,e3e> R6T> S., ~ h *@0001 * VIDEO CODI NG This invention relates to vi d.eo
encodl ng and decodl ng. 5 One of the recent targets in nmobile

t el econmuni cati ons has been to increase the speed of data transm SSI on to
enabl e incor poratl on of mul ces to nobil e networks. t he
key componeft®”8fful ti nedi mmmmnumwmmm LVI deo. Transmni ssFOHERY Vr’%leo
conprises a fairly continuous tfa of data representing noving pictures.
As is generally knovvn the amoufPBf data 10 needed to transfer pictures is
hi gh conpared with many other types of nedia, and so far usage of video in
low bit-rate term nals has been negligi ble. However, significant progress
has been achygpyed goDIN® area of |ow bit-rate video conpression. Acceptable
video quality can be obiained at bit-rates around 20 kilo bits per second.
As a result %\‘"St"l’ﬁe@t'%? BRiates 19 Vdeq erfedindAnd dpcefling15 rate, video will be a
vi abl e service to offer over channels such as nobil e comruni cations

channel s. A video sequence consists of a series of still images or franes.
Vi deo conr eQspmi thretaseastargets tﬂem@!etledﬁlep@m\umnivgti@mmha%mﬂmwriweaﬂad 20

per ceptual | yth'ersr&%leﬂ\b?%tartﬁé ﬁ‘llS%E gb%qﬂ&ﬁg&%ﬁon E)hﬁtuf rﬁ%'ﬁ{bdfé}si?éeé n video
sequences can be categorised In patt al specirta

redundancy. ®pmabbik netwdmad&)ne;pfmw ttdlrﬂpmntsedfat\ultunedhaUMQmalnMe@hbouri ng

I h f d . h I b
B eas o suckERer R STodrebe AR I AhubrEies Yy o1, kel | hood

of 25 object aepa@swang mgoviing ancprran GsSisi gergRalyl kriowa) [tR@ranfgunt of tdaa cur r ent
ressjion can eneratjng notjon conpensation data

:/\hn?cﬁ d(e:g&pl peededHa rRAgs eBﬁ'ngre%'se'H?%é‘P’gE@'ﬁgmnf‘ IR WPRS Phedideas of the

current and aAn@rsRVidUssdgBRERviddHan QbW Biftfatd rtegtﬁna@ K ebh aflighgie@. f rom the
previ ous one.' Spectral redundancy neans the correl ati on between the 30

di fferent coHowevele SighitiERRtsPragres das heeniashigved in tha aregiof log7ajkrage

PCT/ EPOO/ 067 3de i @émre%%b@dtamstmqtmg dpe Bbfafr rideal b@taqe?et ween

i mages WhICh 0 or o not utilise tenpora ancy reduction. Conpressed
i mages whi chawend@O kile ibits ger sasapdr Ak arreadh@fa*hwwwesmte wduptiarhoddt- ar e

usual l'y |1 e t ges are
called | ER%g? Bhwmgg(%njb@géw E{Oaﬁﬁéesr ?h'l’af‘%ﬁ‘é% a%r g‘%tte)lslémnay be
predi ct ed i ncemfnunivatichsocchabaelkwar d manner). In the | NTER franme case, the
predi cted (notion-conpensated) image is rarely precise enough and therefore
a spatially conpressed prediction error inmage is also a part of each I NTER
10 frame. Homevigeo sedliéhed eoisigtorgdrL3eiion of alindinayesialr yarhes. ackideyed by

j ust reduci ngothe redundal[?%%/S of the video sequence. Thus, video encoders

try to reducECPREsEAal msf tHBsd3geH t Nofe 9vitheo redinganee apd ch are

subj ect i y@l yp&fBptually irrelevant parts of video sequences. The redundancy in video

sequences can be categorised into spatial, temporal and spectral redundancy.
Spatial redundancy means the correlation between neighbouring pixels within
a frame. Temporal redundancy means the correlation between areas of
successive frames. Temporal redundancy arises from the likelihood of
25 objects appearing in a previous image also appearing in the current image.
Compression can be achieved by generating motion compensation data
which describes the motion (i.e. displacement) between similar areas of the
current and a previous image. The current image is thus predicted from the
previous one. Spectral redundancy means the correlation between the

30 different colour components of the same image.
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15 least inportant. In addition, the redundancy of the encoded bitstreamis
reduced by nmeans of efficient |ossless coding of conpression paraneters and
coefficients. The main technique is to use variable |ength codes.
Conpressed video is easily corrupted by transm ssion errors, mainly for two
20 reasons. ¥R P6T%  due to utilisation of tenporal predif<EEFSYT2f erent i al
coding (INTER franes)) an error is propagated both spatially and
tenporally. In practice this means thaty, once an error occurs, it is easily
visible to the hunman eye for a relatively long tinme. Especially susceptible
are transm ssions at low bit-rates where there are only a few I NTRA- coded

frames (the Yigadoshipéssioromettodt Nidiésly afitstehtiAeBatwid ithdgE WHidH 8ot he

tenporal error progag‘.ati on). Secondly) the use of variable | ength codes

i ncreases t her 4o 8ekpilispitepgral tedapdency. regietiona GempPw@ssest iraggas-whigh codewor d
to another oge @k @it WMRbrel SBGIIantPGeBEEBHCMel oG

synchroni sat?gn an IaI o) gergoges sugséqﬁentﬂerﬁgrh(-a?rgz%rgco ewg(rjccfs"ed
(conprisihg BERRA ar I-bamey whetassriempbsally prédictedémagsst are called)iMTBR 95

PCT/ EPOO/ 067 r o0 i r 1‘*5?.{1 [.ONi: ion code is
a bit patter%%\rﬂ?ri‘%%@g‘gnaﬁ?cyt §%ané€§n\g$%rf{eh% 'ﬁ\lr om E%?E€£%| Iéé(; P%l'cﬁl%i "o of ot her
codewor ds.) foneamf ot ihackwdrdr mahnerhar ncther INTER Sfravhe wiase) #ss ptedieted
transmission is.a relatively .5 high bit error probahility. This problem can
be- adar evsed(BPoFRRoHRah BaBe OB Srkl eriag” Inakat s hBIERS: ss1 on
schenmes. Howgysially Rempraisbagtedittichuehos e s BBotdpaposstadt INTERS
unlimted and fluctuating transm ssion delays. In conversational

audi o- vi $dal ra®evices, it is unaccept able to have | arge end-to-end del ays.
Thus retransm ssi on schenes 10 cannot be used in such services. Instead one
must try to detect and conceal the transm ssion errors. In stream ng

audi o- vi sual Hpeeveregefficisel sanaprgssiorheannoi ¥swually heoachirvedybynitigt feduging omewhat
due to the fggct poitial [ 0 S t of

ol ay- back. 1 eielAlarRg TR EWeB sed S0t Ty ShidorortBllrley WErtBh 00 ana,
i f exceeded, thehquadity sf thosamantgiafghd Videmusamuience dighl arg- SLegéctively theact i ce,

bot h rel}abl d unreliabl e, transport channel re used. i.r tri.eval

servi cesthv%agpgmor}hqk'aalgo c{jt,eo $§ﬁe vrf’?j‘é'bqaalgﬂs rt 3@"&8@? r?glﬁ{rﬁ%me'gan equal

[ rrp(r)]rtance t eedubed U owaps @ sffidientiagsisss conling tbfiddﬁnpileésiid”lﬂpafbtrielerk laﬁgr mat i on |
such as 20 pictyre ty e. NTRA. or | NTEL),, quantiser val ue and optiona
codi ng nodesc??fg‘f'e?itﬁvgﬁﬁwt?é’bﬁ'g“?‘ﬁio'F'SRé/@B ﬂ“d‘é’lt ?ﬁfFeﬁ: 263 relates to
video coding for low bit-rate conmunication. In H 263, the nost vital
information is gathered in the picture header. A transm ssion error in the
pi ct ure headEpmpygsised videocis gasily gorfunted biitanamissianeerears omaiyy {aidwaubsequent
bits defpgin 2FiRhg ! dePtd Bisaidn oPtémb&tatbddictd Id tial @omAgal
predicti \2/2 d%‘a]t‘sgﬁsent ilrg’l ﬁcodi r?ggml %‘i’n’tl)—ZnRof ran%sg, bl'lt h‘e&izér r gf;brg?riva‘é)r ggiggat ed both
spati al | y an(INTERpframes)y .anTaner, isapicpeaated Amih ceetiallyoand demperabipader
corruption i reyi | : ; , d an
NTRA pi ot ur Braeaes BT et el icPt SRt SLUIE PR dadfh GBIt RupR®, 02
request ed | NeRAfdrraameiativallilongtirge.c &specially susvéptdle 8@ A8 sRUSSIGHR0E/ 106732 4
annoyi ng pau in the received video ci al in real-tinme .

conver sat i ong%'r?/tleﬁt‘;’\v(;'egee 3%%%rgsqnyr?§% Hﬁ@?‘&ﬂg%‘i f}aﬁl‘ss I‘]tﬁ%ragsﬂ‘i's‘lsfo@roént nat ure
dependi ngsonINTRAGOde | fyames Swagd Wekinaten thactemiposali eabedprophgatioky, such as
the Internet etc transm ssi on befrrors are ty&}cal | y packet | osses (due to

congestion i FeRidhor keeysenghvayable length Gades J)FrERIRSItNGBURFEREDIY foh as

mobi | e net wogkss( evBien BHIEdrafite S codéwicra201ansitRRA oRé bP Hiferdrt Idngi,cal | y bit
errors where a "1' is corrupted to '0" or vice versa.
the decoder loses codeword synchronisation and also decodes subsequent

error-free codewords (comprising several bits) incorrectly until the next



10 To i npede degradations in inmages introduced by transm ssion errors,
retransm ssions can be used) error detection andlor error correction

nmet hods can be applied, andlor effects fromthe received corrupted data can
be conceal eq, |y retransm ssion provides a reason aé 0 protect
15 video dafvé)olé\}?‘%’gbgrrs fromerrors, but large round-tri papeﬁ%\é@&&;szsoci at ed
wth ow bit-rate transm ssion and noderate or high error rates make it
practically inpossible to use retransngssion, especially with real-tine

vi deophone applications, Error detgectiqn and. correctian hods . usual | y
require |ard@afbiﬂEﬁﬁﬁé?BﬁaB&EPﬁeQS§Y?3H®BSqﬁ@ﬁxﬁadsEﬁﬂbgﬁﬁ*ﬁ 3ﬂ#by to the
data. 20 Cosmmeatisabéneratedfrobosnmydiegalrcairbiraiioh ot etheptsdewdirds)y conceal ment
can be considered as a preferred way to protect and recover imges from.
transm ssion errors. Video error conceal nent nethods are typically

appl i cabl e t@Oné bpMBIHETeRIThAFICRITBLECSTUNiFIYE dats RHEMBSEK Y a tstveRNd bi t
corruption. 25 H,263 is an | TU-T_recomendati on of video coding for |ow

bi t - r at e Tonfighi RaEOR RIRPEMHItgendhifl PPUIRMANGAT ea afdiesseh Yo XABMKbps.  The
recommendat i pah3BRC hbiwRFk 1M [ RyefFBlrsdMissioRNinLRes derRdbS e the
bitstream Currently) there are twWwo versions of H 263. Version consi sts
of 30 the cotrewhagforf ishah sehemesris dpei rassibilito @f niplimiied sandHfledgatngr sion 2 is
an WO 01/ - 06732 5 ' versjion vi di twel ve
new negot i a%?%n%irgf%%%ﬁ}ss Fﬁ‘ZG%p%éggﬁér%e?nt% I‘i’/'\l’ﬁﬁ?y"‘gf s%rﬁggsr?ms'? - P’gvour ed
codi ng net hoglmcpeptpbie déal hbve langbendtorendedadays. afipisiretndnsomssiombeheendshe bi t

rate i s the order of.28.8 bits per ,second _an arter Co n

|t or ot cSHROPHER UpRLFSLoR B fRss TBYS4S B4 I Spiress Lot TRERl y used.
Currently thpeexapiissioridrorat 6 $taganihy rathdgeisu=ttretiavii s@viges, fieoducts is
around 64kbps and the ipage resol ution y be higher. Pictures are coded as
| umi nance ( YJansAussdb d@[;soﬁ‘?yd‘fa\ﬂf éPE}?(W@g?@HPo% H‘%ng@} teetpne npidial cB and

