;e3e| :*6TF 1 VIDEO CODI NG This invention relates to video encodin ang
decoding. 5 One of the recent targets in nobile tel ecomrunication Had B¥En
to increase the speed of data transm ssion to enable incorporation of

mul tinmedi a services to nobile networks. One of the key components of
multinedia is digital video. Transm ssion of video conprises a fairly
continuous traffic of data representing noving pictures. As is generally
known, the amount of data 10 needed to transfer pictures is high conpared
wi th many other types of nedia, and sqQ far usage of video in low bit-rate
term nal s has been negli gi bl e. However, significant progress has been
achieved in gnngqgQE@BGIOM/bit-rate vi deo conpressi on. Acceptabl e video
quality can at bit-rates around 20 kilo bits per second. As a
resul t of thTkispnesntiessiletes tediddd @icdddhhd §ach@hg. Vvideo will be a viable
service to offer over channels such as nobile comnmini cati ons channels. A

vi deo sequence consists of a series of still images. or frames. Video
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sequences cathebspearat ebdata $r@fsiniisionsadiztle id&%ﬁbn%qﬂﬁlﬂﬁ%é‘kewims

redundancy. Spatial redundancy neans the correl ation between nel ghbouring
pi xel s wi t hi ¢ BHOPHeRetwarkspBingof theikeii aprmponeatsoftrheltiowdiz isdigital Gideseen
areas of suc I Jranes,, ral. redundancy arises fromfghe Likelihood
of 25 obj ectg%ﬁ%?'?ﬁg%n“%%?@@ﬁ%ﬂ%% nﬁgga '&s&%‘ﬁ&&i“?né’q tRE daldr ent

i mage. ConpregsesentrgnnovingChicves e 8£88RAEINIABWA Oths YIRS gBrLat a
whi ch describes the notion (i.e. displacenment) between simlar areas of the
current %hd Beged tdlansfrupisturanis high cemparethithi manpusher ygbstofdnddiam t he
previ ous one I unda .means,the, correl ati on between the 30

di f f erent cp?%%?ﬁgtg%nﬁgﬁéﬁgs?qo‘lngé%é'qgg‘ﬁ{ebit" tfe?erm‘r‘ﬁfs\/?@éobé%ﬁp'ﬂ%'@@ﬂ-.

met hods t ypi Baleyeti éi@l@iﬁﬁr_ttI@@@eb@%%%émﬁgﬁ%vé\@mnhﬁoaﬁé S‘Ploﬂfb‘t%{é I'se
tenporal redundancy reduction. Conpressed | nmages iC 6onot ut il ee

t enporal redVifBANESMPESSIENI oAcerniabdsvidee mimlibl lcanché | sitamed\NERAIORtes

| -frames whe Lol J | redicted images are called | NTER or P-franes
(and al so B- %&gﬁgsf%ﬁe)d’n%%éerfﬁfg ‘f?‘ﬁrﬂagesﬂgffﬁ Sgediasse® radustipn itmbitd or
backwar digranpge) vided wilebé NTERbd 38Ri%A%S ol Rt ﬁrﬁ‘eﬁ’? such, as mobile
(notion-conpensated) inmage is rarely precise enough an ferefore a

spatial | y cofpresyuentipnedhannals. error image is also a part of each | NTER 10
frame. However, sufficient conpression cannot usually be achi eved by just
reduci ng the redundancy of the video sequence. Thus, video encoders try to

~reduce the qpalidey 8bqidesecatidts d?faféb?ie i%%tiﬁ%%%fgwﬁﬁﬁg;e%d%e

subj ectively the 15 least inportant. In addition,
encoded bi t sep@aression ethetientishyaraedrsed! f f radueiig | dss| esdum@idyy &id
The main technique is to use

| t ._and ffici :
var | abi 24 endeiscpatray elRRotany o) Vs rectiansiesy dberwgtiadangy tinaiken ssi on

errors, mai nkyagdéfcdsWy BT ; i llsation,of . tenporal
predictive di f?e_r enti alnzé:éogiﬁﬁ%&ﬁ%ﬁfag %Agﬁ%st%%ghaeﬁdo%é%gmétr%%'é%%qrgéf‘ bot h
spati al | y an@pataipedahtigncyl mepnatte aerdlbiicn bearser haighbdOaag i ithin
occurs, it is ﬁasi Iyﬁési ble to the human eye for a relatively long tine.
Especi al | y sfsE@FEr bl Eapat f BGY dneang thepairelation dzetweene areasy of ar e

only a few | NIEMe3RRE Irald A TESThP6ral 'rBASASRY  hrbs from the likelihood of

25 objects appearing in a previous image aiso 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.




