be 30 seen, the RPON is increnmented by 1 each tinme. Thus frame 1 (an
|-frame) has a RPON of 1, frane 4 (a P-frane) has a RPON of 2 and frane 9
(a Pfrane) has a RPON of 3. ~ 2 OCT 2004 15 The fourth line of Figure 5
shows the Tenporal Reference (TR) of the ehtoded frane. As in the exanple

shown in Figur : are i S er of
occurrence in "’??}iéholéimglona ﬁ{s]lglg Igfd?lén%ﬁ%‘ht.t{3?18?'958]%2%10}:%%&88{1@3%5&{mﬁ 1
as receiving csubechciordtls ejrasétierthe radictibn 2rror beiween #ié eoreht HibRIrki HRP
codec 10 will now be described with reference to its decoding role. The

terminal 1 recBPEEVIRUSLPIEIWR Fterssh ignthe picbiretsiera 18hsnihe Calp ireths pigtum

Video data fo TR 10405 Senazieg BT e Pt TR o TSR BB RebBEn
manager 40.5 Thieveeeodaaniédl 008 tdrel wpBing ctemnviese dBST! fignsioendeds el
data by inverse quantising, inverse DCT transform ngdand I -notion

conmpensat i ng t R¥CERrguantised:dates oiTher resplfingr dalgeisjaeded to dhegentemnts of the

integrity of t i hf LOL 4 ted, @

conceal the erPEESEOHOR By el 1, A PhdiohYstiniat 11 ik sBhbPR ol o
and 15 conceal esimpedsatictadatd froihéite dstput thepictops etbret 10N iwa eorsiiomal 70
of the receiving termnal 1. Errors in video data may occur at the picture
devel, the Q8MPEREl or the macrobl ock | evel. Error checking may be carried
out at anyyer all of these 20 levels. Considering first the signal as shown
in Figure 4, when a decoder according to the invention receives this signal
each frame of ®he esicgdiig ¢cenics coaleabdrri (b devides Whetitdr toeppdy INTEADANTER
di spl ayed on a_di.spl ay ns, Th ecoded 2 ra nay .be.error correcte
and error concﬁ%’t‘?'@g qrﬁmggtg&ﬁ\tf_éﬁ?&% ??rﬁﬂ?fsh@_ arl@ggﬁetlp%%sgfﬁtﬁ%thes%m d,
the decoder exgd nemideleorTRobi 8F dnt RInREMd GcvBBACK Norfifdt BataS ré&eibSd a

di splayed. If the TRs are not consecutive (e % the decoder receives a
8d

frame with TR=Iqgidng hdacadear andhent hotrregpondiag dte: deedbaak dontrk datamiha

on the display i t . frame 30 iod, as LS vent,j onal .
The decoder® ol SoCRse WRLEyisealER B aiRcss ARIRTEATra el S 8Ran
shown in Fi guref ¢otiing dcodher frates veid Pa@meshnst aersguldiepelidds efd. adRarpas
a RPON=1; the decoder then receives a frane 2 2 OCT 2{)p~ .
5s, or when the oufput of the subtractor exceeds a threshold i.e. when the
current picture and that stored in the picture store 107 are too dissimilar. The
encoder may also be programmed to encode frames in a particular regular .
20 sequencee.g.  BBPBBPBBPBBPBBIBBP etc. In addition the
encoding control manager may decide not to code a received frame at all.
This happens when the similarity between the current frame and the reference
frame is so high that the encoder decides not to encode the current frame.

The encoding control manager operates the switch accordingly.

25
The video codec outputs the quantised DCT coefficients 112a, the quantising
index 112b (i.e. the details of the quantiser used), an INTRA/ANTER flag 112¢
to indicate the mode of coding performed (I or P/B), a transmit flag 112d to
indicate the number of the frame being coded and the motion vectors 112e for

30 the picture being coded. These are multiplexed together by the multiplexer 50
together with other muitimedia signals.



16 with TR=4 and RPON=2. The decoder conpares the RPON of gﬁmﬁﬂtly
received frane with the RPON of the previously received fr d

calcul ates the difference between the RPON values. In this case the
difference is 1 and the decoder therefore knows that no reference pictures
5 have been | ost between the current frame and the previ ous decoded
reference frame. The decoder therefore continues to decode the signal in a
conventional manner. Let us now assune that the decoder is unable to
reconstruct frane 5 (this 10 coul d be due 13 the data being greatly

corrupted or Mpiengeddtfdr it 200" dfohb ABEo 'dARieBOtY Fé@gﬁ&%@fﬁﬁﬁ%{ﬁ%@ﬁ%‘}sed

by the decoder is frame 6. The decoder conpares
recei ved frand20f panisveysenDQT traesiindisr of2 1, lee mptieni coragnsatoe 2 aapidture

d ded f f ~ I he diff b

decoted et 5088, 1530Ed L i Y10 heLhahEa o ehen bt

th f Kk i f gt 1,51
L oLOrs <noveritRte IR 158, W05 HESRAOR IR A AR

of the current frane and tha the previou t he
facility t® séemuipiexet 5leedbapkaaliaztatiten cohtrollemriOFi bf ithg sticteler easddRE

f he decoder c est to,the transmtting video encoder to encode
a frame as an%pﬁiaﬁg?f%ﬁgg}ﬁjd%%o%rd'ﬂwhéqg@ & 2 gfﬁﬁeﬁﬁoérror propagat i on
that would result fromfrane 6 being-decoded with J reference to frane 4.

Consi dering now the signal as shown in Figure 5 when a decoder according
to the inventilhe ereratioeoftan encidaraccerdihg fio dneirvfentibe vill gowl bé slegetssted

%gcgdgg e e Be0 TPRBE 1 Micainitn WL SBR! Bohe elpated-s THE @voear 168al
wmHnner . Eqoh tdfmehe, WMduEe bedsleceradied endleoRiter Syl N8P biforkfinbl Bhér! 0

determ ne when the frame is to be displayed. The de 0 erxa nes-t he
RPON of the rd@sisiematicmesiantisation rang twdionstempensaticinguTaesdadusiatevidder

receives fra i . S RPON=1, The .decpder decodes
Thie frame fndata hAPEodab hBlRubAE S Fola ot nTerh P Res e
frane recei vedidpo thia ilemotiervidiso £besc flDaR] contfo! dhith Frof R SotdrdiR yThe
decoder conpargs,the ON of the currently received frame (frame 6) w eh

the RPON of tHKE feWeHas pthek sionals asnrireptate)riaiepemedinmediresighalandhe )
d I t iuf : t P, | Ni. t ,
Tt erencdl) ¢ kAl DELERS SR IR Al D I fedrita iBTEnEL S vie thees

have been | ostmbdemdsh (if respireddsi on of the current frame and that of the

previ ous decoded reference franme. The decoder then decodes frane 6 with
reference to frane 1. 10 The decoder then receives a frame with TR=4 and no

RPON LN i s inaacith @SSRt BT Mckitbhi 8o S8 iHe"Bnfid BREdIar ades

frame 4 with reference to decoded franmes 1 _ NOwW
assume that t HEamecwhioh maydein etheo refetermes frame fbr ansubsegiest franeguing be

d_‘_Je to thepdatd, Rkl SRRl YdiddaPiB8 YseDSisk | Oft fld qast her) 'sngaiied

: _..) Reference Picture Order Number (RPON). For example, a RPON is
associated with every | or P frame of a video signal but not with a B-frame.
The RPON value is incremented each time a successive reference picture is
encoded, preferably by 1,

25
The encoding control manager 105 outputs the RPON codeword on output
112f which indicates the Reference Picture Order Number associated with the

encoded frame. This is multiplexed into the video bitstream by a multiplexer.