CR). The chrgifeRagCéeolischdid?s thé estaail pidy-dhckial HolvBeerlGné aaglimuion of the
| um nance picture along both co-ordinate axes. Picture data is coded on a
bl ock- by- bl ckgeeptablestransgussian eelry isdixed and: if gycesdedpthess i T annpyingance or
chrom n e. i r el 3 r | d
bit st re?n% i%ﬁ%ghgﬁﬁgﬁg@gb?%waﬁhipg%g%héoéglsreiét%%ﬁ ﬂr%ﬁgﬁbﬂé P gﬂr ayers,

whi ch are frahanbelstaoerused ingptrieldisekvidesyer, macrobl ock | ayer, picture
segnent |ayer and picture layer. The picture segnent |ayer can either be
arranged as a group of blocks or a slice. 20 A block relates to 8x8 pixels
of | um nanceEvary bhiroacompreasedivided bitstyeaim dedsanot haoa ah sigealdmportafic m y
guanti sed discrete cosine tr.ansformcoefficjents, i.ch are scanned in

zi gzag or der® {S'Fo%ec?g@(ﬁeﬁeph'"?g?fm[g%ﬂ%tbﬁse%@&ﬁewtaﬁhﬁﬁorgﬁga %CF S ari abl e
| engt h caglespictdfe baeh(@1BCINIRAG INTIER)euintisth valukbamd xption®fcddiig nance and-

the spatially corresgondi ng 8 x 8Tﬂ X%| soof t he two chrom nance, conponents.

In ot her wor'®89ethab RRHPERTK UskhsiTE§ magndation g.36gfelatascle ks and

the two spatifiidg/for W BRPAB HoRBrithicatiBn CH AWe3diid RbsnGRl Midthiagion ach | NTER .
macr obl ock is associated with a notion vector which defines the position of

a 30 correspddtoergg iartbe pigurehkeadsr.e fefaRsmipsiaR affer dh the piskiie dwadpe pi xel s
of the WD E:{%QIB/Z) %s@?ﬁ Qﬁgﬁi@&e@atﬁw&ﬁﬂé sLbddfiefB6rOBERANg mEe | NTER

macr obl ock d rrses c
25 picture content. Due to utilisation of temporal predictive differential coding

(INTER frames), the error is propagated both spatially and temporally. Thus,
a normal approach to picture header corruption is to freeze the previous
picture on the screen, to send an INTRA picture request to the transmitting

terminal and to wait for the requested INTRA frame. This may cause an



prediction error data for the pixels of the macrobl ock. Usually, each
picture is divided into segnents known as groups of blocks 5 (GOBs). A
group of blocks (GOB) for a QCIF (Quarter Common | nternedi ate Format)
picture typically conprises one row of macrobl ocks (i.e. 11 macrobl ocks).
Data for ea®™® W% onsists of an optional GOB header fol PEWEBRIMI3Hat a for
the macrobl ocks wthin the GOB. 10 If the optional slice structured node is
used, each picture is divided into sliges instead of GOBs. A slice contains
a nunber of consecutive macrobl ocks in scan-order. Data for each slice
consi sts of annQyingeP3sgdBrthe sesaivpskvidso. crapaciat in feal-Hmerastversrtiondl t he
slice. 15 Thﬁd@&ﬁéﬂ.fe‘ﬁ ba@yer data contain paraneters affecting the whole

pi cture area and the 8ecodi ng of the picture data. The coded paraneter data
is arranged in a so-called picture header. In QCIF format a picture is

di vided into o] S ich. S . IO . obl ocks.
20 Picture aﬁé?\%%?)gr béﬁjisc%%m!héa%'gfgﬂ;ekgigﬁﬁgvaettp%ngmgy%ﬁﬁ%n‘ﬁ’i’gﬂﬁ g% or start
code. No %t heetwoddenmacketeswimhéd gaetworkayisuciabs the iofergetdstc Woranksmiesionf or m t he
sane bit pattern as.the synchronisatjon codes., Thus, K the nchr.oni sati on
codes can beTREF? O “Y%??g‘%eéﬁ?sé?? g“e&gtcé’gg?%ﬁné'?ﬂewk Pa"ﬁ% r ofti sati on
after bit ergipu-swishédli ABfvdrits, tdieh \dsdRBbiIROABIVGAG! @h. H1909D! |y &BM),i n the

| TUT Recommendation H. 324 "Term nal for Low Bit-Rate Communi cation”

February 1998ansipissiAn gEPisAEe tXPicRY SR GHEI WP ‘¢ A iCoRuURied o BSPRVIERD mobi | e
networks. Whggysg H. 324 connection is run over a wireless channel, it is
likely that the received 30 bitstreamcontains transm ssion errors. In a
H 263 vi #o bitstream these WO 01/ 06795 PCT/ EPOO/ 06?32 7 errors are
extrenely ha j >eur lne ol et u ns,. : er may
prevent the 4<i:|-5en::g'l'oﬁérﬁ’fge g? S%éﬁgﬁ&p#ct'tr'g@ b oo QE&%frbgr é’éh%aisgﬁ eEﬁBcF:sfure
header s causeettanemiss®ns san deaisedpeircradétecton aidirertdnesgegtiont methwdar e used

as initial te ral di_ct,jon rees. .Errors i,n_an | i cture header 5
detrinentall 9% edlP ﬁ{e e aggiroge%%gir%di%ﬁg Héecé%ceeﬁ’ GPW%%%@ CgﬂdE%ach
subsequent ptordeaedl NNbrmdllyyreraasinissied grovided i eakdfddfe pvayt tor protéstcor di ng
to the inyventjon ere i s provided t hod of, vid encodi ng and decodi ng
2s ol i a1 Hiden el searin e pies. Bl B duindin EiacRpor Sh e o) <o
provi ded as pabifRfle transmMRsidRRMANASdSERI GBhigh efrof Fites FARE I iNBRALtGIyt he
invention introduces a novel nmethod to repeat |NTRA picture headers in

vi deo bi t strERASsbithitehuse TElRNSMIESIADI iagRBCIAN twithhdeqltiner videnphone
[ ecommendat | goiichlihs. NERBF ddfectioh 'AUSR RS IR 6 ernu?%eaaaré!ﬁargéct ure

headers in t Itstream If the primary pictur is corrupted, a
decoder nmmy tramsmissiopyovsthéadst singeatbey add: sdowodedundancy He iectdata

cont ent Son ThissyLINERK) O My LGRS AILATRA PLES VLS, Aeides LaRepbti on

nmet hod that uses e standard syntax dnd semanfics 0 erefore, all
st andard conpbonsiddredieaodar prefaredutwdy e pindectebhddrecdlerTlimagex|fashon of a

repeat of thﬁ‘ ic.tsure Qea%er y)c];e at rI ?ast INTRA—tfra S14TEA0S trilatI a
récei ving de BEEP'SYBRs *HBE: nedE¥art ﬂ/ ﬁ%‘/%ea{’gerfr qshe ai é‘ﬁﬂ?ﬂ/‘y send a
repeat requeapplicableh® aramemissioandror océirfing NBroigh ogacket dosserahdt bt r epeat ed
i nformation. Thus, annoyi ng pauses due to picture freezing
corruption.
25
H.263 is an ITU-T recommendation of video coding for low bit-rate
communication which generally means data rates below 64 kbps. The
recommendation specifies the bitstream syntax and the decoding of the
bitstream. Currently, there are two versions of H.263. Version 1 consists of

30 the core algorithm and four optional coding modes. H.263 version 2 is an



25 are avoi ded and an end-user shoul d perceive better quality video. The
invention is applicable to real-time applications and al so to non-real -tine
applications, such as retrieval services which nay not be able to respond
to | NTRA r eppsdckRguests froma receiving decoder. 30  YErRadeed9S PCT/ 1;
P00106732 8 The invention will now be described, by way of exanple only,
with reference to the acconpanying drawi ngs, in which: Figure 1 shows a

mul ti medi a nobi |l e comruni cations syste® Figure 2 shows an exanple of the

mul ti medi a cepBRISNbEVELEioR MRILVIHIRG Avalve ntewrrfsgaaébne Ebg.Hg%c?de%hQ%@caé he
typi cal data structure of a video signal encoded accor 3 to H 263; Figure
t

4" shows an eldapHiTentiyfong o '@80‘“@@6@‘(9”&%GP@!FQQ“@*BO@%@TQRWG fplomobitg gure 5
shows the dafeiehd Hebikafiod whBreE el e\t emescsrs&aégm Bit{ pdse@fnd O encoder

according to a first enbodi nment he invention igure 6 shows the data
structure of amwﬁdedﬁdnmqmdot%mgmaie Foarmati {QGY) mtmswé%)eﬂdéqmblmg to a

d di, e Fi h
Fecond SrBOCiS il uidie GOSN AL BB TENES 16 by BebblafhBApRL, oo
i nvention. 1productsiga®und 6&ktmsm/nddhagnaga ﬁelsolwtiangrrtahe)ecmgﬁem ion of a video

decoder according to a first enbodi nent of the invention. Figure 9 is a
fl ow di agram show ng the operation of a video decoder according to a third

embodi ment  oPicttes bt/ edtleld Qs lumind@cd Oy ) A1 twdestldur Riiffedendef (chRnihaneant i on wi | |
be nade with reference_to the H. 324 and H. 263 recomTendatlons However it

i's not the i AEBPRNERS {Gs 2RhCr)- (THE ChFRMINGREE Bistuses affesamRigd @t HAITthe t hese or

rel ated pgot peglusion bF Wlﬁnﬂnaﬁ@@?ﬁ:tﬁe%y&ig%th Ealotra.na@'ﬁe@@.ét@re data
communi cati ons system first multinedia termnal 1 communicates with a

second nul ti iseended: ep @ Black-by-pjogk basis, each block representing 8x8 pixels of
luminance or chrominance.

Each coded picture, as well as the corresponding coded bitstream, is
15 at"ranged in a hierarchical structure with four layers, which are from bottom to
top: block layer, macroblock layer, picture segment layer and picture layer.
The picture segment layer can either be arranged as a group of blocks or a

slice.

20 A block relates to 8x8 pixels of luminance or chrominance. Block layer data
consists of uniformly quantised discrete cosine transform coefficients, which
are scanned in zigzag order, processed with a run-length encoder and coded

with variable length codes.