25 | NTRA-coded franes would term nate the tenporal error propagation).
Secondly, the use of variable I ength codes increases the susceptiiVizig3to
errors. Wen a bit error alters a codeword to another one of different

| ength, the decoder | oses codeword synchronisation and al so decodes
subsequent ‘error-free codewords (conprising several bits) incorrectly until
t he next 3 -synchroni sation or start code. (A synchronisation code is a
bi-t pattern which cannot be generated f%on1any | egal conbi nation of other
codewords.) One of the inherent characteristics of wireless data
transmssion is a relatively 5 high bit error probability. This problem can

be add - d link |
Sehomes. - oL poFRErl RRABE: e v“@f sré‘é‘lares' Emeqa%%agféé hraw?cﬁos o

unl i ni ted andofratattilisé itemporaneaLBHA (RS rbvs%aergraggé c
audi o-vi sual services, it is unaccepta Ie to ﬂa rge en e *?J r&lel ays.
Thus ret raﬁ§nﬂ%%i*8r'ﬁ%é@rfé‘ﬁ’é’§a’1[ﬁdimwcybwdushmme’dmdb s Us08By daled ead one

nust try hetr siop,errors. In stream ng

audi 0- Vi sual r et T e@%ﬂ ggﬂrq\?/‘%gégtte?‘ﬁ’grq aicé"é{]WQfe‘i 3P %S?dv'é‘ﬂiﬁ%@frev\hat
due to thePHaames Hahd stueBHRa I i rt_of

pl ay- back. Hovve\?er! t he maxi nmga\g}?%ﬁpztgeﬁﬂ"gg%g;ﬁ%ﬁéssgﬁ%pﬁge# §§EC§%CF'I“|§<ed and,
i f exceede(fpf“’laﬁér(é' paciamargh megnney). 15Irpdins eNTIER Hearpd apadeqcthe prediitagti ce,

both relia A e.trans ort hanne] s are used in retrieval
servi ces. @J“g’%@gg‘)t"?ﬁe !sé%%lg 89%e peciser eartigbeandotharafpee am equal

i npor t ance gpatidiecsapaaseds t t al tion
such as 20 Er ctngfe tgpe (e .§@I¢tm%ﬁm$ﬁ#§§§% (éqiagn% |dsl]gtr \6%695\(}8 mﬁ%‘iu onal
codi ng1¥od&@mehat have been used. | TU-T Recommendation H. 263 relates to &3
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 cture heapRveveypiERdit t. t he subsequent
bits defining the 25 pi lgttﬁ?géﬁrﬁ%ﬁnt%%e%%gqgﬁ}relp%%a@eoﬁgwuﬁté Br'ag

predi cti veths f&c@mﬁamnlofdbdm@ecq sHfiEBnée.amMbsk, videe @idoders SryPfoORAgased bot h

spatially and teppo a_normal approach to picturé header
corrupt i on%?es FB@ @Qg?ﬁéa o ithe idee saruenme M@*‘s@f@énbjacbvelgrﬂjean

| NTRA i ct t Qpt t d t tf
Foquestad | RTRA Traane I SOGRORT S feab i of Bhs MHpesRae By s -

recei ved vrr@thtcedds&pﬂé\eaasqu elfﬁimeletabsslesﬁco@mgejf%@ éﬁé@éroﬂlpﬂ%rnéﬁﬂé'ﬁﬁﬁes-
Transm ssi an rro ve a |fferent nat ure depen on the underlying 5
net wor k. IﬁOB IEA6 S '¢ CHEa ﬁ%tﬂ%'r‘%és tos%vaarsatﬂe@ngm epdes. etc.

transm ssi on errors are typically packet |osses (due to congestr on in
network el enments). In circuit-switched networks, such as nobil e networks
(e.g. HSCSOdmpreesty videoaisseasilyi corrgstedrsy ﬁéﬁsﬁwbé@lo@raéﬂrarsb'rﬁa:ﬁf}f Rirgwyhere a
"1 orru t ed tg &! ‘ﬁ‘r‘%\“ ce_versa. 10 To inpede degradati ons in images
|ntroda ed "B Pansh? tg ytiisation &frtﬁm@sm@ﬁsﬁltzarﬂlﬁeramleupodarngor

det ect d/or effects €&
From the T oeved P by it s pageaata, i, REaPR, PR efiarmhund <l on —

provi des aprmgerthﬂslmeam/thai pncd aaterddr odctiRy idateashy URMIE td IdhERLAT S, but
| arge round-tr.i delg ssocjated with low bit-rate transm ssion and
%rﬁa yely dg

moder at e ofYRilgha &R PR3 limgce Espepipliy suseantipld aysossngmissiansuatdow

retransms i - 1 vi deophone | j cations. Error
ot oot on SidatesaahERiAetd ot b & R TR A% GHEERRRES 2P LttmBSh e
over heafls $NTRA-dduzyl drkimes MevoukslUemiatet thd "RnIRKA error propagation).