30 Figure 4 illustrates the operation of the encoder. In this embodiment, the
encoder is arranged to output an I-frame when the similarity between the

frame being coded and the reference frame is less than a first threshold i.e.




fact that B-franme 5 has been lost is of no consequence to\QﬁFO@ECQMEr as
the B-frame does not forma reference picture for any other franme and thus
its loss will not introduce any tenporal error propagation. 20 The next
franme to be received is frane 9. However, |let us now assune that the
decoder is unable to reconstruct frane 9, which is a P-frane (this could be
due to the data being greatly corrupted or being |ost altogether). The
decoder may therefore be unable to decode successfully any of franes 7, 8,
10 or 12 since these nay all be predictedi3in part at Ieast W th reference

i spl ayed pi CPIPEnE kb o B SubbEb0R tnngRGelieutian antrst dbGRoId.
frame 13. TheOHRHweRs tHOSMeIRY dulsutBRONaa{ed hﬁ]@wﬁﬁé'cﬁf P‘}% ré%ﬁlr ence

frame (frame 13) with the RPON of the previ ously received
reference fraifg meﬁﬂrﬁ@t@}e@h@d:ﬁbﬁua@apwremeptﬂldavmIr‘cp:eltm#re video

ON. | h 2 d d h f k h
R ot e Spicafer' bt 161 7328 4chodhnd ko fes Fﬁeﬂrﬁéeﬁﬁa&éﬁe{rﬁ%%“s%f‘ !
previ ous @ecoﬂ@lrrpe& efighdlethat %@@hc%@@ﬂ db%ldersafaeenbédé %ddﬁfeoééamgnco

facility to send control feedback data to the transmtting video
t he decoder cdﬁeéﬁﬂﬂaod%qaéhfrwt H‘é meainad albm@ soreothenenmbeling ooa’trobde

a frane as an f he te ropagati.on hat
houl o reaul ¢ TEDRORT ShaY RstRE ke i BBals s M R bRk ! 5 St b

the referencef méw?m@ﬁmﬂm@m@w Sandnel geatbtidddelie the coded si gnal
will now be addressed with reference to the H 263 video codi ng standard. 10

Figure 6 shows the syntax of a bit streamas known according to H 263. The

L001 Peu"10 TORRIRE, P RRRERT PUPAALBAPCRoE Tl Bt A Bl Bt © °

format. 15 Asraferdrioenesl Tﬁm@aﬂyr,ramleebblstelﬁdmﬁa@&ﬁ H-fdind axar ﬁareﬁe‘ﬁ%e to
picture Iayer icture segnent ayer, macrobl ock |ayer and bl ock |ayer. The

pi cture | ayer @SR fage ﬁ@ﬂ@?@eh@édep ﬁ"%mledM@Uer?l‘QMPdOf sameths f@mey of
Bl ock t
ot orf g b1 e hdod  bEWH fne i PRILONRL IR B FANRIB 5o EAYGAGNHS o |

Figure 6. A deénamep]tfoambcﬁ lseamqw:hs iaé’-g’amwhhlreﬁaremomam Blivd@est@rt
code (PSL i ndi cat e he s{ba}rt of gl cture TR. The Te ral. Reference
(TR) is fbrmef BT e 4 %%f encg pdeane fpdem 3?.5% gpreded as a

ref erence pi cwf@mﬂﬁrreme@ée R'BaRletfo.t he nunber of SKi pped. o
non-ref erenced pictures since the previously transnmitted one PTYPE Anobngst

ot her things, PTYPE includes details of the p| cture codi ng type i.e. INTRA

or | NTER PQUAI ant| S8 be use the
30 picture unwl tﬁiscgegﬁﬁﬁa ﬂ'petng %/“ s(ﬁgtéé%e]%f’ qﬂf eseé}c ﬁfio g:lﬁﬁ
cogevvo;I dt halt tref?erad:? %hoﬁae ien GitepbhnaThao Bl RPONIE BERTRItEE va hll BPHRE
and vi deo nul ti pl ex de

__\) 2 fra%'ies o be coded as shown in the third line of Figure 4. As can be seen,

the RPON is incremented by 1 each time.

The fourth line of Figure 4 shows the Temporal Reference (TR) of the
encoded frame. This is a field included in H.263 and the value of TR is
25 formed by incrementing its value in the temporally previous reference picture
header by one plus the number of skipped or non-reference pictures since the
previously transmitted one. Thus in the example shown in Figure 4 the TR
shown for each frame is the same as the original number in the original signal
input to 102.
30
Figure 5 shows a second embodiment of an encoder according to the

invention. In this embodiment, the encoder is arranged to code the frames



2 OCT 200 19 PSBI Picture Sub-Bit streamIndicator- only pﬁ?ﬁh If CPMis
set TRB Present if the frane is a bi-directionally predict }e nown
as a PB-frame) DBQUANT Present if a bi-directional frane 5 PEI This rel ates
to extra insertion information and is set to "1" to indicate the presence
of the follow ng optional data fields PSUPP and PEI. PSUPP and PEf are

t oget her known as Suppl enental Enhancenent |Information, which is further
defined in Annex L of H263. 10 GOBS Is the data for the group of bl ocks for
the current picture ESTF A stuffing codewbftd provided to attain byte

al i gnnent  befgscrdifg t6 t f ence
for the _ pi ?urgﬁ?geggﬁﬁ\%ggg?g?#ﬁ? ?g%eﬁv:g,r gn?owa P éj g; Cty

al i gnnent of [R@ flfﬁt%tnepoi:ﬁgugeﬁslmws@m M3 ffmestand the seeond hnmhdws
Figure 4 doe i i onal TYPE data field. PSBlI is only
present if |?\t &ﬁdgg%k%%ﬁ %‘It% &Ry "\QBBBH 'f@ only present if PTYPE

I ndi cates use of a so-called PB franme node (unless the PLUSTYPE filed is
present and the used of DBQUANT is indicated therein). These issues are
addr essed & n e érameasapre receivas fMoasa vigee chptae idaviceTethbobidenilng3,4,5,6

h f at f the bit-st 5 t t b
P anconer acets: ANABCnBve T IR LiBbt OBr i doPfui fases e ceriash p”we Y
pi cture or derthaur@sr MRBDB3I aneszH P?e@td Nt Hvdl O hd idsd MG RSs,

follows. Figure 7 shows an eXxa a bit stream out put Id%y an encodel”
accordi ng to €9fBprassed, trapes ancfaﬂeaﬁdetdhm thwﬁ:ﬁbumrg okkershom iBe,383,