25 Each macroblock relates to 16 x 16 pixels of luminance and the spatially
corresponding 8 x 8 pixels of the two chrominance components. In other
words, a macroblock consists of four 8 x 8 luminance blocks and the two
spatially corresponding 8 x 8 colour difference blocks. Each INTER
macroblock is associated with a motion vector which defines the position of a

30 corresponding area in the reference frame which resembles the pixels of the



a comuni cations link 3 and a communications network 4. Control data is
sent between the two terminals 1, 2 as well as nultinedia data. In the
enbodi nents of the invention to be described, the multinedia termnals 1, 2
are nobile/w rel ess videophones and the communi cations n ’ﬁ%@o 5, @ nobi | e
30 comuni cXA%AE et wor k such as a GSM network. The co t dhs link 3
WO 01/ 06795 PCT/ EPOO/ 06732 9 in this arrangenent is a radio link. In other
enbodi nents of the invention, the nultigredia term nals nmay both be Public

Swi t ched Tel e h T b b |
e e PR Palteb ey SR s hss oGk

term nal s 1, grefiR¥oberts@sla fétiths pirblsof thdMadBBlockat i on such as
vi deo-t el ephony or for non-real-tinme applications such as retrieval

services. Figure 2 shows the typical nultimedia conponents of a termnal 1

whi ch- conf or (Budif, ad? bicuFBes iR o SRARIGHES Rndlyt o LIBE bidbkgOn' or mi ng

to 10 H. 263) an audi o codec conformng to G 7 at a protocol
manager 39 c@iPBs) mﬁhgrquo of blozs (@OB&)fﬂr@oQClFa@@&‘terwnmeh\t@quL&ts si gnal

accordi ng toFE)ﬁ%éi;ﬁég r}éeg]gm EB‘ID?%?‘J' )or?e rplet |09I %@FJ&’%@' yepl gxer 50

conformng to required). odec 10
recei ves si gmabbfacbsm aData dleo ezapt GOB densiste off ahheptiopnMG@B Keadgr a canera

(not shown)) dln 15.and r elves Si froma renote termnal 2
for decodi ngf° ?l‘ﬂe %8?%;%&9%’“%” Poksygthin 83é§8di splay 70. The audi o codec

20 receives signals for coding fromthe m crophone (not shown) of the
termnal 1 and receives, Si E_gal froma renote termnal 2 for decoding and

r epr oducl9 on!f e aPtadgLRlise siurturadomods Buitspdopaghhriciues isididded intorslices

standards r eﬁ@fe%@%ftGDBQO\Aesl%b%dﬁﬁﬁé bbﬁﬁhb’e@ df @bnseeRivg Aatrdbiddkases only
and are not intended to be limting. . The control manager 40 controls the

operati on of sqarmeorﬂﬁﬁe%atéd@re%acmhcq Rensigiel pba slickcleater fallnwed HY daja ©r ocol

manager 30 apd hhGobHbld Bk ifce, demul tipl exer 50. However, since the
invention is conce?necﬁ (Rth tLe 25 operation of the video codec 10, no

further discussion of the other parts of the termnal will be provided. The

vi deo coglec r j.d | source

(not _shoty . T Eiiadarer ita ohin paRithertls"Sfecthd e wrobRade it °CLCH 3

frame is a sand the degdingWidne dickpé dutd The sadpdeperemeteneata israrmangedvi de t he
in a so-called picture header. In QCIF format a picture is divided into 176x144

pixels which corresponds to 9 rows of 11 macroblocks.

20 Picture and GOB (or slice) headers begin with a synchronisation or start code.
No other code word or a legal combination of code words can form the same
bit pattern as the synchronisation codes. Thus, the synchronisation codes
can be used for bitstream error detection and for resynchronisation after bit
errors.

25
H.263 is the video compression standard used in the ITU-T Recommendation
H.324 "Terminal for Low Bit-Rate Communication" February 1998, which
defines videophone communication over PSTN and mobile networks. When a
H.324 connection is run over a wireless channel, it is likely that the received

30 bitstream contains transmission errors. In a H.263 video bitstream, these



WD 01106795 PCT/ EPOCO OGr32 10 inpression of an inmage containing movenment.
Thus the sequence of franmes are referred to herein as a noving inmage. The
codec 10 encodes the noving inmage fromthe signal source (not shown) and

decodes a r%eq_l%g,g signal representing a noving inmge foéﬁ@kfﬁ} oy, ON t he

di splay 70 gure35hows the data structure for a fr or-picture) of
a video signal encoded according to H 263. Each frame begins with a picture
header 80, usually of around 50 bits. The picture header 80 includes: a

Picture Star Ref er ence (TR
formed by i n%ré?grredaﬁ?(éaﬁ%hép u@qﬂ h%%ng%gM ?‘hpm@]pe ﬂg‘;l’r%q? ‘gr el SUS r ef erence
picture (e.gmay- ;fre\aam)thelemdedm@pfdhe pjpture ctdm&msmE:xMrsoﬁ IBIITRpppldtm
non-referenc ct ures ;l nce t he rev1o sly tra smt d reference picture;

Type | nf orma "¢ PRSI 83‘{“1" plig B't"ﬁ%? FhHiAGYeS R UARE @8 he 15
franme is an ||ni‘s|'§RAerﬁ1p6me predietion I%EIR% r agrord e droNNBRAOpDickIE ddderr e (CI F,

QLI F etc S formation (P which indicates the DCT
quant i serg’to "%?3 ?ercf ng r‘é’é’tesB‘P”dt"PgeggFE‘f"djr aNTRf P’thr%vﬁ’}‘i’g epgld picture
header 80 i Sgiisehuér piitire u%ffi’alfy%reéiIE‘t‘édffr‘of'rﬁthlsslﬁlg'ﬁi‘ib!"'élct(:%JB slice etc.) of the
picture. OMng to the presence of the picture header 80, a segment header

for the first segnent is unnecessary. Thus the picture data 82 follow ng

appl | cabl ) Acarady B FLUES ReBAarRAT s WA b AGkTEnding bY ¢ ogrent
of the pict ud@d@%S@gMingadamemd(omirgs @bR:rivedercand & decader anext
cearmnt 0 R RBAIRL AR aghefiB: B, 00 (250 (0T o
within the 30 picture; WO 01/ 06795 PCT/ EPOO/ 06732
A first embodiment of the invention introduces a novel method to repeat
INTRA picture headers in video bitstreams, which is fully compliant with the
ITU-T H.263 recommendation. The invention introduces redundant copies of
15 picture headers in the bitstream. If the primary picture header is corrupted, a
decoder may use a copy of it to enable the decoding of the picture contents.
This invention introduces an INTRA picture header repetition method that
uses the standard syntax and semantics of H.263. Therefore, all standard
compliant decoders can utilise the method.
20
The inclusion of a repeat of the picture header for at least INTRA-frames
means that a receiving decoder does not necessarily have to freeze the
display, send a repeat request to the encoder and wait for the encoder to
send the repeated information. Thus annoying pauses due to picture freezing

25 are avoided and an end-user should perceive better quality video.

The invention is applicable to real-time applications and also to non-real-time
applications, such as retrieval services which may not be able to respond to
INTRA repeat requests from a receiving decoder.

30



11 GOB Franme ID (GFID) which has the same value in every segnent of a given
pi cture and the sane value as in the previously coded picture if the two
pictures are of the sane type (I, P etc.); and quantiser infornmation
(GQUANT) indicating the quantiser to be used for 5 the r f pi cture
(unl ess chall§d¥*¥bsequently in the bitstream. The segngﬁ%E 8@@2? 84 for
the second segnent is followed by the picture data 86 (i.e. macrobl ock
motion vector (if applicable) and bl ock data) for that segnent. The frane
data continu with se nt headers 84 and picture 10 data 86 until the

The HARRbE Aesty i

whol e frane nygation. be desernedy b yey i exgpie Prly hwith &ferancg e i s
then sent. |{o theldcchBpanyady drawirjys! Magén:t hat the | oss of a picture header
can have severe effects on the decoding of a picture. The decoder will not

be able to 159ymERRANMF aanuitgMedia mabie gp@muigationmsystkafw how t he picture has
been encoded gg'u\rlﬁé é?%ws%&ex&ﬁ@%%ﬁh@ﬁﬁt‘:lh%gdiﬁ"% Bnfdl & 4 yiRads” 1S
ed an or

corrupted, t ole of the data Is discar a request an | NTRA
pi cture updategminal;sent to the transnitting device. In response, the

{1 ozen on  NEOHIgen6RE T BrEAT s olie AR, BBt ABe b sfufbcy ona ©

decoded. Fi gtoid.263shows an exanpl e of a video codec 10 according to the

i tion. , _The vyi d i d t 100 and a decod
par ¢ 200, 25F BT BBPVHE ERADBANPrYCo e BRERERR NG FitgPPORIBR vi deo data t o

term nal 2, FiygreBa&hawsahe dlatd Beustindest fDdacodtd wWilidd sigAdw epoateseahbed with
reference to its encodin |l e. The encoder part 100 conprises an input 101

/ role. ¢
for recef9i n@”%OQWEE‘EPrg'PgF%F first smMbRdiment PhthENYANYR® source (not shown) of

the term nal Fibure%ss\ﬂohﬁhhéQi%tasmr&&m@Softéweﬁétﬁs%@e\ndaﬁ%agﬁsmodtgﬁ byN&RA- mode  of
codi ng and the 30 | NTER- node. WO 01/06795 12 PCTI EPOO/ 06732 I'n

| NTRA- node, €Reodgr aeeprding i@ speed emeodimsot oftoa inventignpanddi rect |y to a DCT
t ransf or ner i G I t i t it coefficients. The
DT coet £1 i NPT, &' 4, JBRCHREHIn  Houhe| 3he MGicharld B o YSRTEbAE !B, T
coef fi ci ent sac®wdihg the third erobodidentofdhe inveotiemt i ser 104 are controll ed by

an encodij pg nt . r f i,deo_c ich.alsa receives

f eedbackhgonfﬁgré gr ﬁfepﬁ@%r ggagfa\;ﬁn%ﬁc{m\g?%tﬁgl Opze?%'y%%né\gnas Y qaeot ﬁgc%.ﬁ%45
control nanagetordifig td b dirsd @rdbodintierit bf fhednvdnitien.quant i ser 104 i s passed

t hrough an inverse quantjser 1 d an itherse ransforner 109. The

.108 a pCT L
resul ting 107I94% 9 ds ey diporae g, (18e Jpperation. of (& Vidas 4e§eFeThy adder
110. I'n I NTRAccording to a third embodiment of the invention.

20 Further description of the invention will be made with reference to the H.324
and H.263 recommendations. However it is not the intention to limit the

application of the invention to these or related protocols.

Figure 1 shows a typical multimedia mobile communications system. A first
25 multimedia terminal 1 communicates with a second multimedia terminal 2 via
a communications link 3 and a communications network 4. Control data is
sent between the two terminals 1, 2 as well as multimedia data. In the
embodiments of the invention to be described, the muitimedia terminals 1, 2
are mobile/wireless videophones and the communications network is a mobile

30 communications network such as a GSM network. The communications link 3



node, the switch 115 is opened so that the contents .of the picture store .
107 are overwitten by the output of the inverse DCT transforner 109. In

| NTER node, the switch 102 is operated to accept froma subtractor 106 15

t he drffere en the signal fromthe input 101 and bfoNi4s picture
which is stor edml n¥vtehe picture store 107. The difference ggtga éff?put from
the subtractor 106 represents the prediction error between the current
picture and the previous picture store® in the picture store 107. The

predi ction efiak drianBEtheht 8RRARTRL. 1 BrRHBREbIRfbmS pi cture
store 107 |snt . ggﬁup argﬁ% by assrgn gg%gtso%hg%\%nh%tetnﬁuantl ser
104 t hrough md&lmed@rfseﬂlqaianmmbotmoaealﬁubllphé\Mlth s'léelfﬁmﬁnerblawmk mer 109

and adding t S 0 ure gre 107 by
adder 110, ﬂ;es 'ﬁnwh%@%ggt@?ﬁégc’%ﬁbg 41}&7%@6% "8%'"‘%&? "SJP 131 %?/ generate
not i on conpen@gtbecnPEaNanditimedib herndiadla The térhéngds d¢[2umay beased idHfealn a
conventi opal ., manner. 25 Th e_'f de cofef 100 Ir")rroduces It}eader nfornatlon
(e.g. a t2nplg)aRRYUEOD,ECH pg o hopy, or T fepdes! Em"hlﬂPB igatighs { he frane
bei ng coded, ggh 4S\VERRVENERcdd.ag 112b to indicate the node of coding

pertor nmed (I or P/IB), a quantising index 112c (i.e, the details of the
quanti ser used), the quantised 30 DCT coefficients 112d and the notion

vectors 1l12erjgife Qhﬁrdwsciﬂér ﬁrphﬁl rr‘rﬁElJItlmé/(‘fr)a %h%ﬁ%ﬁtspﬁé EBQ‘HI’\QIW% hies coded.