Secondly, the use of variable length codes increases the susceptibility to

"
TS

errors. When a bit error alters a codeword to another one of different length,
the decoder loses codeword synchronisation and also decodes subsequent

error-free  codewords (comprising several bits} incorrectly until the next
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20 Consequently, for low bit-rate applications, error conceal nent cLanN%\ia
r.-: considered as a preferred way to protect and recover inmages from
transm ssion errors. Video error conceal ment nethods are typically
applicable to transm ssion errors occurring through packet |oss and bit
corruption. 25 H.263 is an I T~ T recommendati on of video coding for |ow
bit-rate comruni cati on which generally neans data rates bel ow 64 kbps. The
reconmendati on specifies the bitstream sgntax and the decodi ng of the

bi tstream SV wo ,yersions. of. H 263. Version 1 consists
of 30 the cg’j@eg grléé’?t{c%]r{%gégtaaﬂ gﬁcﬁe'oﬁ%(isgﬂﬁrl'm@lﬂf'ﬂ@ cRHgds @ Pit petierpewkichn 2 i s

an 5 ext emsinoh befgeresraicdfrdmrMeghnGridRhih Wh@?@c%éﬁ&{d%gmdi ng
g ne

nodes. H. 263 is currently one of the nost-favoured codin ds proposed
for nobile ' wireless applications, where the bit rate is of the order of

28.8 bit : rter, Co n. I nt er medi at e For mat | F ictures
of 176x 1Z4p§|55'<‘<§a?’§ 5@%%’31@??’9%&3&&0%‘?’%'%? Qaﬁw%a%m@éb@dg %ﬁla)ﬂagl!&s -

for~thir@ gdtigi abit oorraf rroeabiligy, 0dghiss d]—@tgj@ﬁpt‘l;laq gékgaa@s@g?’; Bgn\i@%ag

resolution may be higher. Pictures are coded as |um nance
col our di f f dFaSEPETY cileirk aard ) linko fyen eetrang @R siamd sER¥melhe Hdwdevs nRace

pi ctures ar d hal £ .the 1Q resol utiopn of the | um nance picture
al ong bot h gdg-a%gglkﬁa?@tsgﬁﬁsscrﬁrg?ﬁr'ﬁ St awsgb*@adeﬁ ugtimite| aad-flngtustiogk
basi s, each tRdrephisEiepr e§aALENT 8KX8 RintelSt | uy nange r chr.om nance. Each
coded picture, as well as the corresponhsl%rtligh?:lod%ﬁddlgiﬁsgfa?eas%m?%s'1 afr anged

in a hierar diigsaepPtatiete have Wnge drulito-éay delays WThab refranérhreloRQIchemeko t op:

bl ock | gyer, bl ock, | ayer, picture segment |ayer and picture |ayer. The
pi ctur qu)eg rﬁ?ﬁﬁgi g?e‘fseéjaw qm%‘gwﬁ@sariﬂﬁtﬁéé@n&smﬁsb%@ detedbland lcsnceala
slice. 20 Athkogkn&mpiaat X8 Pi ; LN -chrom nance, Bl ock
| ayer data consi s?s o% (ﬁf\iéfrébrrréﬁ y Iﬁuﬂﬁ%ﬁ@é %r@?c@&f%@i ﬁ%‘ﬂ%‘?%r%

coef fi ci ent drangmigsioar ekayanresd viary sograghatr dies to Pthec &5 ethai sofne initial
run-| ength wi th variable | ength codes. 25 Each nmacrobl ock

etgj gier and co g}?
relates to 1 18 FRUlSs DEfomey fhisaier e @laneckpat aweyet othee ppaimiimg 8 x

8 pixels of ddeept ki . t l; r rds,. a _macrobl ock
consi sts of foupéggiqurﬁjﬂr{lg%gﬁ?e Ogﬁ%’&a%n 't'ﬂ%ﬁie\%@eg\pl)%qrﬁll? PN EP¥8Hondi ng
8 x 8 cdBourpaiisef v éne @lay-bakk. Eapl'actin,EB’oﬂmﬁéli@bleOQKdi§nr%§§l§l§it?érﬁgowth a
noti on vect af, m“i‘;?/ﬁﬁh def%is the position of a 30 corresponding area 1 n the
reference frafEnRh 21 PerEipretdeval sepisest s of t he