Fi 7, th t t furth rd which is a
. Igg\r/\grd i nd?gz{ |Bn53 ﬁag%r gtiﬂ%elg %ﬁe%ewﬁee%%]c g ﬁ%‘?‘?ﬁefequﬁﬁss pf%ce,cmgrq@ by
an encodefn acsmcﬁeﬂlmg reféilﬂhcerfr&&ﬁés %fo@%h@?%w @@@n@@&é&/decoéee% ﬁ’al o

20 AIternath fhe reference picture ordér nunb I nC
Suppl enent al ﬁﬁﬁﬁ@'é%%ffﬁm%f"oa*’r\%ﬁ‘bw PsERPOdedideanrest bleftmfe frarpeBardnfgur e
4) . The suppl g Jrat ion may be present in the bit stream even

t hough t he decoder nay not  be capabl e of providing the enhanced

As explained previously, B-frames are inseried between anchor picture pairs

15 of I- and/or P-frames and are predicted from either one or both of these
- anchor pictures. Thus in the illustration given in Figure 5, Frame 1 ié coded in
INTRA-mode; frame 4 is encoded as a B-frame with reference to frame 1
and/or 6; frame 5 is encoded as a B-frame with reference to frame 1 and/or 6;
frame 6 is encoded as a P-frame with reference to frame 1; frame 7 is

20 ‘encoded as a B-frame with reference to frame 6 and/or 9; franie 8 is encoded

-

as an B-frame with reference to frame 6 and/or 9; frame 9 is encoded as a P-
frame with reference to frame 6; frame 10 is encoded as a B-frame with
reference to frame 9 and/or 13 (not shown); frame 12 is encoded as a B-
frame with reference to frame 9 and/or 13 and so on.
25
In this embodiment each I-frame and P-frame of the encoded sequence acts
as a reference frame for another frame. However a B-frame does not act as a
reference picture for any other frame. Thus a RPON is associated with all of
the I-frames and P-frames, as shown in the third line of Figure 5. As can be
30 seen, the RPON is incremented by 1 each time. Thus frame 1 (an I-frame)

has a RPON of 1, frame 4 (a P-frame) has a RPON of 2 and frame 9 (a P-
frame) has a RPON of 3.




5 capability to use it, or even to properly interpret it. igrglcyf ingcar di ng
the supplenental information is allowable by decoders unl e r ement
to provide the requested capability has been negotiated by the transmtter
and receiver. 10 If PEl is set to "1 ", then 9 bits follow consisting of 8
bits of data (PSUPP) and then another PElI bit to indicate if a further 9
bits follow and so on. The PSUPP data consists of a 4-bit function type

i ndi cation FTYPE, followed by a 4-bit paraneter data size specification

DSl ZE fol | owed by DSI ZE octets 15 of funcl®on paraneter data, optionally
fol | owed by Ty ng; 135 K [ PP
codeword to %Zﬁﬂcgrlﬁeﬁﬁsﬁﬁﬁi%n%gdﬁjscﬁﬁeag:g g}gnﬁ%@?{e@bg Eﬁlﬂ -osimeure
or parti al - pienandedfirameae Ay inflheenamslbahoevt BOBigate vi tHe TR slidwiefdr each
resizing; to tag particular pictures or sequences of pictures within the

vi deo str eamff%i%eé%fl'éﬁ' PaIne Asdtheqrdep ot BeriyenGR Bibeknging] signalinA te 3. 20
video conpositing: | To inplenment the invention using the Suppl enent al
Enhancenent Information, a further FTYPE is defined as Reference Picture
Order Nuniger . Cabsidexgng the8tdririnalt  as esceibingeredad eidebedatadrgratameihal 2RBEN i s
included in the SEI of, the picture header. The FTYPE_ is defined as RPON.
The DSI ZE speRPGrREen tcﬁéhgi\ﬂae%fcwﬁ@ 14 v oy %ﬁnéew@%mtb epee do it

t he paraneter b . th I M.t Qi S ivin
decoder can d%?tgsrc@n]%emvﬁiet ﬁ”eh\réagg'?%@élr elqr:l‘géc Sﬂe%urater}hggl edgﬁ fi‘ig@?{cef%h the
Al t er nat i vel ytrangmitiimg ¢etminaio®. nlye wernooitiplexee &0 detrhitipleiks tranahultimedia

Suppl enent al Enhancepent | nf.or ion . as specified in a "Draft of new Annex
Addi ti onal S'Q”% gnd pasees gleé | GBIBrOANe ARG nt0 ﬁﬁ%&ﬁlﬁﬂqnyﬁﬂ data

M Addit] onal 512 | .
Docurent G15. o8 R nerBarfEl00 o HEcRePReCIar e ARads p RS YeSes e

defined as " Peocadas Msasagdata byhiverde sjUETYBIRg, sheetse DIRT practsforening samg e

baa e 11 GHER Ao B0 Be et T o e e SR o RR 3RS O°
structure sholeddty fofghs eeleile® datidhd, BRI enbd ié\/ﬂiéé{:éceée@%t@nb& B%HcdL

the nunber of octets in the nmessage data 10 corresponding to a picture
nmessage funct thshermoRdn imapnaidor be slesseibet belowagéhehslegeded Therrecied and

associ arelt wrPieTHER Vg paflEinarPomous 16t FRAREREH &R JFIBPTRETRR o

15 t he messagecahitiag dsiswinglt.ed with the next picture .. message function. .
The ' End Bit .Position field EBLT specifies the nunber of | east
significant bits that shall be ignored in the |ast nessage octet. Further

details of th%ﬁsréi'ﬁlﬂae&%tg%ag% el 1 %(E)cg{.}e e d%éeifee{er' 8¢ the

above. 20 The field MIYPE 1 ndicates the type nmessage. various types of
message are sumgsbiodkilevelheEdpatchedkingrmay W cacdsn diubgt tamyt be all rofethiesen
one type § g. ,MIYPE 12 is defined as RPON or Picture Nunmber. The nessage
cantains o é%‘{es'byt es that carry a 10-bit Picture Nunber. Consequently,
DSl ZE shall be 3, CONT shall be 0, and EBIT shall be 6. Picture Nunber

shal |l 25 be incremented by 1 for each coded and transmifted | or P picture
or PB or | npr &xasigming sk the signal @stshowmn inuFigwpet,avhen a gecodér anudréifg

B e e 6 Ror b hal olnBCRPSL Y a0 SR Sl TBAdH i¥
Nunber shal | k@nventional manner and then displayed on a display means. The decoded
25 frame may be error corrected and error concealed in a conventional manner.,