These are codéd and nul ti pl éxed toget her t he vari abl engt h codes (VLC)
113. The out penforgrs tOhlé38ﬁch@rterr§'n@lrmmnﬂ§B§|ap\rr®@aaocw0tw genfefmisg gmal s by

mul ti pl exgs ﬁoze Oah 'au&rofch?é gﬁ@@ﬁ’lﬂhﬂﬁ o pf 73 A daé‘é’tﬁﬁét%bl rﬁ%}ﬁ?EAﬁ?der Is

arranged ) sen repeats o |ctu hea ever rame. A
data store 1¢mfom1nmm§ﬂ60eappmldwatg@r éﬂmfm:ft@ltpmsasngdayacmmdgttta to be

repeated. In,t ur

header 80 an nﬁg% c§rit{o‘?gp %?%JJEQ{S‘P"‘&%%‘Sﬁ%%“%P%'\geE%Qa‘% ﬁgﬁpmgh@rlghgén ssion to
a receiVving dedadeoderi (BOTHURqUNed )e The dédecottideidt 0 ralelvek rsigriats fromna shown i n
figure 5. As I?’hown i n F| urefgl he. c Eéd si gnal '}eﬂi:?s th t he data for
the first pi¥AED GaBMEP JPVIchef Tiassmihieg. 2 Amera Malshpunerseditdied. The
data conpsi sgad dieives eignaR e eemsd tetrhifialdaior deddind end Ufsplayf’d?Qﬁ@nt 82 and
15 headers 84 and data 86 for_subsequent segnents of the first picture. The

pi cture headtmi@! ARD kSR 20.8bng aHdipiredet 21 reselyerignals fPheoding st
picture 510 fof thoRfroBRSRLAEt dowidbne 1dmindla dRARRLIOL BRRANTBDEader

having the sane tenporal reference TR as the original hi's repeated
data is foll cﬂmjebtprrnlaab2ffsrr eadodinguend rENPERCtnd by arlamﬂa@egm (822, 524.

Wen the nex Beat %‘1&%% 1I STH&%egan&J}ES g& ﬁecli:’ 1'(2 gbfn\% a#é‘&e{crnﬁ&‘? s

fol | oned by a re f the picture der segnent data
82 for tke | fdreremplanepwpeses only and are not intended to be limiting. .

The control manager 40 controls the operation of the video codec 10, the
audio codec 20, the data protocol manager 30 and the multiplexer/
demultiplexer 50. However, since the invention is concerned with the
25 operation of the video codec 10, no further discussion of the other parts of the

terminal will be provided.

The video codec 10 receives a digital input video signal from a signal source
(not shown). The video signal represents a sequence of frames where each

30 frame is a still image. When displayed in sequence, the frames provide the



Thi s arrangenent | eads to an overhead of around 227 bytes per |NTRA-frame
for a 28.8 kbps connection and a QCIF picture. 25 The receiving decoder
will therefore receive a duplicate of the header information. In this
scenari o, the decoder is arranged to operate as described in Annex N of

H. 263 wit h wobwde¥ce to the Reference Picture Sel ecti on {HREEPVHEHe.
According to H 263 Annex N, if a decoder receives two or nore picture 30
headers havi ng the sanme Tenporal Refergpce (TR), then the second and WO
011 06795 PCTI EP00106732 14 subsequent prcture headers (and their related
data) are i gitopreasien of e irdeaERtaiNNEUOVament. Thysithe ReauRnce Béframesages to
correctly de i ; t i K -t hus read
the TR of thi piane: © it 25eaNGinAe. o Badic (e REREE e HoBrby 12

pi ct ure headénagerlfrom the sigoajdeourée futostoiwmg and démdes ras receimeodsigealt of t he
invention will be operable wth conventional. decgder, although such an
arr angenent ﬁqr?sq{‘g'ﬁsrae@%\ﬁ?g 'i"?'?g(e?f@r @8?\@’ P %‘F'Sglﬁéc}ﬁnventi on. Conpatibility
is howeves provided. In the first enbodi nent descri bed above, the repeated
data relates _to an 10 inconpl et art _of frame and jn particular to the
pi cture head&M9UsRd § é“’sdéf3 alt%lsfrgﬁgreffqrﬁ g@’é‘&r@ﬁf"c&fm} ﬂ%g;}"cgﬂ%?'gf‘a'A decoder

accor di ng t o ghb®iddnycardind td Pereal OEBcH Gaffel Bedife with &5 pidkfe Pealiée@t ed data
by detecting that data for an mcong)lsete frame has been received and uses
c

stored data HeudllyrEuUdS0bits, Thepicture hgader89desivdasibodi ment of an encoder
according to the i py&iteigit ngggﬂggrforgy%%,{ié gRs are added to the encoded
rame

bit stream Such a redundant f s not used to bring any additional
informat 16n t o t ha TempemtiReferdned &) femmpkby incrameanttiogdhe halue @fl TRdiant f r ame
is used to repeat ' ] of . eyi s, b r
redundant franes %‘%ggr&%%ﬁyPgevﬁ%q'\gfedr%gcebg"fj@{ér@ea% Iby a rgénact:&gggy-gg%cor di ng
to the invention. plihethpr esmher obf skippead ondeori-referanes ipictecepl sioce | fhesi gnal | ed

to a decoder or the dec'oger ng% use irrgl %)c?it.char acteristics of the
redundant frames PEVEHEYIASRECH rYEMICE PR Such redundant frane. 25
Figure 6 shows theyde mrarm@ticd (RICYRE Eindicating iagivnlg cthdrmibingdywiséthenmeder
accordinq to the second enbodi nent of the_invention. The encoder is
arranged B0 gener %2rge i an JeHA dramegenRm N TER dames the formal ofdhe RIgtWieRA 1 rame
610. According todi268iF &St i ve conpressed pictures cannot 30

represent the sane unconpressed picture unless the Reference Picture WO
01/ 06795 PCT/ EPO0OR08MERr néormatior (F@HANRRIyhiphtidicatessbe BtTeauantigerct? N). The

second enbodi ment b?Lsédﬂ'ﬁrh%Vr@QttéfQﬁe pﬁﬁﬁ?_not rely on RPS being selected. In
e S

this case, the picture header only stored in the data store 114. Under
control of the control 105 the original picture header 80 is altered such

Lot L e8RSl o BRFL &l By I Y 02 B B0 (ST
| to P and t Bicel&cf)i aflthe ipkturac@wiagtiedhe Hreseccadf thie fiftbreahsadeseos aa fi el d
B o e L0Bes M T Se e RS T PSRl 2 ©
flag, which ige feiRjwindthegsidé@thedber 80 includes a macroblock motion vector 821 (if
applicable) and block data 822.
25
After the data 82 for the first segment of the picture is a segment header 84
(e.g. GOB header) for the next segment. This GOB header includes:
a GOB start code (GBSC) for synchronisation;
a Group Number (GN) indicating the number of the GOB within the
30 picture;



10 a macrobl ock that is INTER-coded and, when set, indicates that no .
further information is sent far the macroblock (i.e. no-change). Subsequent
| NTERf ranes 620, 622, 624, encoded in the sanme manner as frames 520, 522,
524 shown ingEuPls 5. are transmitted until the next | NPRAuhidih,610". 15
According to angt zer enbodi nent of the invention, redundant rarre% are
included after INTER-frames as well as |INTRA-franmes. The redundant frane of
repeated data 612 contains a picture hdader 80" of around 50 bits, 99 COD
bits (one for eachdy rlhf BSHST QAR | &l & [ o] r and sone
stuffing bits to make up an ﬁ nt e{;eir:h n('tj'5 éﬁr@ %@ﬁ%ﬁg R’o&gy %%‘%rgtoﬁ)afrarre.

Al t oget her such agived pictiratantirthesamgpialies as incthegirevisusly cddedopicese idnd t hus

adds around 8% of ,,qver tre for.,. a 28.8 kbps H. 263
connection and a ﬁ%l °E’?§€'&%§FéQ‘ﬁ‘!“g%%%ﬁ#eea@%sﬁdea plies only if each

| NTRA frame and eqedntisdfiafrinatiore(GQUANIpindizEtht thetduaatiserdoibd ased 2d&r f r ane.
Clearly the overhgad may . be reduced if a redundant fra i s, encoded after
each I NTRR franme Bi§IT§St %ﬁh?j@'gt(‘:'f‘? SRichAngesk Bbsrayently 'W%Lh‘tégeﬁ“)ind 6, the
repeated picture header for a frame is provided subsequent to the original
data for the frame of a 30 picture and prior to data for the next frane.

WO 01/ 06795 Therepmenddieads3d4 for therspcend saement isdrliqwrd brdbri@ictuiel | now be
described. Th HiRAdbibsk Ref&H it enment al
Enhancenent |n o?ﬁgti on fi e?d (Anne;éalgra%][%ﬁl%&) 'Icﬁgblgﬁ(d%‘%}?%)ﬁvgﬁ%bl es
repetition ofsegeenti nhpifame dal ¢onfindes with hegatent heagere\84oard picturere in t he
suppl enental : ! i i I ,

(P ot ur o Pay P RERRATH, whBlertaFiy haPoch EhithaRl, GEH hallerBOTHLE. o ¢ ey
are i n dangemesfframee isgheosentpt ed at the sanme tine as the picture |ayer data
itself.) 10 The inclusion of Supplenmental Enhancenment Information in a

pi cture header is indicated, according to H 263, by a flag PEI. If PEl is
set, this indiw#thescibdrato = tyzdler RNty loss of argigtlirconedder canshave saverg- bi t
field PSUPP. A further PEl indicates that _@u;;urth r P,?UPP field foll ows
with further "—’lﬁﬁ%r?l’httb%rﬁe&ﬁﬁ'"go"fpﬁ.p'EtS’r%ec dec _'cW"dBOtnBFSQ!%ﬁBrt the
ext ended 16apahhétrbniss taid GidthRd wilPnd'knew Hewath itddrlediiAthde &hcadad d PSUPP i f
PEI is set to 1. This enables backward compatibility for the extended
capabi | i ti es 96f ) eipeConventionall, whepithe pickuerhepde tis aommeied,dbe wholetf ext ended
capabi |'i ti es ygagadlis Qisbedes aAd W bt 1@ draNERARIcNe GRERIR! St (g do not
support those ca%git_l);éllisti‘es. 20 A(nﬁex L of H 2_63“%1es_cr| bes thgy\@oﬁmt of the
suppl ement al tanbmitrendevice.nfio rasnanse. thentrarsmiting degigprradee|alfremet ine pi ct ure

| ayer of thi Q0. C [ hancenent

i nformation ﬁg?ﬁﬁm%]gg& itﬁglggﬁ,gﬁaﬁéﬁgeﬁ&aﬁodé% ]t;1i %rtr]lgfé ﬁﬁf’)‘gkmmﬁ‘% Hg\gr ted

bet ween 28 eVNTRAaoted defa iPBidRvedatnd.dethded?SUPP dat a consists of a four-bit.