Every bit in a compressed video bitstream does not have an equal importance
to the decompressed images. Some bits define vital information such as
20 picture type (e.g. INTRA or INTER), quantiser value and optional coding
modes that have been used. {TU-T Recommendation H.263 relates to video
coding for low bit-rate communication. In H.263, the most vital information is
gathered in the picture header. A transmission error in the picture header
typically causes a total misinterpretation of the subsequent bits defining the
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
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prediction
picture is
group of bl

picture typically conprises one row of nmacrobl ocks (i.e. 11 nacrobl ocks).
Data for each GOB consists of an optional

t he macr obl
used, each

slice. 15 'Ivhe pirctu
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y, eachv

error data for the pixels of the macrobl ock. Usuall
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GOB header followed by data for
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a nunber ofATEENIYL BANGR irihs sdstadcit videosegpeotligan reBefidef @nveRsticHdi
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e
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ayer data contain paraneters affecting the whole

picture area and the decoding of the picture data. The coded paraneter data -
is arranged_in a_so-called picture header. In QCIF format a picture i

di vi ded i ntlyanseussion sirsess Siamei ahdifferant spads degertingVéh he 1dn
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code. NO ot her coéde
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| TU-T Reco i.on H.324 "Term nal for Low Bit-Raf'e Communicati o
February lmﬁﬁ?’gﬂ Gy ﬁé%ty\wc@@%g’ﬁ

SHOTE Wha? CRis corrupted t8INbravide nobi | e

net wor ks. \Weggza H 324 connection is run over a wireless channel, it

likely that the received 30 bitstream contains transm ssion errors.

H. 263 ¥Pdeo bitstream these 7 errors are extremely harnful if the
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transmission overheads since they add some redundancy to the data.
Consequently, for low bit-rate applications, error concealment can be
considered as a preferred way to protect and recover images from
transmission errors.  Video eror concealment methods are typically

applicable to transmission errors occurring through packet loss and bit
corruption.

H.283 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

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

gWrsHslgaEsdhe dntetied etawtrdasodssiéor m t he
sane bit part@sarasygibs! | ! C .Thus, the synchronpisation

codes can be used for bitstreamerr
after bit &iicyitswitzhed| ra@orls, sheh \dsdmobio MpivRsRs 08,

epls nil%ati on
oS HEEehdsdisS8S M it he

is

In a

y

1? ure headers. E??uch an error may prevent the decoding of the
pi cture content® S (AHSEHFHONRTIRN Hiagesr intissaded sby aisesiissiarnsérrsmyer e

i npl i cati ongtrafbMERidnReSh Bb CsHb CSrar Setggtfo%

gﬁlinitial t enpor al Flrediction
sources. Errors in an INTRA picture hea (?

(0]

e TPUANSMISEIPE e ESREEHElIYI OWilln| teal-ticwur vidagphoagas por t

a



15 resynchroni se a conpressed vi deo signal decoder after |oss orMQONgmpmen
of transmtted data. The docunent does not teach or suggest that
duplication of header data should be provided during the generation of the
conpressi on encoded signal to provide a conpression encoded video bitstream
whi ch inherently has error resilience. 20 According to the invention there
is provided a nethod of video encoding and decoding as clainmed in the
appended cl ai mrs. An encoder and a decodeP are al so provi ded as clained in

t he appended estegisitn ofvérisiost 1 erdmﬂh%ww@hemfe' ' ' c novel
met hod to repeat | NJ12A 25 picture headers in é%degﬁ%??§?92§§§%9 ?% IS

ful ly conpli &CUHEPHY He Pfr%lerWSQ@ON%ﬁﬂ@ingamemmdsTpmpasednndranobae

i ntroduces r b ol eade inthe hitstream |f the
primry pict g‘aelﬂea e‘?%gsﬁ%ﬁh‘%ﬁ@%@r@&d%&@ﬁ‘%@%?é%@ﬁ%&f SEEORG
enabl e t he denddDuogrterf Cotrengn fitemeediBtRMG i) pi ' ' an
| NTRA picfture header repetition nmethod thattl(gtenf)tIﬂgﬂgtaéélﬁggzg%%ﬁ?’g%%and

semant i cs¥of a@%”ﬁf:'?'g@qseﬂﬁegéfrﬁﬁﬂ%{ theiexpeeted dutr ratesoiop thisth gedertidangirelass
utilise the iThe | i f. a. r epeat . the picture header for at
| east | NTRA- ﬁ%&nggs }?egﬁghte%ﬁ%gggggéﬁ‘m edr@éS@'&Pn %%bﬁd't'gl?i%rcessari ly have
to freeze the display, send a repeat request to the encoder and wait for

t he encoder &DQ send the repeated information. Thus 35 annoyi ng pauses due
to picture f é@k‘fﬁﬁf“@r@%ﬁgﬁ‘f‘iBdnlaﬁﬂpeaﬁ()ammmolewwiﬁér@mec&ihvmbﬁdc@b .
qual ity videg, cable to real-tinme applications and