Each time a frame is decoded, the decoder examines the TR field to

determine when the frame is to be displayed. If the TRs are not consecutive

(e.g. the decoder receives a frame with TR=1 and then a frame with TR=4)

the decoder holds the frame 1 on the display for 3 times the usual frame

30 period, as is conventional. The decoder also examines the RPON of the

received frames. In the case shown in Figure 4 the decoder receives frame 1

and sees that this frame has a RPON=1; the decoder then receives a frame



increnented relative to the value in the nost recent non-B picture in the
30 reference layer of the B picture which precedes the B pi§QuﬁET¥nu4
bitstream order( a picture which is tenporally subsequent to the

picture). If adjacent pictures in the same enhancenent |ayer have the sane
tenporal reference, z z 6nr zoos 22 and if the reference picture

sel ection node (see Annex N) is in use, the decoder shall regard this
occurrence as an indication that redundant copi es have been sent of

approxi mately the sanme pictured scene conflént, and all of these pictures

the Picture NUTharioh e, PO T depatf edieRafic SRR bib3 dtrany”
same enhancemectiviedydrarhe with theaMPON bhethd qirbiiBssEO rédivdE Hrassntand

approxi mately the sane pictured scene content as described above, a | oss of
pi ctures or cHfWpiasother diftaranemybatwernr the JAPON (wduerecolieithis Tase theue

of RPON i s def Nt he | .owW .10 in.a
specific Exaen%rfgféhdﬁi lsSt Ereas‘@ggﬁé c%eﬁoggwgﬁ%ﬁiaéaﬁ&ﬁégﬁaﬂﬁgq%gr?ﬁc? PIGUBSE\T
is 0, andZEBlffaves benThesRefstiveane ik céutentOfdene Navidethd prévicl€ SRR PY
one fromthe 15 correspondi ng nunber-of the previous coded reference

pi cture: The Tesarence feame: fiTgarﬁecgdﬁr thergforerontiaugs tio sfecote thesignadin at i on
is placed in ; sociated with this nessage. T he invention nay
al so be inpl eérr@ﬁ"teg%b?‘ﬁpﬁa?ﬁ'ance with Annex U for . 20 H 263. The, above
description has nade reference to encoded video streans in which

bi -directi onatlﬁ gredi cted pictures éB— pi ctures) are encoded. As mentioned
,e;rl i er, B-pitfUHRNOW asspng thaldineadesadasrisnnakie do veeenstgichdwmme 5 fibis can
by

Brovi de-t poralioBE ALERBS M R Bl (HRlked of berld Mefaflodieiand "
conpressed vi teonaxddrameeaeotivedrand decodeebytted deyodenisfirarian60ThedavwBEEs, a

scal able mul tinedia cli be conpressed so that it can be streamed over
channel s wit hca'?lpﬁéﬁ"%hlep@ﬁg'\'rojtﬂég CHA@NEY refeived Hamnm Hernan §) pithytbg RRORY i n

30 real -tine. of Repfdvlotdy received and decoded refersnce frame (frame 4) and
calculates the difference between the RPON values. In this case the .

15 difference is 2 and theudééaae—r”thereforé""kﬁna\}vé_fhaf'_é_'-i'efereﬁéé picturé has
been lost between transmission of the current frame and that of the previous
frame. If the decoder has the facility to send contro! feedback data to the
transmitting video encoder the decoder can send a request to the transmitting
video encoder to encode a frame as an INTRA-frame and so stop the

20 temporal error propagation that would resuli from frame 6 being décoded with

L reference to frame 4.

Considering now the signal as shown in Figure 5, when a decoder according
to the invention receives this signal each frame of the signal is decoded in a
25 conventional manner and then displayed on a display means. The decoded
frame may be error corrected and error concealed in a conventional manner,
Each time a frame is decoded, the decoder examines the TR field to

determine when the frame is to be displayed. The decoder also examines the
RPON of the received frames,

30

in the case shown in Figure 5 the decoder receives frame 1 and sees that this

frame has a RPON=1, The decoder decodes this frame in a conventional




23 Thus the video stream may be decoded in different waysﬁ @j Tzﬁﬁ%ang
decoders. For instance, a decoder can decide only to deco t

Ppictures of a signal, if this is the maximumrate of decoding that the
decoder can attain. However if a decoder has the capacity, it can also
decode the B 5 pictures and hence increase the picture display rate. Thus
the perceived picture quality of the displayed picture will be enhanced
over a decoder that only decodes the |- and P-pictures. Scal able nultinedia
is typically ordered so that there are hidiarchical |ayers of 10 data. A

base | ayer c ereas
ennancerent |y A Tnadg Il PHESERkAARE Bhebll Wk ERKE) R tin)ir
Consequent | y, 61 dtheTig eareehtRPOYELs | Ting soddee sirapaley e tF@ON' op- the
Scal ability is a dFSI rabl e Pr operty for hetero eneous and error prone 15

envi r onnent s. CHFRRINFRASER, Trag ey BEdmea i) awithy the Noofdbarnreviouslyi regeiveds

and docoder cammreeP S Adbromrale Waie 4 B Hele e MR B e Wl e
in a trangporthesR&CMN Mhedhis @ikd theediffdrardi 80! Ad ehehiceedeHdiciora REpYL!
prioritisati o The ermtrans?ort prioritisation here refers to various

mechani sms t ol L& §EegNEe dtigiesiave beer iogt batwoer &anamission phihe current

i ncl udi ng ‘une o i ng
aitrorent orr e, 804 thafoPiRf bictihus Sefidid Mefdriceiank, THRE ABeRudriiaa
differently. #ecodesirpins 6 Wikl rebsrent@yeframmyibe delivered through a 25

channel with a high degree of error protection) and the enhancenent | ayers
@y be transm tted through nore error-prone channels. Generally, scalable

UL meodi f CothaietetbPitter FRERsiPhiam< ATRIFES Ry RETREORNCH ilfhce the

non-scal abl e codi ng. I'n other wor medi a cl1p encode

scal abl e nul t faeader ohakeswnohfuetieancssreft tHeaRRONr endi desdaefraate largi dt h
than if it had hbeen coded ! nog gcal apl e single-layer clip with 2 2
OCT ~pp~ 24 e%ﬁa CTiReAI0 §5P Ps é%@ggtlons to this general rule exist,
for exanple the tenporally scalable B-frames in video conpression. The
invention may be applied to other scal able video conpression systems. 5 For
_instance, in Heb&s neMieassome \tbaioﬁ.hleedemﬂamsojnaﬁ@ltab‘ebmmgtrwtéramé@m:ls

‘signal -t 2 I

Scarabi 15 A EUERE busia? Hhld Ko BB RE) (AR 8 B st R0 P, e
bei ng the i ncmasr.batt Bedrmals hes deohilest |§rd$\ﬂod@c§hs}é&qu§ﬁéé &@khé@éb@@éﬂ 44 Yhe AN
i 0 exanple of R sc | able pictures is shown in Figure .0. SNR scal ability

inplies the cFe B‘PS rﬁﬂ’ftfprmaﬁ &efgrence pishure. for aamy @m@r figme engvig ib$
Feconat ructi 2&"5‘%‘%.“*5‘1’% R, 2 KRl oPet PlBoalbfit | e to encode the
di fference picture in an enhancenent |ayer. This addl tional information i5
' _hcr easeszé he"l%fe nex‘tqffrartng oqoee?eac!elwede R drlﬁ%eg .O%Eeu\{e% let us now assume that
the decoder is unable to reconstruct frame 9, which is a P-frame (this could be
due to the data being greatly corrupted or being lost altogether). The decoder
may therefore be unable to decode successtully any of frames 7, 8, 10 or 12
since these may all be predicted, in part at least, with reference to frame 9.