function type indication FTYPE, followed by a four-bit paraneter data size

specification DSIZE, followed by DSIZE octets of function paraneter data,

gpti gnal {/\% fCFiid;tﬁstHWVSam]?bhahpIBbefaJﬁdéb @adécyp}e abﬁzﬁi‘ﬂmgttblctﬁe ientise on. A
ecoder ich,receives a function type WD 06795 P EPQQ/ 06732 17

i ndi cation \/\/Eﬁh@W' 80 GpgEs cﬂ’af’”ﬁ?pﬁfb?'%/‘%gﬁﬁp%ﬁ é@i? ?ﬁ@c?%@ﬁft??%/opar amet er

data for that function and then check for a subsequent function type

i ndi cation which may be supported. The FTYPE val ues which have been defi ned

are show?5 n Gawsidering thedermingbt as frapgmittingoended videss data &o el Rotewoul d
require S sorgpefdiBAIné QB &tek 19 will ihP be HsRE L& WY FtefdriRe td-itst Ne
definition of "a new function tlee indication (FTYPE) 1 n Table

encoding role. The encoder part 100 comprises an input 101 for receiving a

video signal from a camera or video source (not shown) of the terminal 1. A

switch 102 switches the encoder between the INTRA-mode of coding and the

30 INTER-mode.



L.1 of H 263 e.g. Entry 13 - Picture Layer Data Repetition; and 2. the
inclusion in Annex L of an explanation of the effect of this 10 FTYPE code
e.g.: The Picture Layer Data Repetition Function shall be used to repeat
certain fiel he coded representati on of the pictur ta of the
previ ous pi cv?(z(rng{ﬂ#he repeated fields shall appear in naﬁtﬁgg‘%‘ﬁ(g?ﬂ?acti o
order beginning fromthe Tenporal Reference (TR) field. In 15 other words,
if the PEI bits were renoved fromthe ngpeated picture |ayer data, the bit
stream of the repetition would be exactly the sanme as the original bit
streamin the correspondi ng position. The DSIZE field of the SEl indicates
t he nunber ofn INFFYARtredebtheaddeassi@ il Fanetpedhputd 04ds inpus direstlyrteedDCDr f ut ur e
use. The pictur d i nf or,mation then. 20 foll he ETYPE/ DSl ZE oct et .
This pr oposehaﬂif?&@% ﬁat Wﬁ'&ﬁctea SIPNDg g 88&‘3@8?‘@ 'Hgﬂm@gtrcméﬁeé%w A the
previ ous enbpdTresdficiadite nare ehow @assed fo @ohtiaHiet 104 GihiEle doarkks, thei nce the
recovery cannot_take %ﬁgﬁpunt,g {RI,}? begi nni ng of the next picture is

recei ved. ° 25CPEfliRigRts: PWiteholfr and Bie GantisefetQsarie qoé‘t’PE?ﬂ B¥RNy faster
than real - ti BRcoHintE Tofiftblanidnagsresi et videaStoddc MAKH LREE rdcalves. the
decoder is likely to be able to recover the tinme spent for waiting the next

pi cture to afeedback epnpirghfeny thedeeriying terminsal @rvnneans ehibedbr4dcentreli ng t o
the third enfpg 3G+l it : ay.t ' i.qure 7.
Wth' respect TEho0R, 0 e 5Hi SRFEL PR PeralBrlig s s nishtuble TSR,
header ref er nversepliuantiser 1G8 and du invense d2dT riganSinppee @9t aTheErdsaliognent

I nformati,Qn 0. t. | e . JThe unc ress Lgnal JiSghnput to
t he enco Qr ?%d%eég?b%tﬁh;et%ﬁﬁ%ﬁ% p}cllfrgsltj e/%@i*%y ?‘g‘{éés'égnﬁ'?w?%%‘gorithm
deci des whet hexdet thecavdiehor5tie opkngd ao teat tthes obrtentsrodmee picQie stdré 1@7frane i s
going to be coded, the picture header. is c first 4). The picture
header is al 8§ %‘féé‘f’ﬂ%e't%g’f q”&%&?&'%’t“fﬁrﬁe %%S{qrq@h%lpéz(? an three picture
headers are needed at any nonent, nanely the header fromthe current

pi cture and theﬁ]headers fromthe two previous coded 10 pictures. The

encoder det ethiMER (MAst) highevikesy 10%is earased 4o gseerf fram BesUbaR@EdOPn thi s
Pi CLUT e GO it belifodh 8 kil lofit ieBhpRaRPF a0 o 18y BLE biiFeheader s

of the current and previous pictures. If the G-ID of the previous picture
al so di f f er ewhichomstated @Ftie pitturehstopd 40 Ur Bhebdifferamce Itata pUtpOy fromrtbeneeds to

repeat the pLGLHIE MRRIEEBLnik . BFBIhON 3Dl SLMEEN % AbrNYRRAGTERL
Enhancenent ['niornation. erwi se, € recelrver can recover € picture
header of t héthepprevioas pigliret stored(in B¢ pirsunagstotee1@ | Dhefpredittiver edrdreiscur r ent

picture or t jcture ecedi ng. the preyvious picture. Fin , ot he rest of
Phe i ot ur e PLTouREe S5 SLaRiskly EHCHHE Foaieths apuEY 1§ i he

begi nn: ngo ( 70ﬁdatiaa(by'ﬂae?]inggleadeﬁ clp.itputthyahée;adlﬁniselrrgm hierougip &ted ivglenset hout t he
PSC. Alternative t er cou i pu e systenmatic
error-corr ecﬂP‘Wbt'%BaEg aﬂg WREE; [gcgsﬁag?f?’gg?'r g(i% nggll@ag){ﬁ‘% FSHER9t hat k
first symbol ga@r® thBecontdnitabf He prRAEFESGRraND7IHEabST 110, thEewi¥ihabs are
used for error checking. In this particular case, k first bits are the

pi cture head8pindsmesadheArmaionestimaionll s raaweoeneiatennotien campenspicnent al
Enhancement  |of;0rdmRiiePdath th @?epié?%tstérﬁﬁ@?-in gi%taﬁ%}\{foﬂél! Manrddre Sel ection of

the error-correcting code affects how many I nVersi on errors can be
det ect ed2and corrected and how many suppl enental 30 bits are needed to

provide thi S 16 rv%eopc!o%teﬁ%(i) ngduces header information (e.g. a temporal reference
flag TR 112a to indicate the number of the frame being coded, an
INTRA/INTER flag 112b to indicate the mode of coding performed (I or P/B), a
quantising index 112c (i.e. the details of the quantiser used), the quantised

30 DCT coefficients 112d and the motion vectors 112e for the picture being



WO 011 06795 PCT/ EPO0O/ 06732 19 In the enbodi nents of the encoder 100

descri bed above the encoder has been pre- progranned to send picture header
repeats. However the encoder 100 can be arranged additionally to repeat or
refresh the gl gf data in 5 response to a command frongﬁTge&% :
Additionally or alternatively the encoder may be arranged to send a repeat
pi cture header every tinme the GFI D paraneter changes state. 10 Considering
the termnal 1 as receiving coded videt3 data fronrterninal 2, the operation

of the vi deocadé@esrhégeaeﬁéqrdabagaﬂoonm?préx@u%bb@r@r heneérv.é%rel i bed with
reference to its decoding role. The termnal "1 recéives a t1medi a signal

from the traeedert(ViGy11&r thhezputput of ibe agodari ipitkere mulsplaxeduditti pihexes t he

mul timedia s ﬁ;ﬂé% pdenul tiplexed signals to the 15 correct parts
of the recel%/I H&]L bgm{” e v?geo data to the video codes 10, the audi o data

to the audio codes 20 and H. 245 control data to the H. 245 control 40. The
decoder 200 e, Vi ecodes. the encoded vi deo dat nver se
quanti sin 9e€r§te &%?8 Jﬁ q% t%f‘;h 'H&e@rﬁ’a it |68ﬁ°c§%n‘ﬁe?f§%ﬂq %[ ﬁé (Hat a. The
decoded vi denapéarsaoﬂtaetprmmeqwamut after empnwmtfmﬂeqmdetaﬂs@aé ay41® 20 of
the receiving term nal ure 4, the decoder part 200 of the

vi deo codes “?f?fﬁ’p?rpg'ggd éo \‘7'?9:“? é‘ﬁ”ﬂ%orﬁﬁ'%gtgﬁ data: tnjke rensptedin In e fisst

quant i ser 228mbadimieRY, o @vBSTINTRA Fhd Ethe ZRdture® hBREOB0 AP BRS AfsPr 222, a
picture store 223, a controller 25 224, a tenporary picture data store 228

and swi t chesSEmUEThai d2i® 82Tare teprated) Tok trapsmissiepciove Jecqiving desaeer- cont r ol
signal s f@”“ﬁ%soﬂh@%‘ﬁgoéérmﬁd?@dﬁQWﬁ\%(*o L[s \Uiigl'sf?g fé geam by the
e 0. o)

derul ti pl exer I'n practice t contr the encoder and the
controller 224 of the decoder may be the sane processor. WO 011 06795

PCT/ EPO0/ 06732 20, E0H! 8! h&! o2 ggnsrhﬁﬁgderﬁ%ghﬁgﬁom&h egrity of

the received ror RS pi Cture e picture
cannot be depiotbes SaDdof thel mdéo csuynal et iy frame is INTRA cmdeduplreel ddteat it is

effectively |ost. fir nb of, th 0 Wi | | be

descri bed. ﬁ°’HB’r‘Sﬁﬁ| hSpB'r"@t‘f‘? gr?fg?rhgsdir& d’@fa %UOE‘F g’é \?ggmé’HE%gean%lata The
Vari abl e15en§ééudaee@cmrd da\t’h@ﬁ 21 Subssn@as s V\%}rﬁeﬁtewltw@drﬂ’@ﬁ(ﬁuﬂef\ e at t enpt
to reproduce the original frame structure has a format such as shown

in figure 3.Piglse he eréosaégsi the data B4yop the trsteraspend of the st RigkERIeY0 dat a and
the control | gfe 4 réfitlatsd §s bR 5'4@ Rl&ﬁe'éé@te@t;ﬁdt@re%@eﬁ Fafing Md sdrhe t he

recei ved data. The controller then uses the infornmation within the
pi cture headt@mpagaldeterense T%@Sﬂh%erlg'eabfu%mer s'fé!rs repeated Hatais Hlipwed 230.

Wien the PT E}Edbﬂ\ffBF Q@Séeﬂﬂehﬂ%‘é@i@ gr\‘\r[dlngs'?%d B, 5bAe Vil 8 e | S

opened and the output of I nverse 1 1s I'nput to the picture
store 2230 V%éTRAﬁemPTS(P@adnfhﬂdﬂia 107 fomfd)ecfmwwlomdlmaeﬁ@ t he

sui tch 230 1 5l 05800410, SR SIS0l b B IS ThAIGr2Zyr e added to

the output o I nverse vice eco pre n error) by
adder 234. If the decoder is unable to decode the flrst pi cture header, but

bl Lo O R TbaR BT JB R M NS o hFRATERS O he
for a 28.8 kbps connection and a QCIF picture.
25
The receiving decoder will therefore receive a duplicate of the header
information. In this scenario, the decoder is arranged to operate as described
in Annex N of H.263 with reference to the Reference Picture Selection (RPS)
mode. According to H.263 Annex N, if a decoder receives two or more picture

30 headers having the same Temporal Reference (TR), then the second and



t he decoder stores this data in the tenporary picture data store 228. Wen
t he decoder receives, decodes and identifies the repeated header data (and
the first segnent data 82), the decoder then uses the data in the tenporary
picture store to reproduce the rest of the picture. 25 Thus) if the

control | er MWU0IP6WEE not detect a PSC at the start of a fP&AEPIHETRt her w se
determ nes that the picture header is corrupted) but does detect a segnent
header (e.g. by detecting a GOB start gpde GBSC)) the controller 224
changes the status of switch 232 such that the data output from VLD 218 30
is input to B¥kseauaplopigiie fieadgrse (ang dheik gelatepadatariarg igaemdwby thgt art from
the = VO OL/Q6dsfer PEHLERPA/ EdiARg Abotlfd b RhesSCoraUR ALAER thagi(LD W ! |
not be able to synchronise to the start of the picture. Referring to figure
5, let us asecswsrenpatof thepigtite deadera@nddhes read thecTRSBEIS heademethaeader 84
for the seco s ¥ d i he t rary

pi cture dat aﬁg%o??g'@gggn? L%Eiéfao g@%ﬁﬁf%&@%&ﬁ%%ﬁA oﬂnq\/\%r%’selﬁ&é)&ert he
header fo% thecosdiogrd theditetnembodiment of theénveatiandiils bgnaperablé hettheader for

the third segnent,. dqtdal far ttﬂE tg%rd searrent etc ?f .ILra 5&0.. 0 If the
| ost | cor r upt SY5NEERA 19789 ABRYSH 5B €8 UrPnokmsat MiILAR! resll HebP data
recei ved by bbgefi€etifieinwntibn.t bempatbity RehdWiwver pRwiiedd pi cture header and
first segnment data 512. The decoder receives the data 512 relating to the
repeated picture header 80 and repeated first segnent data 82. The

control I er dgf @fd first indddimem ddRriba&PeRbes @at r%pégtgg dfadelatdetdG¥PE Tiel d

in 15 the header and then instructs the quantiser 220 as to the quanti ser

to be usd@ aingovptate pawiiof afrapgoandinmastssiaséo the piefurerTegoer pndthe dafat he
header i ndi cgf.i f i res J i:nf tion
(i.e. ther egééatﬁgﬁ% % ségaégﬁfg pc'ﬁ-[lmt%heﬁ\d(?'ﬁé:;et);delI g‘éc erglgggtéetﬂ? 'Itqnée”tilgﬁver se
quant i ser 22henefdre tetettBUTe presentooimepRatedriata hy détecting that dptaafoednf i r st