. VOF .
also to non-r emﬁbﬁehgévgep%%iﬁ@a%ibﬁgg CbtPéwﬂa%C% BIAIYTES Aresearppledsatpple themy

not be ahbe tresclsleﬁcmbﬂtﬁa)iuhlﬁﬂ'%edfﬁic&ﬁ@ﬁﬁng:tif‘cgg‘gét dfr{a‘?g‘a@(]gars.ecﬁl:fqrg%gﬁy

decoder . The invention wll now be des , by way of “exanp
wi th ref er end® CPEe N & blawdnyblagk dasisi egsh bilockvnemieseRtigyrexsl phlapef a

mul timedi a mﬂm [ i.ons system Figure 2 shows an exanple of the
mul ti medi a conpg]%g%?rsg‘%w&e{%{%flﬁ'nedi a 5termnal; Figure 3 shows the

typical data structure of a video signal encoded according to H.263; Figure
4 shows an exarg‘l e of a video codec according to the invention; Figure 5
shows the dat@cht cogedr pictfrearasemeaiided thed eorresporadingutpdéd byitstreak, ggcoder

accordi ng=to_a. first. dinent. of the ipvention; Figure 6 shows the data
structurgsof agrra]a n@ﬁ@dﬁ%gﬁ@ﬁfgﬁ'cé‘ %H'éﬂtmr&W'B’h UpaYSS.sxtisherredeemrhntiogn to a
second enboditg@nbiogk &%, Ify@BbILER; dnih QU | £ L show ng
t he operati on@iﬁf a video encogglpegé%%?’di)'ﬁtg@tgoégﬁ%ﬁrlgy‘é}n%}ggid‘srrien rggj?y?rhe
i nvention. 15Mei gigiuse segment flayar alingittembehaanged be pess oo blsdksdorvi deo
decoder accorsgi ng to a first enbodi nent of the invention. Figure 9 is a
fl ow di agram Kowi ng the operation of a video decoder according to a third
enbodi nent of the invention. 20 Further description of the invention wll
be made with reference to the H 324

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-!engfh 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



and H. 263 recommendati ons. However it is not the intention tpllhggt mge
application of the invention to these or related protocols. Fi'gu % hows
a typical nultinmedia nobile comrunications system A first 25 nultinedia
termnal 1 comunicates with a second nultinmedia termnal 2 via a

comuni cations |link 3 and a communi cations network 4. Control data is sent
between the two terminals 1, 2 as well as nmultinedia data. In the

enbodi ments of the invention to be described, the nmultinmedia termnals 1, 2
are nobile/w rel ess videophones and t heé comuni cations network is a nobile
30 communi EHEPBhEN TR woakrobleck. a¥he IBEER ahaoioblockheats OSBIHpISE £8asq! i nk 3

9 inthis nt_ i radio link. In other enbodi nents of the

i nventi on, %%Cg&%ﬁ}f%%%ﬁ??réﬁﬁi%@ QE'ﬁ'S‘le FroRelectubl i ¢ Swit ched Tel ephone
‘Net wor k (PSTN) vi deophones or one may be a nobile nultinmedia term nal and
one may be a PSTN nultinmedia terminal. The termnals 1,2 may be used for

real 5 tinmbsspfly.i eaahi pictwecs divideiddedet sdgepdratsykmiwif @6 GRUPEEEH blockE
applicatio h.as retrieval services. Fiqure 2 shows the typical
mul ti medi a@%@'né‘rﬁ@%@@%@?@é& ﬁormmlgdma@ﬁeﬁ&ommmamrmwm er ni nal

conpri ses &owndeo prdsiac f l o] 6 g codec
conformng to Gg7§3. 1, ﬁ@g@gnp%rﬁg@g?é rrgﬁ(ggg?"%gfc%%tcgcﬁ?%t T fgo a
control namagseblacksihilita oior peach SB@EalconeRes difngnt Sptidial HooAD Hfie:o!