25  Typically, in this situation, the decoder will freeze the displayed picture.

The next frame received and decoded by the decoder is frame 13. The
decoder compares the RPON of the currently received reference frame (frame
13) with the RPON of the previously received and decoded reference frame
30 (frame &) and calculates the difference between the RPON. In this case the
difference is 2 and the decoder therefore knows that a reference picture has

been lost between the current frame and the previous decoded reference



Spatial scalability allows for the creation of nufti-resolug%gqgﬁit'ﬁzreans
to neet varying display requirenents and/or constraints. A t IZﬂ

scal able structure is illustrated in Figure i 1. It is essentially the sane
as in SNR 20 scalabiliiy except that a spatial enhancenent |ayer attenpts
to recover the coding | oss between an up-sanpled version of the
reconstructed reference | ayer picture and a higher resolution version of
the original picture. For exanple, if the reference |ayer has a quarter
common i.nternediate format (QCIF) resol util@n, and the enhancenent |ayer has

a conmmon i nt efRE a | Ut i t neferenge | r
pi cture nust Le séaﬁgt agggégﬁg%%ﬁ%g%&ﬁ&a F’%@deﬁﬂﬁgﬁiﬁéﬂ‘?aﬁﬁgéﬁvﬁ? here
can be predi ctragstiiting ividecTérecddat fhe tanddedcan beng o RS tHd RBnsRItRSy
i ncreased by a. factor &ér &‘%wo in the vertical direction only, horizontal
t

di rection onl Yi9e8 RGP Eodec Al rame wsy o NARAHress ianeks sbostap dhagl e
h t | : U ot 1.0] t h
Chcroas ng. t hiotaporal Wik GEPaRBSH thaPhbuil rICRERT SHma ks biing Hesnged

i nt er pol at% onwfthiretarsnos éolframeud- sanpl e the reference | ayer picture are

explicitly defined in the H 263 standard. Aside fromthe up z z ocr zoos
25 sanpling process fromthe reference to the enhancenent | ayer, the

processi ng an i.all [ r e ldentical to thqgse
o “an SR seal o) i efreRog R SRARAUTEGD el B PRt £ cbRoned
enhancenent | &igoel piilit nowsbar addesséerwighl tofermcel 1o heERL26T 1 WAES - cédinghe
enhancenent Iai/aer picture is upwardly predicted froma picture in the
_/Eaference Iay@ ,nqalﬁ%'n t he enhancenent | ayer picture is referred to as an
‘Edhancermepg-1 (El) picture. In this type of scalability, the reference

| ayer neans the | ayer "below' the current enhancenent |[ayer. In sone cases,
when ref er enc&iguigdr shows dhesyatax gfoobitystiinpreadkindwen acevriing e6iM26af The

tati t ' i h t |ayer,
cnnecessar i |y TelellSe rEeihEnfEPaS desoub thiralE Shanrohyt Micber gaschocs: on
is pernitted isRillbHePShRRERARS nvelEH mﬁrhgiﬁggﬂrge ﬁ?ﬁleﬁ{erﬁé& .ir?fne%&@ o

the forward direction froma previous e 'ayer "picture or,

alternatively, upwardly predicted fromthe reference layer i5 picture i S

B "'r' ef er r’ed aT é"""*"“'" nNnhancefién _'P "P T prerure. NO e th C - CQ t“lﬁ t“h@' o
aver age oi Q-t h?sﬁgﬁg{r} g'ﬁ%& a%%&r"\‘?é%&) i’%ﬁr‘i g‘agtfgar %W(‘?tr or @‘gﬁ?%rl%gﬁr deiciure
bi di recti onal spgeuinttayer, frardBRodk latbr 88d biedk B9ER The pﬂét@r@%)ﬂ@fr%mr%%es
upward predictian fromthe reference | aﬁéhpl cture inplies that no tion
@

vectors are r&RIFMHER Neader frlloweskby, dateg Gyospi StBloaks.cevapualiycialiowsd
nmotion vectorg, ; WHed. [ t jnvention, if the encoder
i s capabl e of ﬁﬁ%&i@?ggggﬁ%&é@%%&&gﬁﬁ%g %@ffmrgg@ggssed in Annex O of

H 263) the reference pictures of each |layer are given consecutive Reference

Picture er -Nunbers. . T qay 25 be assgciated with the enhancenent
Tayer nunlr (RRRGY 1 LRSS blSlieRt B oNiAGSd AR fo Rigire ot & desortear
~Ndnber is i ncrfglr@ﬂgregahys anenfgaisyt he correspondi ng nunber of the previous
coded reference picture in tﬂe same enhancenent |ayer. 30 As shown in

Figures 10 and®34, the plbepidsrostartmwdenRECEineitateayes stayobbiensierirst ed
froma precedi pi ctur eTBf .;.he enqgﬁc%ﬁrrent Iiﬁ?r_ apd/or fromthe 2 2
2004 2s equival'dnt 1- or 'PSpi BIEPER Jretakengm dd H) dsetormad by nngrraaeting Ity er
may not be predicted frogppeBmpi } [P I nt
pictures in the sane enhan%‘gmilﬁ %@Pb%&gﬁ]ﬁ@%ﬁ%ﬁﬁ%@ﬁﬁwg ,h%g@?ﬁ%ge
and i f AnA8x N or Annex OnefpMs2@ hariberusk skippeddee ocert-refeedristb bictures
regards this occurrence as aﬁBi ndi cati.on that, égdundant copi es have been

sent of approximately th& S5HES HRYOIeY lePshittedent, and al | of these

pi ctures then BhapB the agasn : epqugs LN t e, in ion,
on receipt of a multi-Iayer sglﬁgna eigjlﬁgési’cri bedE gﬁ‘g@ggga@?‘éﬁ%t@ EH(? ﬁgcg%'! e
the signal in a conventi eadingtapaée. INTRAacHNP&Er, each tinme a reference

picture is de ~-t he decoder exanmi nes the RPON of the decoded picture.
I f the decodeﬁ:p(g@?&é\l i ne%‘ R ?Wa"ﬁﬂ@r Bwlicatps ciher URRESHe&n heodisetr tim the

enhancemegp | ayer, the deaGRs uif3p8atddby any subsequent quantiser information

CPM A codeword that signals the use of optional continuous
presence mulfipoint and video multiplex (CPM) mode




1 J diSpiay piCur eSf rOmt h2 enhai nCen i n2i nt layci ui ntil an
~i-pi Ctur a IS received. The decoder continues to decode th@ Qa@g]‘lm r as
described earlier. The invention is not intended to b2 limed to theé video
codi ~ g protocols di scussed above: these are intended to be nerely
exenplary. The invention 20 is applicable to any video coding protocol in
whi ch tenporal prediction may be used. The addition of the information as
di scussed above allows a receiving decoder to determ ne that a reference
pi cture has been lost and to fake appropril@te action. 22 OCT 2004 27