Gecoder T ocoghPuEe? et pad SRS eeeie) SFEu ifedbilolabl #6 I"0n

a picture hegdme. 80 foll owed by picture data 82 for a first segment
foll owed py a picture header for a subsequent frame, by for instance, the
decoder d8codi ng 25 the repeated data 512 and then detecting that the

subsequent siphlset@fttembodifentofthd éfioRiBF aédoriiRg ito the ihvaitBnDRMundantr esponse
to this detection by the decoder, the controller 224 alters the status of

switch 232 s¥idrodfaates; aie agided te thmenqosed bisiresimor Bch A redindaehfiamar y
prcture Store 28B ussd o' Bl ey ! BRaitighae TiSrAsR ko She dahsAlttbd HRIebDCT
transform 221. The decoded data I's then out put WO 011 06795 PCTI EPO0/ 06732
22 to the pi seguencet dnytead the wdupdrit drameeissad darepast thenpichire headerst or e
with the,pres £ 1) e ‘&9;5 i I i oned
above, i r216t hrgf ?lprrés\{a&esgﬁq)%g%ngﬁ o?ué@%‘été%@ee%%%%géel lr1°§&’?ﬁeh°§§§§g§%enti on,

t he decoder dgheansoddreaccexdaigip tid inxenteme athecprpserncerat alredigetanbiramet ect i ng
the occurrence of .a, picture header which is_ not,followed by d for a
whol e pi ctur & (eé(.plj(."ﬂg Sd?'b"‘}"ﬁg e?q‘ il I%%@ﬁerbfrdmea q‘egpd%rnénasyed'#&n%@fc'tt he

pi cture but ghareteisticsCbhéte vaundantuirembe to sdsdedtthd gfreséncehef mequehi ti on of
header information. 10 As explained earlier, if the decoder is able to
decode the fFedHPI8AYTaBerectiy, the decoder sinply discards the repetition
of the hegder 512 when the signal is formatted as shown in Figure 5. 15

Figure 8 shows a flow diagramillustrating a nethod of operating a decoder
accor di ng t o Figwse 1§ shpwenihediraming sifuatyye Phaepign@noutput Y| §n (@N6BYeR he

decoder 200 gggr% t @ YRradeort RRHREht SHOBR] iMXnflECkTHY dnboderPisCt ur e
start code ( |§ t he next coge In the rncomng data. If the picture

header is deemadged thgenerateipnddsendoz)reduridant flameobl 2rafter eael INABA) t he
picture data BRROBIG Aol 18 1136, ESGBLAR SGABRRLGY BlordrBE Bhfbt @ 11

the tenporary ure ore
30 represent the same uncompressed picture unless the Reference Picture



Various ways may be used to determine if the picture is corrupted. Sone
exenpl ary nethods are if the decoder cannot detect the PSC, or if an error
25 detection nmethod (such as H 223 CRC checksum) indicates that there is an

error) or ifyo3esspd i kely paranmeter is found in the pi Ct“ﬁé’riﬁ%&% (e.g. an
INTER flag is set wwthin a segnent header when the coding type of the

pi cture header is |INTRA). WO 011 06795 PCT1EPOO/ 06732 23 The decoder 200
t hen seeks the next error-free header.A5If this header is for an | NTRA

frame, the drfQssh (RPSF&OB@lsdfé?&Q@dF] e&rr\ﬁmel'helsfecbﬁd bl%bf)@i\’ﬁ?ﬂ\t BP@'E sonme of

the picture segnents are m ssi n% e correspondi ng segments o
previous fr nentier doeadot el @t Ftseﬁp@gaweqjmzt drlethl§tcﬂrs@ piri) miuredecoded

o T ool oeafer P tsceloRiuth e plieidels Al ARG dofudbr AT BRIAER, e ext

data receiv dec er w ore be the repe picture header
and first sélgpreﬂgindanltau&llmadﬁh&d@awed s el tohe $he( né)B)pldtthre headeuB®’ header

(a06) tndr ohiCsttiak it of BERY A frohs s Rhfic hfanal W PEEGS o™ ne ©

decoder t henyptetodre RUYI?EOfBéIdtbecldﬁgaderomed tbNPt Bed ttABPPRAfigIdPisCt ur e data
store 228 on the baa sl, E(S%geat ed gl cture header. Normal error
conceal ment MEERANGHe s e "E"H W0 alspsetp (ﬁe@&ﬁ:é’m"héf‘q'%@smqtﬁhﬁ% he

pi cture whi ¢lashsaem ﬁé'c‘h@ﬁgé ft@fflhé rd%f@"fﬂrsﬁhle%h&é AR dINNE. 23" i fields 15 is
conventional, the decoder "@)F/’ al so send an update request to the encoder if

the decoded Mqlygdns a Sodeshiag @&kt"&fbcaé'lof‘dﬁ@&)é’agANblé'Mﬁeﬁh'@n%Peﬂb@foder on
recei vi g an hﬁemeﬁttﬁatf.%qm&Eﬁf%dggha%e 2oe§ é‘é%nﬁnhlégﬁesh@a{ nb¥GrtA&SSi ng dat a

has been lost I n transm ssi on ecoder woul request an | NTRA
picture r equaafgtmatmntlhéekhf@wthmﬁﬂ@blocirms mr@ngeﬁesumwi INTERY t he

i nvention c { I i a th the

i nventi on. secon %?r%noéc#l ?D%%ﬁqﬁt%éegﬁh rr?a dﬂﬁ@gg%ﬁﬂhgﬁné\%ntl on wll
now be 25 dekownlireBiguidl§,are thesmitted uhtil the ee;grluTRAdramt 6t@l. as shown in
Figure 6, if the decoder is unable to decode the original header of frame
610, the decoder stores the remaining picture data (84, 86) for the frane

in thg tgerrpwwbwmy' (i3 uaneth;t @hgaoa&ﬁefntngethbi ahﬁént?agmgdmdef\;\th vrhmefﬁra:@edi sdnot
store ecauoi‘gjlt can identifie t he decoder. en the redundant
st HER

frane 612 i 4" RmegasHRlas IN R4 9B %iat a as being | NTER coded

but with no

The redundant frame of repeated data 612 contains a picture header 80' of
around 50 bits, 99 COD bits (one for each of the 99 macroblocks within a

20 QCIF picture) and some stuffing bits to make up an integer number of bits for
a complete frame. Altogether such a redundant frame typically consists of 19
bytes and thus adds around 8% of overhead to the data stream for a 28.8
kbps H.263 connection and a QCIF picture. This overhead value applies only
if each INTRA frame and each INTER frame is associated with a redundant

25 frame. Clearly the overhead may be reduced if a redundant frame is encoded
after each INTRA frame only.

As described with reference to figures 5 and 6, the repeated picture header
for a frame is provided subsequent to the original data for the frame of a

30 picture and prior to data for the next frame.



WO 01/ 06795 PCT/ EPOO/ 06732 24 change. An encoder according to the prior art
woul d not” usually supply this information (it being apparently 100%
redundant). A decoder according to the invention detects the receipt of a
repeat ed pi cture hgader by detecting the occurrence of an | NTER |cture
header fol | QWY % a field indicating no 5 change. On reld&ft? %‘15 %uch data,
t he decoder uses the INTER picture header to configure the decoder and then
decodes the information fromthe previggis frane, stored in the store 228.
In this enbodi ment, the data for the first segnent of the picture is not 10
repeated and may therefore be considered to be |lost. The decoder, on

recei pt of tAehirdepmbbdithdmtafltre @lafoaer wmem\f bé eleséribeds THIS efibotipherd32 t o
alter status, such that the c ntents t he |cture dat a are refreshed from

the second sEgRASHE YhRaPy ad 'P%r"ﬂé’t“? \%’W'e gntal Fehagsemaaly Infrrmatiee ¢ o

estimate whefigd {(ARn L§lof FEIEE NThePbAditisIE eflablas TBSetltitn Qﬁgée'?tairf‘ ichfe cor rupt ed
data and 15 decode the data fromthat point. For instance, P us assune

that ther® ilgyer digldispiof ihﬁvereyiqsﬁ eictwse im th%eswp@m@réalh@ahemcamertthe
ori gi nal pi ci, maaMréle fo?ft Jhgpmt&rtau F%tl]%%? gfe & rgﬁgﬁeref ore be

However the PS 'S stll t he s art arre can
det ected rel wurmnyhemma/\mthe pmedhey @fe iri Qamg‘mraﬁtMm sbougtddiat thée

tenporary p| é‘ﬁm ta%rt%g ?%g;p%tgdéglﬁ\gen t he repeated header is

received, th eco the stored data at the position
where the picture header is expected to end and where the data for the

data, 11 nore MR eoou e B eCE RS el FYGIFLRY ' AP Taer  ho

remai nder of istifdicdtedraccoirgg ©riedes, rbytehﬂag Bﬂquaanspéetttﬁrsendiaétas Hpre 228.
Subsequent data is then gecoded and if the data relates to an | NTER-frane

and i ndi cat eSURRIBERtRRY, BIramagen Jellowgen; #n Brkit Heldi BPEPP: nd MkeuPE header i s

decoded and fRRafA!tRat’d RILEPESUPPIRIAHNoW w&wrﬁh@aﬁ@orﬁm&ﬁaﬁaéolof decoded
using the information in the picture header of the 30 redundant fra WO

01/ 06795 PCT/ EPO0/ 06732 25 When the signal is formatted as shown in F| gure
6, if th‘FS deﬁg‘é{ﬁ{ermﬂﬁe&o B& EB'S(&IHA ¥xt§ﬁ&%8a;§éﬂﬁntn§é %Bk'é’rﬁ) Pqﬁl%\% Qf frame

610, the decoder w Il contl nue itiron or the eader 612.
As descri bedlLare ldesighed émdescarnl BSBPEUF BE6js sétetor‘leﬁem enabled backwardn 612

conprises th i header .82 (| ncl ncr TR), and a field
88 indicati @”ﬁ%@i"“ﬁgﬁ [ g% ?ﬁgnc&éﬁ 35?13}6‘ t'@%a‘ﬁd% hsq, i"éage tbztf‘% >dMe

previ ousdcod@ﬁucﬁrmaees fﬁis@ﬁ@‘ iélwleetfneteuhdsdnl«:iauﬁbgldlI:éuest%Izrne@\lsbnb%I h&deaewmwf wry f
picture data store 228, the decoder w i scar redundant frame o
data 612 and@ @%bwa%cogﬁbss‘@?fﬁ'éﬂ? "PPWO@BO p@%?’%‘%el pt of a signal
encoded ggcording to the third enbodi nent of the invention, a decoder
according to the invention uses the data foll owi ng the FTYPE/ DSI ZE oct et of
t he Suppl enefipagx EnffaHcSsed@scrines thenfarmat ich thméueﬁswqtﬁwhamwmo decode

the data st of@fmiafloh NGehtETRORRE YPBURPPUTfRIPT Bf €thdS Hdbre layer of this
Recommendation. The presence of this supplemental enhancement
information is indicated in PEl, and an additional PEI bit is inserted between

25 every octet of PSUPP data.