pr ot ocol , g let‘Flﬁg’l (%)gter/d mul tirpl ?xer 50 confaormng to H 223 and a nodem 60
(if requir ‘%lgg‘J” 8der WsJeacrohlocksavifiis the GABs from a vi deo capture
device of the termnal (e.g. a canera (not shown)) for coding 15 and

receives signals froma renote termnal 2 for decoding and display by the P
term n&d 1lidhe®ptoayisiige Bouctlined musio iscostas, 2@hReaidBiFiERd® diREscodi ng &
fromthe nicro%gopgd%f)t shown) of the termnal 1 and receives signals from
arenote t P - fetli® RYMEING AdpiBERR Of 6ANSBEULVE Juaspbkicks inot

shown) of thgnJofddr Tta for Jéﬁ&g:%@d%tg%f ra\estr;fé%ﬁ}e?gagte({) Bcﬁgxg\yqeq t?ryr gﬁ%ﬁoﬁ_%ihte)ed

20 for exenplary purposes o are not i
control nmatkgmacablakstafdhe slidee operation of the video codec 10, the audio
codec 20, the data protocol nmanager 30 and the nultiplexer/ , demultiplexer
50. However, since the invention is concerned with the 25 operation of the

vi deo de Opi f i SS| e ot her .parts of .the termnal
Wil bepr oy S piclfe Il anln® b BPaRliet DEARENRY 4RE WRRIR Rictiye ABAsi gnal
froma sigral thedeceditgaf tisépivtire dae. Ve @oded rameRIraiRA S afrapgayence of
franmes where each 30 frane is a still inmage. en displayed in seguence,

the frames HPFPI@EeE picture headerp ir QG Bnfoshaha piskirseisativided imtodl 7ixd ddent .
Thus the s s eqreferr to herein as a noving i mage. The
codec 10 enco esﬁltC goﬁ’%\%ﬁﬁgd?{n%%égwgcﬂﬁﬂﬁaagﬁo Cé"fkssource (not shown) and
decodes a received signal representing a noving inage for display on the
displa& 70._.5 ]

0  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



Figure 3 shows the data structure for a frame (or picture) of a vidkot0V 2003
signal encoded according to H 263. Each franme begins with a picture header
80, usually of around 50 bits. The picture header 80 includes: a Picture
Start Code (PSC) for synchronisation; 10 a Tenporal Reference (TR) forned
by increnmenting the value of TR in thé tenporally-previous reference

picture (e.g. I-frame) header by one plus the nunmber of skipped or

non-r ef er emes 4ve ektremelyShaiault {Tehey ovd@usl picﬁi.lfﬁaﬁéa{ﬂeist SRich %eérﬁﬂclﬁa)@' cture;

Type Info i n her the 15
AN %f b bl of B oktidkNnicRITBEkof ATIIA Bt WRELGRCERT'S (2,
OCI F etc. ic Hogt Severe |1§@F10¢t%m&r FHICE JHCSEPDIgNT arsumisech as ittt lempetad DCT

quant i ser p1ted1chen usarkes. 0 Erohie inl eat INTRAh@icRire thtager d@rim@htal }l)v/l #f8ct RBe pi ct ure

head f th
pi ct ur e8°°‘51§e Lgﬁ‘;iﬂ%%%ﬁ%é%é@ﬁ%dﬁ% SR R Bt hemier

for the f P8¢ nnecessary. Thus the picture data 82 fol | owi ng
t he picture header 80 includes a macrobl ock notion vector 821 (if

appl | cabl ehropbsh PhRAK p8ab 34827, 29 @@h{éﬁ T‘R/Fe&@t ﬁoet%,g?gl?% | Lalq segment

of the plgﬁels%zﬁrren header enet
segment <0 P8 108 ddansmisden guer aNeisy (Canpnisgiipe Chisme]” 1@? oses a
synchi®ni digithlorpmardSsaiuyiddonbignal( @hsrissioe adyistegn tthat Iiru:ﬂliilﬁs of trdnkporGOB

W thin t hgro3tset Cfoi"r@e entihg %d?e an&k@ﬁé@%a@ ﬁ‘ﬂ} Cﬂaﬂ}. Sitt heysSage val ue

in ever nent o ven lCtU I'n the previ ously
coded plycﬁ'i’f%JS e hBa?&BlabPB fons of #‘%C?inﬁeFFéﬁség‘;ﬁaa%ey%gn%tFed piofther 5ng
quant i ser transbort regtls, onhi¢lGatgANTrspenstid cwith ngrmdily opeantrigstansport kellus@®te f or 5
the rest ﬁﬁth%ﬁ&aﬂslp@htﬁeﬁs ﬁmﬁ&sﬁdﬁxﬁtﬁaﬂg%ﬂeé %@@ﬂ&ﬁ@twmcﬂ tha We Biild tgam . The