CLAIMS 1. A d of e i | ignal_.representin uence of
pictures to P%régﬁ?an encﬁéﬁ@%&gbg@ggﬁaﬁ‘ ; ?"sTr?&ﬁ‘[@ﬁﬁgﬁhﬁlﬁﬂﬁé%ndent
I NTRA pi ctur eFRgnd t enpdrakéit Hit frelhed Bt Pi-alrdéshalegiched hﬁrri wn
pictures and at | east some of the tenporally predictéd pictures torm
reference pictures for tafcd P&iam&) predicti on of other pictures, the

met hod conpri g A1 cad J [eTelo| rder of the reference pictures in
t he encoded ngeag'ué'iqgnaﬁsﬁﬁggﬂﬁgaﬁc‘fﬁ%ﬁggn@rfgqr@gtor, such that consecutive
reference i cPEles in ergiralicd €6 ex@aCindid ffofREIGNeRId RALERIPr Ve ues
that differ with respect, to each other by a predeterm ned 10 anount. 2. A

met hod according to cl ailfsicaianiee epressara pf cbet éeliewieg aptiomal dateorfields. A
nmet hod according to any i i ei_n t seguence, i ndicator is
15 included in a pictur f%gggﬂﬁ?‘%ﬁ% :%%EE 5@90?’%{”6&1 ﬁogfetgse.rn NOWRed%i n
the video signal is enc@igshleseatdi EhHzhcehtert e ratavdar did hSurther

sequence indicator is in¢luded in the Suppl enental Enhancenent |nfornmation
of the H 263 bit-streamdefines inAnnaxogf rding to claim1, wherein the

Secording Jo Sare 1 wiaree Gefhiotihd okl B B e RSk B aidued W 0

part 25 of a ESJture. A stuffing codeword provided to attain byie alignment before

ECS
EOS A codeword indicating the end of the data sequence for the
... Picture
15 PSTUF A stuffing codeword to allow for byte alignment of the next

picture start code PSC -

The structure as shown in Figure 4 does not include the optional PLUSTYPE
data field. PSB! is only present if indicated by GPM. TRB and DBQUANT are

20  only present if PTYPE indicates use of a so-calied PB frame mode (unless the
PLUSTYPE filed is present and the used of DBQUANT is indicated therein).
These issues are addressed in more detail in the H.263 specification.

The following paragraphs outline possible implementations of the bit-stream
25  output by an encoder according to the first aspect of the invention.

The reference picture order number may be incorporated into a H.263 bit
stream as follows. Figure 7 shows an example of a bit stream output by an
encoder according to the first implementation of the invention. As shown in

30 Figure 7, the bit stream includes a further codeword RPON which is a
codeword indicating the reference picture order number. This is inserted by
an encoder according to the invention, as described above.




7. A method according to claim®6, wherein the sequence indicator is
included in a picture segnent header or a macrobl ock header & 248CE 4ed
picture. 30 8. A nmethod according to claim1, wherein the video signal is
scal ably encoded and sequence indicators are associated with |layers of the
scal ably encoded vi deo signal. 22 OCT 2004 28 9. A nethod of decoding an
encoded video signal representing a sequence of pictures to forma decoded
vi deo signal, the method conprising receivjng an encoded vi deo signal
conprising tenporally independent | NTRA pi®€tures and tenporally predicted

pi ctures, whehAkématively| NRBArgierirvee picn®d abddeasinkz? Ma9f bd hﬁclh%g_ofnamé'
predi cted pi géures formb5 reference pictures for the tefmporal prediction of

ot her pi ct ur elUPRigITRbEBhaDCameNt iIfosmation (RRWPPOspei Alnex b of dd.268cand

i ndi t i b Let h ,t hat { tiwv,

ot er onoe pi chgire 40 THE S TRiRhRHIERAEY A Hrefl Rl stream yes
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request to a transmtter to 15 encode a picture in a non-tenporally

predi ct ed manff&®¥Ren the sequence indicator value assigned to a particul ar
reference picture does not follow consecutively fromthat associated with
ag i medi ately precedi ng decoded reference picture. 11. A nmethod according
td clai m@ whdtiliis sehéopn Bdabargrbite doliuW uohsisEn®BES K d2dat (PEIUE) and
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is encoded according to the 25 H 263 standard and the sequence indicator is
i ncluded in the Sugpl enent al Enhancenent

The PSUPP data consists of a 4-bit function type indication FTYPE, followed
by a 4-bit parameter data size specification DSIZE followed by DSIZE octets .

15

of function parameter data, optionally followed by another FTYPE and so.on,
It is known to use this PSUPP codeword to signal various situations such as:
to indicate a full-picture or partial-picture freeze or freeze-release request with
or without resizing; to tag particular pictures or sequences of pictures within

the video stream for extemnal use; or to convey chroma key information for
20  video compositing.

To implement the invention using the Supplemental Enhancement
Information, a further FTYPE is defined as Reference Picture Order Number.

25 Figure 8 illustrates the example where a parameter RPON is included in the
SE! of the picture header. The FTYPE is defined as RPON. The DSIZE
specifies the size of the parameter and the following octet is {he parameter
data i.e. the value of RPON. From this value a receiving decoder can
determine whether a reference picture has been lost.

30
Alternatively, the information may be contained in the additional Supplemental

Enhancement Information as specified in a “Draft of new Annex W: Additional



Information of the H 263 bit-stream 14. A method accordi n%ztgczlﬁgf% 9,
wherein the sequence indicator is associated with the whole of a picture.
30 15. A nmethod according to claim9, wherein the sequence indicator is
associated with part of a picture. 22 OCT 2004 29 16. A nethod according
to claim15, wherein the sequence indicator is included in a picture
segnent header or a nmacrobl ock header of an encoded picture. 17. A nethod
according to claim9, wherein the video signal is scal ably encoded and 5
sequence indicators are associated with | a&krs of the scal ably encoded
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one. 20. A video encoder according to arranged
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claim 18, arrapnge n t he video,signal, according to the H 263
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according to claim 18, arranged to associate the sequence | ndicator w B

t he whol e of @%@ﬁ@f-ure. 23. A video encoder according to claim 18, arranged
to associ ate the sequence indicator with part of a picture. 30

The continuation fisld CONT, if equal to 1, indicates that the message data

associated with the picture message is part of the same logical message as

15 the message data associated with the néxt picture message function. The -
End Bit Position field EBIT specifies the number of least significant bits that

~ shall be ignored in the last message octet. Further details of these fields can
be found in the draft of Annex W referred to above.