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

30 function type indication, and so on. A decoder which receives a function type



The third enbodi nent of the decoder will now be described with reference to
Figure 9. This enbodi nent nmakes use of the SEI nethod as described earlier
with reference to the encoder and Figure 7. 20 The decoder operates as
follows. At _first §900), t he decoder receives the picture header of the
next transmMA%UB cture. 1f the header is free from errBFYEYNEY  the
decoder can decode the header w thout problens (902). Then, it can continue
to decode the rest of the picture (904 If sonme errors were 25 detected in

error-free Pacire Wagtoct B EGPEr Pad ForaBe bR ebeer S ot us

cal | this bifor giatecanstipasarid thenashdckefof iar sibsegasrtciohetitins§peandigagdrt i on. | f

the GFID of that header is e}s_la in the previous picture (908), the
aTPpdr o

decoder can WY b5 EURR palups viich fiave H%%[Hé‘?fi'ﬂ@l(éﬁe and

continue decpdiAdn 3@ble904+b) HIER! ThizGrhbRIhERNRSS tR& v atH Ak oRl GE4kiR Segnent .
If the GFID differs fromthe WO 011 06795 PCT/ EPOO/ 06732 26 one in the

previ ous Spi @omeechangss to Amrexdeelddeb3 s hesheangesame:f or the next picture
start code. If the picture |ayer data of that picture contains SElI picture
header repetition (914), the decoder can recover the picture header of the
current picture (1916)the|definition ohé sewsfanctiongypke nditiation (FOBYRE)dn Tiablet he bi t

stream 5 back to,the fi ropisati i Lion.(918 If the picture
| ayer data does rITb1t Sfc%%?%%# EEWE?6?@?@%%%&@%?%38?%4’8113'}‘{ he decoder
searches for the2nexttheiintlusien sredgnmeat Lsdfaart exmiaeatoncofche Gffect 82i)s i f t he

GFID in the head is the same as the GFID of the picture that is being
decoded. 'Ot the EF—[P)B? ‘fﬂdgee%]ual, t he decoder can recover the picture header

(910) and continue 10Tk FostineoL dyeprDitheRépdtisibn IREVIENERAI Hat iyl ROSi tion.
If the GFIDs are different fromeach other, the decoder has no neans to

recover the corr (gR&E SEriepfieidshehither coded tepraseptalian @G Abg pigtureclaiel equest

for an I NTRA updak offtRé P@eml RturéNThb MR Nelld SN HpehbPinthdimy) store
coded data for a plurality of frames. 15 Since nost franmes in lowbit rate

appl i cations ar e sgdaelis prieahegiNTpR flomthe Fempena! Raigsencef (TRIdieltht B stored in
theterrpﬁary pi ; h&e hideel e I Gl error
data and hence b?%ﬁ%ﬁ&\?gr yeggﬁbé’@? -v&#ﬁé¥2né\?r%%fr§fr1yﬁ1§?ﬁg?§%t§gs@%tpgt her ef ore
shoul d be suffi cilayer defa, teditstrgatmeofftbe repetiticagould e dxpitythkrsame and one

| NTER frame of dgta). I f typical ly 20 bei ng-£o i ar ound
250 bytes for a %ér'%ﬁ%lt%gg%ﬁn{ %%n%g %ﬁrﬁgsoq‘%{ngaﬂgs'@o&aTﬁ%gfésia%Asﬂlggjuent
frames of the vi d¢thea8BE! mbizatestibe edmber bheepeatsdytesyy AIRSIHEcedqlat o st or e

228, these are also decoded and. output to the picture store 223 to bring
the contents of ¢REP [5i'ESEVEd ?roﬁug"rﬁé‘?ei n WBPF‘E%%@H?‘*Q@}WHOT iréerbontents

of the cayrespondbigsihe FTVBEDSIZE detett he transmitting devi ce.

This proposed method introduces a considerable delay compared with the
previous embodiments when recovering a corrupted picture header, since the
recovery cannot take place until the beginning of the next picture is received.
25 However, since the operation of a decoder is typically faster than real-time
video-data transmission at least at low frame rates, the decoder is likely to be

able to recover the time spent for waiting the next picture to arrive.

One possible way to implement an encoder according to the third embodiment

30 is presented in the flowchart shown in Figure 7. With respect to this



WO 01/06795 27 CLAI M5 PCTI EPOO/ 06732 1. A nethod of decodi ng an encoded
video signal) the nethod conprising: 5 receiving coded data representing
frames of a video signal; exam ning said coded data to detect header data
and picture_data: en an error in the picture header is C storing
the pictur ewd)gbf@mlg%ha tenporary picture data store, det e@gf}ﬁgooz?ggapeat of
the header data; and decoding the stored picture data using the repeated
header data. 10 2. A nmethod of decodi mg according to claim 1l wherein the
step of det eghi DmBnt CRRAle OlholfaA ordie  CRMRIL SRier 28GE! | Abfidg, Whet her
subsequent |y recei ved tata relatés to an entire frdmme or the Vi si gnal
or to an i ncaumlerhentpleErihantemeht lafoematich idehebit stngara sybtakepeat of header
data when the received data relates to an inconplete part of a frame. 3. A
met hod of decoding according to claim1 wherein the step of detecting a
repeat of hepgQinddaipresseiigraeR inpiil tefeadricaliéd (T00)del Eitais HBseGaRNt | Y
recei ved data includes a picture header and further data, which further

data si grfi fiRdittiaia cantrql Algorghmdesidgs ethergieatodesor ieapiara @atticklar r espect

to a ref o1 eNfind (AT #a friiRe Vd gaﬂg% 882bdéd dne Efctﬁgﬂegg%ﬁggbg%@grst hat a

repeat of the def’ data has been detected. 25 4 ecodi ng
accor di ng t d76#hiThelpictare headare radsonstofes G08p invdatdesterst 11y MNo opeaat  of

header .2 g 5 RO id Vo8B b S, LBV B

0’any precedi ng
cl ai m wher eifrort hthe 36uredné ppictiired eind c thien e s ders rfegre athe dtwee pevioukatcaded npr i ses

exam ni ng, the picture 01/ 06795 P P00/ 06732 header of a

subseque fR"éltﬁ’éest (L)F h&e?'éq\'égeﬁé/e\%ﬁ@ﬂ?é r@hgwg“fa{ﬂeﬂ rtge hé@gep goingHe RS equent
f][arre i gcl uotegndemﬁn tieib atidting %cﬁntﬁbmcpimh uh@hplmdfsrd pigfué@ g@@d ﬁmghé rarredand,
if so, detectin e repeat of t i cture header. : t accordin
to any of cI%lFtH% %‘emﬁg‘i’fn&‘@h@”rﬁ’&pg& PERAQUS: PRl gshef r"é?)ecé‘fg'g)do e °
conpri ses exsaiiBudPickire aRePMERRNGHh the GRS QF B piciife BaiE thatv10)0f the

header of a subsequent frame. 7. A nethod of video encodi ng conprising: 10
recei vi ng a eneddwedp gttal repeathéhe npislyeed; haadeb @fndhelaRraviupr Biskie i &% a frane
of said jd ' ; ,qpfl@ Bt al |l j aid
r epeat edydpaﬁhqcﬂr'l%ﬁ%#dtﬁlnég t eggﬂlég% E‘?‘Serhﬁggﬁe?m? m'&%‘ﬁge?ércae%ﬂn;r%fgq%@vﬁ?net hod of
encodi ng accbediicigret headenofrthe pvewiows picture t(76%) using thet GFIDs of eiffeattkel only for

frames which [ . -fr e O d,.of codi ng
accordi ng toc"@llregllt ﬁ%ﬂ%g(?rr Q@%&%%{%@Eﬁg%&ﬁ%\g@%éntcgf?%onﬁégﬁ/s(tal'%e rae%gi cture
header and aoff thejlictaegiseanicodbd {i7 ¢4 )ur Theratize obdihdpdodD contimues fidm tie net hod of
encodi ng accordi n!? b@ ﬁny of clainms 7 or 8 wherein said repeated data
consists of REYMNYUEOkeader and an indicator that no picture data has
altered gzp nce a previous frane. 25 11. A nethod of encoding according to
any of clainms 7 to 10 wherein the step of repeating header data conprises
addi ng the repeated data to the picture header of a subsequent frane.

The repeated picture header may be repeated without the PSC. Alternatively
the header could be manipulated by a systematic error-correcting code. A
systematic error-correcting code is such that k first symbols are the actual
25 message and the rest of the symbols are used for error checking. In this
particular case, k first bits are the picture header, and the rest of the bits are
transmitted as Supplemental Enhancement Information in the next frame.
Consequently, the selection of the error-correcting code affects how many bit
inversion errors can be detected and corrected and how many supplemental

30 Dbits are needed to provide this error protection.



WD 01/ 06795 PCT/ EP00106732 29 12. A nethod according to claim 11 wherein
the repeated data is included in the Suppl enental Enhancenent I ndicator
(SEl') of a subsequent frame. 13. A video encoder conprising: 5 an input for
receiving a _videog signal to be coded; nmeans for encoding resentlng
a frame of ¥44Y”* %?ﬁeo signal; the neans for encoding datﬁgﬁ%‘ﬂag %ranged to
repeat part, but not all, of said data, said repeated part including the

pi cture header for the frame. 10 14. Agvi deo decoder for decoding an
encoded video signal, the decoder conprising: an input for receiving coded
data representing franes of a video signal; decoding nmeans for exam ning

sai d coded datthe temistriiraéits ¥ arerendader FOT0dpidtibea abdé ahe Enced@érdhakecoder
bei ng arrang}ed to store the picture data in a tenporary picture data store
when an err eiﬂrPf?WéO%?@fft?f’éOﬁeafaerctwg hgadeiceredist Slaavettheencegeat of the

header dat a; 1o@neart %edﬁﬁéﬁb%dt A&l do magéatr& Ftedn YRk NMIctuRE deRPHAL ed

header data. 20 . A wireless conuni cations device Incorporating an
encoder zﬁccdemqr@ett@acqomnmnﬂérome .depod@rr el ess communi cati ons devi ce

i ncorporating an decoder according to claim14. 25 17. A video codec
conprising an encoder according to claim 13 and a decoder according to
claim 14. A&sﬁiﬂk@aﬂ&@r alternatively the encoder may be arranged to send a repeat
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EDFFF= quﬂéWbértsl of tb receiver e.g. the video data to the video codec 10, the

audio data to the audio codec 20 and H.245 control data to the H.245 control
40. The decoder 200 of the video codec decodes the encoded video data by
inverse quantising, inverse DCT transforming and motion compensating the
data. The decoded video data is then output for reproduction on a display 70

20 of the receiving terminal 1.

As shown in figure 4, the decoder part 200 of the video codec 10 comprises a
variable length decoder 218, an inverse quantiser 220, an inverse DCT
transformer 221, a motion compensator 222, a picture store 223, a controller

25 224, a temporary picture data store 228 and switches 230 and 232. The
controller 224 receives video codec control signals demultiplexed from the
encoded multimedia stream by the demultiplexer 50. In practice the controller
105 of the encoder and the controller 224 of the decoder may be the same
processor.

30
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2 XBSHE VS L 0BG Jswiich 230" Whew-thd PTYPE information indicates an INTRA-
frame, the switch 230 is opened and the output of inverse DCT device 221 is
input to the picture store 223. When the PTYPE information indicates an
15 INTER-frame, the switch 230 is closed and the contents of the picture store
223 are added to the output of the inverse DCT device 221 (the decoded

prediction error) by adder 234.

If the decoder is unable to decode the first picture header, but is able to detect
20 other segments of the picture (e.g. the GBSC of the second segment 84) then
the decoder stores this data in the temporary picture data store 228. When
the decoder receives, decodes and identifies the repeated header data (and
the first segment data 82), the decoder then uses the data in the temporary
picture store to reproduce the rest of the picture.
25
Thus, if the controller 224 does not detect a PSC at the start of a frame (or
otherwise determines that the picture header is corrupted) but does detect a
segment header (e.g. by detecting a GOB start code GBSC), the controller
224 changes the status of switch 232 such that the data output from VLD 218
30 is input to the temporary picture data store 228. This data will start from the
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Referring to figure 5, let us assume that the decoder has detected the GBSC
5 in the header 84 for the second segment of frame 510. The data stored in the
temporary picture data store 228 therefore comprises header 84 onwards i.e.
the header for the second segment, data for the second segment, the header

for the third segment, data for the third segment etc of frame 510.