head h data 86
o0 el OlBEE ot SHUGERD “(Iop SR CaPE) ARH BFOGE ASFURoPOPTt hat -

segnent . trasnfitetheataailhe demmmeipewoﬂtee@gvmggm&d?e dsplittiemdf peadenr e 10
data 86 uadth khéihe behwbaddd @ﬁﬁlg]hmé R8BI LHRbonfrBishWiRodiRRdeta1 89 for the

next fra ear to.a r.that the. |l oss of a

pi cture F}Egggire a%ﬁ% a&lgnselél%/%&rlmél Vé(}e‘roe(]:ttgér ﬁ‘hcél Hé%rgﬂfynlbas&poar%ﬁ@p&ere The

decoder will not be able to 15 synchronise to the picture, will not know

how t e EAGédﬂﬂmghﬁSﬂﬁeﬁﬂeﬂtﬁlﬁDMG (1L~,h EmEiéc% aeﬁﬁfeﬂacﬁoeyaméooeﬁ&ddg] d\éﬂeg the

pi cture pt e eo the data i.s arded .and a

‘request f%r ﬂ&{ngl %ngfn{e‘ﬁ {n fl %&g e% S fp0 ©FeqdsE and " echder are alss
provided as clalmed m the appended clalms

A first embodiment of the invention introduces a novel method to repeat INTRA
25 picture headers in video bitstreams, which is fully compliant with the ITU-T H.263

recommendation. The invention introduces redundant copies of 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
30  H.263. Therefore, all standard compliant decoders can utilise the method.

The inclusion of a repeat of the picture header for at least INTR A-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

35  annoying pauses due to picture freezing 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
40  repeat requests from a receiving decoder.



transmtting device. In response, the transnitting devi ce~codéy &4k ane in
| NTRA node and the current picture is frozen on the display until this new
20 I NTRA-coded data is received and decoded. Figure 4 shows an exanple of a
vi deo codec 10 according to the invention. The video codec conprises an
encoder part 100 and a decoder part 200. 25 Considering the termnal 1 as
transmtting coded video data to termnal 2, the operation of the video
codec 10 will now be described with ref grence to its encoding role. The
encoder part 100 conprises an input 101-for receiving a video signal froma
canera or viBedneiiosewiiinsw baalascribedt be wegrofiexample oﬁ{g,swiﬂqcﬂa;féf%cng t ches

t he encoder NTRP, - nbde of . codi ng and the 30 | NTER- node. 12
I n | NTRA- mtéeﬁteﬁ(gda\ﬁ%zlglr@ %{ﬁ&ﬁ”‘@ﬁ’w%"i nput 101 is input directly to a

OCT L r ansf ofigetr 10houly & FuliredibenaBild BSmmlRLtGR &efghe DCT coef i ci ents.

The DCT coefficients are then passed to a quanti ser ' whi ch quantises the
5 coef Fci enftigur@at phewe aswexapieoaf tred muitemepiaongheARdoREemEaRhéedL! ed by
an enco%i n ?Rﬂ%éP' manager 105 of the video codec which al so receives

feedback comtyOl¥from the recei vi ng termnal 2 by nmeans of the H. 245

control manageie 40sh i t t iser 104 i,s passed
t hrough an | Pver se (;)Egﬁh??g?lcﬁ)%ﬁgn%ﬁ%ﬂ%r@%r@%%ﬁ%r%gfjgp OI%89 The

resul ting 1 dad63:is added to the contents of a picture store 107 by adder
the switch 115 is opened so that the contents of the

- 110. In | NT, ge ; , .
pi cture st or'gu% NoYsRBEXFPle Pyidep&odee perordngtathe inventien:DCT
t ransf or merg; 5 Shd W et RREE strly ré‘ﬁfta%[‘%r}%egﬁvﬁeocfr?@hgfRh?q._ﬁsffgt froma

subtractor 106 15 the difference between e Si o1 and .
a previlbus ¢needgracshiding tsa fitsirmbadimehtopthetinventishor e 107. The differenca.
dat a out putF.fromLﬁ hﬁ‘ sul%trgc or, 106 represents the prediction error between
the current' [FUCE & NAKS ey aiﬂ glpeiyee of @nuercosiedréddea mionak optpettune ast or e