20 The field MTYPE indicates the type of message. Various types of message
are suggested in the draft of Annex W. According to the invention one type
e.g. MTYPE 12 is defined as RPON or Picture Number. The message
contains two data bytes that carry a 10-bit Picture Number. Consequently,
DSIZE shall be 3, CONT shall be 0, and EBIT shall be 6. Picturs Number shall
25  be incremented by 1 for each coded and transmitted | or P picture or PB or
Improved PB frame, in a 10-bit modulo operation. For El and EP pictures,
Picture Number shall be incremented for each El or EP 'p'icture within the
same scalability enhancement layer. For B pictures, Picture Number shail be
incremented relative to the value in the most recent non-B picture in the
30 reference layer of the B picture which precedes the B picture in bitstream
order( a picture which is temporally subsequent to the B picture). If adjacent

pictures in the same enhancement layer have the same temporal reference,



24. A video encoder according to claim 23, arranged to include the sequence
indicator in a picture segnment header or a nmacrobl ock headqggoggyggmecoded
pi cture. 22 OCT 2004 30 25. A video encoder according to clalm 18,
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ggge sequence 20 indicator val ue assigne ref erence picture
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precedi ng deCﬁgedmr ef.erence pigture. 28 A video decoder according to claim
26, wherein t HepirEFacFHR ARG 485 JRESTESRYasts oige JALS YISy |dec DHALE is 2,
according to QGNTLE, aMERTHs bhe sequence indicator is included in a

pi cture header. 30. A video decoder according to claim 26, wherein the

vi deo signal is encoded according to the H 263 standard and the sequence

indicator is i I 0.t ni,al .30 Enhancenent I nfornmatjon of the

H265 bi 1 st an Msfershle) BbsoblRORET b ) eereating 2By “oier bR dhe
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significant 8-bits of the result of the incrementation Is placed in the data byte

associated with this message.

The invention may also be implemented in accordance with Annex U for .
20 H.263.

The above description has made reference to encoded video streams in
which bi-directionally predicted pictures (B-pictures) are encoded. As
mentioned earlier, B-pictures are never used as reference pictures. Since
25 they can be discarded without impacting the picture quality of future pictures,
they provide temporal scalability. Scalability allows for the decoding of a
compressed video sequence at more than one quality level. In other words, a
scalable multimedia clip can be compressed so that it can be streamed over

channels with different data rates and still be decoded and played back in
30 real-time.




31 32. A video decoder according to claim 26, wherein the sgﬁwe
I ndicator is associated with part of a picture. 33. A video e20l4
according to claim 32, wherein the sequence indicator is included in a 5

pi cture segnent header or a macrobl ock header of an encoded picture. 34. A
vi deo decoder according to claim 26, wherein the video signal is scalably
encoded and sequence indicators are associated with |ayers of the scal ably
encoded video signal. 10 35. A portable radi o comruni cati ons device

i ncl udi ng an encoder according to claim 1830r a decoder accor di ng to claim
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Scalable multimedia is typically ordered so that there are hierarchical layers of
= 10 daia. A base layer contains a basic representation of the multimedia clip
whereas enhancement iayers contain refinement data on top of underlying -

layers. Consequently, the enhancement layers improve the quality of the clip.

Scalability is a desirable property for heterogeneous and error prone

'_ 15 - environments. This property is desirable in order to counter limitations such as
constraints on bit rate, display resolution, network throughput, and decoder
complexity.

Scalability can be used fo improve error resilience in a transport system where

20 layered coding is combined with transport prioritisation. The term transport
priotitisation here refers to various mechanisms to provide different qualities
of service in transport, including unequal error protection, o provide different
channels having different error/loss rates. Depending on their nature, data are
assigned differently. For example, the base layer may be delivered through a

25 channel with a high degree of error protection, and the enhancement layers
may be transmitted through more error-prone channels.

Generally, scalable multimedia coding suffers from a worse compression
efficiency than non-scalable coding. [n other words, a muiltimedia clip encoded
30 as a scalable multimedia clip with enhancement layers requires greater

bandwidth than if it had been coded as a non-scalable singte-layer clip with
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meet varying display requirements and/or constraints. A spatially scalable

structure is illustrated in Figure 11. It is essentially the same as in SNR

20 scalability except that a spatial enhancement layer attempts to recover the

coding loss between an up-sampled version of the reconstructed reference

layer picture and a higher resolution version of the original picture. For

example, if the reference layer has a guarier common intermediate format

(QCIF) resolution, and the enhancement fayer has a common intermediate

25 format (CIF) resolution, the reference layer picture must be scaled accordingly
such that the enhancement layer picture can be predicted from it. The QCIF
| étandard allows the resalution to be increased by a factor of two in the vertical -
direction only, horizontal direction only, or both the vertical and horizontal
directions for a single enhancement layer. There can be multiple
30 enhancement layers, each increasing the picture resolution over that of the
previous layer. The interpolation filters used to up-sample the reference layer
picture are explicitly defined in the H.263 standard. Aside from the up-
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enhancement layer. In some cases, when reference layer pictures are poorly

10 predicted, over-coding of static parts of the picture can occur in the
enhancement layer, causing an unnecessarily excessive bit rate. To avoid this
problem, forward prediction is permitted in the enhancement layer. A picture

that can be predicted in the forward direction from a previous enhancement
layer picture or, alternatively, upwardly predicted fi‘om the reference layer

15 picture is referred to as an Enhancement-P (EF) picture. Note that computing
the average of the upwardly and forwardly predicted pictures can provide bi-
directional prediction for EP-pictures. For both El- and EP-pictures, upward
prediction from the reference layer picture implies that no motion vectors are

required. In the case of forward prediction for EP-pictures, motion vectors are
20 required.

According fo the invention, if the encoder is capable of multi-layer coding {for
example as discussed in Annex O of H.263) the reference pictures of each
layer are given consecutive Reference Picture Order Numbers. These may
25 be asscciated with the enhancement layer number (ELNUM) of the current
picture. The Reference Picture Order Number is incremented by one from the

corresponding number of the previous coded reference picture in the same
enhancement layer.

30  Asshown in Figures 10 and 11, the pictures of the enhancement layer may be

predicted from a preceding picture of the enhancement layer and/or from the
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have been sent of approximately the same pictured scene content, and all of
these pictures then share the same RPON.

10 - A decoder according to the invention, on receipt of a multi-layer signal as
described above, attempts to decode the signal in a conventional manner. In
each layer, each time a reference picture is decoded, the decoder examines
the RPON of the decoded picture. If the decoder determines that a reference
picture has been lost from an enhancement layer, the decoder ceases to

15 display pictures from the enhancement layer until an El-picture is received.

The decoder céhtinues to decode the base layer as described earlier.

The invention is not intendad to be limited to the video coding protocols
discussed above: these are intended to be merely exemplary. The invention
20 s applicable to any video coding protoco! in which temporal prediction may be
-used. The addition of the information as discussed above allows a receiving

decoder to determine that a reference picture has been lost and to take
appropriate action.
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comprising indicating an encoding order of the reference pictures in the encoded video signall
with a sequence indicator, such that consecutive reference pictures in encoding order are
assigned sequence indicator values that differ with respect to each other by a predetermined

10 amount.
2. A method according to claim 1, wherein said predetermined amount is one.

3. A method according to any preceding claim wherein the sequence indicator is
15  included in a picture header.

4. A method according to claim 1, wherein the video signal is encoded according to the
H.263 standard and the sequence indicator is included in the Supplemental Enhancement
Information of the H.263 bit-stream.