10 If the lost/corrupted picture header belonged to an INTRA-frame, the next
data received by the decoder will therefore be the repeated picture header
and first segment data 512. The decoder receives the data 512 relating to the
repeated picture header 80 and repeated first segment data 82. The
controller detects the PSC in the repeated data 512, reads the PTYPE field in

15 the header and then instructs the quantiser 220 as to the quantiser to be used
and opens switch 230 in response to the PTYPE field in the header indicating
an INTRA frame. The rest of the repeated information (i.e. the repeated first
segment of the data) is decoded by the inverse quantiser 220 and the IDCT
transform 221 and the decoded repeated first picture segment is output from

20 IDCT 222 to the picture store 223.

The decoder recognises that the data is not for a whole picture i.e. it is only a
picture header 80 followed by picture data 82 for a first segment followed by a
picture header for a subsequent frame, by for instance, the decoder decoding
25 the repeated data 512 and then detecting that the subsequent start code is for
a different frame i.e. frame 520. In response to this detection by the decoder,
the controller 224 alters the status of switch 232 such that the data from frame
510 stored in the temporary picture store 228 is output to the inverse
quantiser 220 and the IDCT transform 221. The decoded data is then output
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invention, the decoder detects the receipt of a repeated picture header by
detecting the occurrence of a picture header which is not followed by data for
a whole picture (e.g. a picture followed by data for one segment of the picture
but no more). Other ways could be used to detect the repetition of header

information.

As explained earlier, if the decoder is able to decode the frame 510 correctly,
the decoder simply discards the repetition of the header 512 when the signal

is formatted as shown in Figure 5.

Figure 8 shows a flow diagram illustrating a method of operating a decoder
according to the first embodiment of the invention. Firstly (400) the decoder
200 starts to decode a received signal by checking if a picture start code
(PSC) is the next code in the incoming data. If the picture header is deemed
to be corrupted (402), the controller stores (404) the picture data associated
with the remaining segments of the picture in the temporary picture data store
228.

Various ways may be used to determine if the picture is corrupted. Some
exemplary methods are if the decoder cannot detect the PSC, or if an error
detection method (such as H.223 CRC checksum) indicates that there is an
error, or if an unlikely parameter is found in the picture header (e.g. an INTER
flag is set within a segment header when the coding type of the picture
header is INTRA).
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10 () caovkr ()= b 1D Geeb il TR bR lotire il baa ke (-
1!:10%&' () - Yeddpent(data H02& The- decodendacodps 408)AHE njoture header and the
10%/ () - zU V8atal’g¥w\¥ﬁd Efﬂgt segment of the picture. The decoder detects (406) that the
data is not for an entire frame and, in response, the decoder then decodes
10 (408) the data stored in the temporary picture data store 228 on the basis of
this repeated picture header.

Normal error concealment techniques may then be used to conceal errors
within the picture which have arisen from transmission or decoding errors. As
15 is conventional, the decoder may also send an update request to the encoder

if the decoded frame is considered too erroneous.

A conventional decoder, on receiving an incomplete frame of data, would
conclude that the missing data has been lost in transmission. Thus the
20 decoder would request an INTRA picture request in the known manner. Thus
an encoder according to the invention can operate with a decoder that is not

in accordance with the invention.

A second embodiment of a decoder according to the invention will now be
25 described. With reference to a signal formatted as shown in Figure 6, if the
decoder is unable to decode the original header of frame 610, the decoder
stores the remaining picture data (84, 86) for the frame in the temporary
picture store 228. The first segment of the frame is not stored because it
cannot be identified by the decoder. When the redundant frame 612 is
30 received, the decoder reads the data as being INTER coded but with no
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5 change. On receipt of such data, the decoder uses the INTER picture header
to configure the decoder and then decodes the information from the previous

frame, stored in the store 228.

In this embodiment, the data for the first segment of the picture is not
10 repeated and may therefore be considered to be lost. The decoder, on
receipt of the repeated header data, therefore causes the switch 232 to alter
status such that the contents of the picture data are refreshed from the
second segment onwards. Alternatively, the decoder may be able to estimate
where the first segment picture data should begin in the corrupted data and
15 decode the data from that point. For instance, let us assume that there is a
one bit inversion error in the picture header of the original picture and
therefore the picture header cannot be decoded. However the PSC is still
valid and the start of the frame can therefore be detected reliably. The whole
picture 610 is therefore stored in the temporary picture store 228 and then
20 when the repeated header is received, the decoder 200 starts to decode the
stored data at the position where the picture header is expected to end and

where the data for the first segment is expected to begin.

Thus, the decoder inspects the incoming data. If the picture header is lost or
25 corrupted, the data for the remainder of the frame is stored in the temporary
picture data store 228. Subsequent data is then decoded and if the data
relates to an INTER-frame and indicates that there is no change in the picture,
the picture header is decoded and the data from the temporary picture data
store 228 is decoded using the information in the picture header of the

30 redundant frame.
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When the signal is formatted as shown in Figure 6, if the decoder manages to

correctly decode the picture header of frame 610, the decoder will continue
and decode the repetition of the header 612. As described with reference to
5 Figure ©, the repeated information 612 comprises the picture header 82
(including an incremented TR) and a field 88 indicating that none of the data
has changed with respect to the previous coded frame. Since there is no data
stored in the temporary picture data store 228, the decoder will discard the
redundant frame of data 612 and decode the subsequent frame 620.
10
On receipt of a signal encoded according to the third embodiment of the
invention, a decoder according to the invention uses the data foliowing the
FTYPE/DSIZE octet of the Supplemental Enhancement Information in the
subsequent frame to decode the data stored in the temporary picture store
15 228.

The third embodiment of the decoder will now be described with reference to
Figure 9. This embodiment makes use of the SEI method as described earlier
with reference to the encoder and Figure 7.

20
The decoder operates as follows. At first (900), the decoder receives the
picture header of the next transmitted picture. If the header is free from errors
(901), the decoder can decode the header without problems (902). Then, it
can continue to decode the rest of the picture (904). If some errors were

25 detected in the picture header (901), the decoder searches (906) for the first
error-free picture segment (GOB or slice) header of the picture. Let us call
this bit stream position as the first resynchronisation position. If the GFID of
that header is the same as in the previous picture (808), the decoder can
recover the crucial parts of the picture header (910) and continue decoding

30 (904), starting from that particuiar picture segment. If the GFID differs from the
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header repetition (914), the decoder can recover the picture header of the
current picture (916). It must also set the decoding position in the bit stream

5 back to the first resynchronisation position (918). If the picture layer data does
not contain SE! picture header repetition, the decoder searches for the next
picture segment start code and checks (920) if the GFID in the header is the
same as the GFID of the picture that is being decoded. If the GFIDs are
equal, the decoder can recover the picture header (910) and continue

10 decoding from the first resynchronisation position. If the GFIDs are different
from each other, the decoder has no means to recover the corrupted picture

header. In this case (922), it can request for an INTRA update, for example.

The temporary picture store may store coded data for a plurality of frames.
15 Since most frames in low bit rate applications are coded in an INTER frame

manner, most of the data stored in the temporary picture data store is likely to

represent prediction error data and hence be relatively compact. The

temporary picture store therefore should be sufficient to store data for at least

one INTRA frame and one INTER frame of data, an INTER frame typically
20 being coded with around 250 bytes for a QCIF picture at 28.8 kbps.

If any data for subsequent frames of the video are also stored in the
temporary picture data store 228, these are aiso decoded and output to the
picture store 223 to bring the contents of the picture store 223 into alignment
25 with the contents of the corresponding picture store of the transmitting device.



106565 106565! | ( 1096565& ()-! X( 109%E5E5& () - Fy
1096& () - 3J@dEr S40° 10, MLO% & ()-10% & ()-, F 10% & ()-f , 10% & ()-3
S10% & ()-, '10% & ()-QaBrS40° @ 10% & ()-!1% 10%4\]\ & ()- @@ 10% & ()-9

10% & () - W& ()-, 10% & () - %Ughi j vxnbC0", 410%&' () -
10\ 552(12)%@;“%*?-{’@?5( )10% & ()-zf) pUghi J vx () -pciBrodithaz

10% & ()-S, 10% & () - vWaBmbCO' yY: 109& ()-z' 109& ()-F: 109& () - 109& ()-!yFML
0%&' ()-s! @O%& ()-7;a?nbC0" ! DL&z 10%& 37 - ! NL&z

109 () -y: 104, ()s ' 10%& ()-y10%& ()-Llz 10% ()-QdE:/ 10 10° @y
109 ()-/91(%(@—' 2zL-z 10%& () -+ 10%&' ()- (10%& ()-"':10%& ()-,] _uv7/
1OMLOY& () -y109% ()-y3 109 ()-, 109 ()-!,810% ()-610% ()- 10_>%oaB7/

10: 109%& ()-Lz 109%& ()-! Lz 1Q%& ()-: 10%& (),- MLOY& ()-L| 109& ().- o( waB7/
10,‘10%'(%)-3%/'( 1 /«&Q hiod :20108%‘“1‘13’%94 \@Lf’fgb/%?(y@ﬁ"(r\)&@%b( mﬁ%&n@%" ()-w
% bC 1010958:4nprhdi@& () - 10 10 10L@10%: ()-/ 10%& ()-2z9- 10%& () - (

ps}~<bC 10! @9' 10% 5- 5&' é) - %4.096& ()-S! MLOYG& ()- 1096& ()-!D8
1094515& §)-! D 1094&¥5g.cpded.data gapresentingdiames-of apigeosignalioog: ()-° 105 105

R e
when an error in the picture header is detected, storing the picture data
in a temporary picture data store, detecting a repeat of the header data; and
decoding the stored picture data using the repeated header data.
10
2. A method of decoding according to claim 1 wherein the step of
detecting a repeat of header data comprises:
ascertaining whether subsequently received data relates to an entire
frame of the video signal or to an incomplete part of a frame and detecting a
15 repeat of header data when the received data relates to an incomplete part of

a frame.

3. A method of decoding according to claim 1 wherein the step of
detecting a repeat of header data comprises:

20 ascertaining whether subsequently received data includes a picture
header and further data, which further data signifies that a frame of the video
signal is unaltered with respect to a reference frame of the video signal and, if

so, determining that a repeat of the header data has been detected.

25 4. A method of decoding according to claim 1, 2 or 3 wherein the step of
detecting a repeat of header data is carried out each time data is stored in the

temporary picture data store.

5. A method of decoding according to any preceding claim wherein the

30 step of detecting the repeated header data comprises examining the picture
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7. A method of video encoding comprising:
10 receiving a video signal to be encoded;
encoding data representing a frame of said video signal;
repeating part, but not all, of said data, said repeated part including the
picture header for the frame.

15 8. A method of encoding according to claim 7 wherein part of the data is

repeated only for frames which are coded in an INTRA-frame manner.

9. A method of encoding according to claims 7 or 8 wherein the repeated
data comprises a picture header and a first segment of picture data of the
20 frame.

10. A method of encoding according to any of claims 7 or 8 wherein said
repeated data consists of a picture header and an indicator that no picture
data has altered since a previous frame.

25
11. A method of encoding according to any of claims 7 to 10 wherein the
step of repeating header data comprises adding the repeated data to the

picture header of a subsequent frame.
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12. A method according to claim 11 wherein the repeated data is included

in the Supplemental Enhancement Indicator (SEI) of a subsequent frame.

13. A video encoder comprising:
an input for receiving a video signal to be coded;
means for encoding data representing a frame of said video signal;
the means for encoding data being arranged to repeat part, but not all,

of said data, said repeated part including the picture header for the frame.

14. A video decoder for decoding an encoded video signal, the decoder
comprising:

an input for receiving coded data representing frames of a video signal;

decoding means for examining said coded data to detect header data
and picture data;

said decoder being arranged to store the picture data in a temporary
picture data store when an error in the picture header is detected, to detect a
repeat of the header data; and to decode the stored picture data using the

repeated header data.

15. A wireless communications device incorporating an encoder according

to claim 13.

16. A wireless communications device incorporating an decoder according
to claim 14.

17. A video codec comprising an encoder according to claim 13 and a

decoder according to claim 14.