20
5. A method according to claim 1, wherein the sequence indicator is associated with the
whole of a picture,

6. A method according to claim 1, wherein the sequence indicator is associated with part
25  of apicture.

7. A method according to claim 6, wherein the sequence indicator is included in a picture
segment header or a macroblock header of an encoded picture.

30 8. A method according to claim 1, wherein the video signal is scalably encoded and

sequence indicators are associated with layers of the scalably encoded video signal.
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that differ with respect to each other by a predetermined amount, decoding received encoded
pictures, examining each decoded picture that forms a reference picture to identify the

10 sequence indicator value assigned to the reference picture and comparing the sequence
indicator values assigned to consecutively decoded reference pictures to detect loss of a
reference picture.

10. A method according to claim @ further comprising sending a request to a transmitter to

15 encode a picture in a non-temporally predicted manner when the sequence indicator value
assigned to a particular reference picture does not follow consecutively from that associated
with an immediately preceding decoded reference picture.

11. A method according to claim 9, wherein the predetermined amount is one.

20
12. A method according to claim 9, wherein the sequence indicator is included in a picture
header.

13. A method according to claim 9, wherein the video signal is encoded according to the
25 H.263 standard and the sequence indicator is included in the Supplemental Enhancement
Information of the H.263 bit-stream.

14. A method according to claim 9, wherein the sequence indicator is associated with the
whole of a picture.

30
15. A method according to claim 9, wherein the sequence indicator is associated with part
of a picture.




10B 10B 10Bs: ! 109B& ()-y8 109B& ()- ! x&O#10YBBE& ()-v3+! 1098& () -
1' v109%& () -\ $R}[ 9UI?d! vILO%U& ()-! Cp#LO0%& () -
1 109& ()-11"109%& ()-!3#)(10%& ()-fl"10%& ()-! I\/}2X6UJ’?d| 36p#10‘V&Qé_I) 0! 36p#10
o&' ()-0! 9Hs(0* 10%&' () - g! +s( 0* 10%&' () - g$| 10%&' () - ! HvIA0WNE' ()23
109 () - 6M 10% () - H36#10%&' () - ! 36#10% ()-"#10%& ()-Y 10 10
10/ " +z[ <uV7d! V+M 109%&' () -
@ 109& () - Z! @LV\MO%&' ()-y! HY& 109& ()-!kY&) 10941& ()-9P! 10%& () - +[ =KLM\Z} r g
=d! #109%&' ()-=,.10

10\ 8j 109 (‘g f@mafe@/«am(g)tolda"@“fow&erﬂn tiyp sequenee dpgiqatonip ineluged i & gicture
C) 10% (s&gtnenthédader or a macroblock header of an encoded picture
0 10%{(&' ()-c' @' 10% (& ()-'cr@ ' 10%( C(& ()-1#109 (& ()-C #10% (& ()-C kJd
2X6g\ =d! | x4#10% (} (& ()- 0! 4#10%/ (v(& ()-0! x@® 10% (& ()-! @ 10% (& ()-!" @&
10% ( & 17) - AL etod. hodsraiRh ! tb @aid0%) ifvhér%w( he wdé@%fi%r{a& i scdlably encoded and
" 109%X0X & () - ! I%O%)XOX&' )-# 109%0x& () - V(3 (
10} €} ( FEANBIE Inqicatersyg ggsqojated witn bayREe C{f)the 8%1%%9@0@% Mrse sigmgle () - c! kvst
10%<x&' ()-c! T@ 10%x& ()-{cdefsrpP/!L! "#10%<xl ri $109%&' ()- !di $10%&' () -

"109%& % \ 10xx 10xx 10xx!"#109%&x& () - ] zXJ</'L! 10

0| @pHBoud Midepxensodennamprising an mid% rwemng PsYidepSIqal reReEeNtingg 3 & () -

j kxM J<ebliénce of pictures, the video encoder for generating an encoded video signal comprising
temporally independent INTRA pictures and temporally predicted pictures, , wherein the
10 INTRA pictures and at least some of the temporally predicted pictures form reference
pictures for temporal prediction of other pictures, and the encoder is arrangedto indicate an
encoding order of the reference pictures in the encoded video signal with a sequence
indicator, such that consecutive reference pictures in encoding order are assigned sequence
indicator values that differ with respect to each other by a predetermined amount.
15

19. A video encoder according to claim 18, wherein said predetermined amount is one.

20. A video encoder according to claim 18, arranged to include the sequence indicator in a
picture header.

20
21.  Avideo encoder according to claim 18, arranged to encoded the video signal according
to the H.263 standard and to include the sequence indicator in the Supplemental
Enhancement Information of the H.263 bit-stream.

25  22. Avideo encoder according to claim 18, arranged to associate the sequence indicator with
the whole of a picture.

23. A video encoder according to claim 18, arranged to associate the sequence indicator
with part of a picture.

30
24. A video encoder according to claim 23, arranged to include the sequence indicator in a
picture segment header or a macroblock header of an encoded picture.
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sequence indicator assigned to the reference pictures such that consecutive reference

10  pictures in encoding order are assigned sequence indicator values that differ with respect to
each other by a predetermined amount, the video decoder comprising an input for receiving
the encoded video signal and being arranged to decode received encoded pictures, to
examine each decoded picture that forms a reference picture to identify the sequence
indicator value assigned to the reference picture and to compare the sequence indicator

15 values assigned to consecutively decoded reference pictures to detect loss of a reference
picture.

27. A video decoder according to claim 26, further arranged to send a request to a
transmitter to encode a picture in a non-temporally predicted manner when the sequence

20  indicator value assigned to a particular reference picture does not follow consecutively from
that associated with an immediately preceding decoded reference picture.

28. A video decoder according to claim 26, wherein the predetermined amount is cne.

256 29. A video decoder according to claim 26, wherein the sequence indicator is included in a
picture header.

30. A video decoder according to claim 26, wherein the video signal is encoded according
to the H.263 standard and the sequence indicator is included in the Supplemental
30  Enhancement Information of the H.263 bit-stream.

31. A video decoder according to claim 26, wherein the sequence indicator is associated
with the whole of a picture.
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5  picture segment header or a macroblock header of an encoded picture.

34. A video decoder according to claim 26, wherein the video signal is scalably encoded

and sequence indicators are associated with layers of the scalably encoded video signal.

10  35. A portable radio communications device including an encoder according to claim 18 or
a decoder according to claim 26.

36. A multimedia terminal device including an encoder according to claim 18 or a decoder
according to claim 26.
15
37. An encoded video signal representing a sequence of pictures, the encoded video signal
comprising temporally independent INTRA pictures and temporally predicted pictures, the
INTRA pictures and at least some of the temporally predicted pictures forming reference
pictures for the temporal prediction of other pictures, the encoded video signal further
20  comprising a sequence indicator for indicating an encoding order of the reference pictures,
such that consecutive reference pictures in encoding order are assigned sequence indicator
values that differ with respect to each other by a predetermined amount.