107. The preésddraitcBidifg ‘65%5%&5m%%%f%g{ﬂﬁ§%;§% . The data in the

picture store 107 is then updat e passi ng ut put by the

quanti ser 1Bigurérduighat Rewi disgram ghawlnigs eie PRratks bhea | ANES SEBr&Sder
transfornmer 109 .an aag i.gg the resulting data to the contents of the

picture st oRECHEH re"iti‘éf_,ﬁ”leﬁ'é0§m9ci6her_ﬁm- bei ng closed. A notion
oyt ure st of SISYB PRNE! ok Ricr AR AGRAREHE Fbersibh, Pt “iter 068 oduce

picture storé 107 in a conv 1 ona r oduces
header i nf oaceardewy tbe first ambedimosst ofteé @hventienfl ag TR 112a to indicate the
nunber of t?e frage, bei ng coded, an INTRA/INTER flag 112b to indicate the
mode of codii™pe? ti§r ROV dmarampshowing, 4 ieriengtiann oé xa 1Mideo (deeoderhe

details of é&f‘orﬂ@l{fi : . ntised 30 DCT coefficients 112d and
t he notion vector 1%@?%?%}%’"{&%&%%% 'b&%ﬁﬁm'
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 fimit 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. Controi data is
sent between the two terminals 1, 2 as well as multimedia data. In the
embodiments of the invention to be described, the multimedia 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



" 13 coded. These are coded and mul ti pl exed together by the variable I_znﬂ@hf
codes (VLC) 113. The output of the encoder is then nultiplexed with othér 2003
signals by multiplexes 50. 5 In a first enbodi nent of the invention, the
encoder is arranged to send repeats of the picture header after every |NTRA
frame. A data store 114 is therefore provided to store tenporarily the data
to be repeated. In the first enbodinent, for every INTRA franme, the picture
header 80 and the first segnent of data & are repeated for transm ssion to
a receiving e d i he form shown in
figure 5. Asﬂgﬁggﬁrriar?b%m&tﬂis éT}g?ﬁgﬁgb?egﬂgéﬁ%ﬂ%g%dﬁﬁéﬁtﬁs&ﬁ‘?Iﬂn‘f%‘c’&‘ait f or
the first pi coulimesio tefminats wndpobathgbel Pufilti Svitcher TeIdINERE ¢Rsig@r The
data conpri Sﬁésﬁﬁ pi,cture, header 80, the data for the first segnent 82
and 15 heade aYideQriioliessor gpe JTids Bg R Mobile grulimedid temaingl ped gnet ur e.

The picture i;ﬁg,pl Ok f.irst, segnent of the first
pi.cture 510 are t6 %?ﬁﬁrsgggrgﬁ"ggr'%@&gear?rﬁn%lihtepgglpa%éaéé‘ga%%tqﬁeg ‘Jfg?éé‘a%'r
havi ng thé sdimee tapplioation rsethr 25 0ddebRephoRe i fcdi Men-rd41amEe %Jﬂlﬁafi@ﬁgat ed
data is foll ovveg by g&ta for , subsequent | NTER-coded franes 520, 522, 524.
When t he nextSUsD aS\BRICVE 8fRiG8S- coded, the data 510° for the frame is

foll owed by a repeat 512' of the picture header 80 and first segnent data
82 for the INTRA frame 510'. This arrangenent |eads to an overhead of

around 227 byRigsrepBr shaWiRAhé rigpieal eiultind@ia Scdfsheh@N R CH itofnAal 2 WLk
picture. 25 The rece%ohvj_ln?% decoder will therefore receive a duplicate of the
t

header i nf or FRRAfYMS 4 {Redamipal eameprises Aeidepsagdecatyednfumingtat e as

describ i ; A th f Pi ct
Sot ect s om0y RibPSaflallid bodt 30 LanbRE AT 10N, 4 Rp P RRESHaNEhasS S0s (o
or nore pi ct woaf@hinhg doldr $20)av cogirdl earsyEe 4080Men alt é%{g?%‘?%c(:&%gm%ttge”

t he second and &4 supsequent picture headers (and their relate at a)
are ignored Biefheétyseatelprotanes a multiplexerdemuitigleder 6deonfaming o +h223

The TR of ¢ nietitha HBdeh 80 (A IEHLEEN" TR viddth Bt R TegaRes iR e
pi cture headesided baptuae daviveder tHe Rempiatliag. E%ﬁﬁ@a&ﬂ??@%&ﬁwmgﬁe@?ﬁgﬁéat he

i nventi ﬁg wi || be operable with a conventional deco n
arrangemdft ANd reggtvessignals frem ademetecterminab? farrdedodirensnddisplayrbatthéi | ity

i s however pr.Qui t i r nbodi,.ent. descri bed above he repeat ed
Llat a re?/at eg tgﬁhﬁz}%‘jio&? ﬁcgﬁg{aé{t ‘zé‘p@?% ch'filoach[e& 5ﬁl’ﬁ?'Y‘?§ B’Q\F/‘?,Sc raﬁ;O‘i'ggt he
pi ctur e headdforanige tieropabae [R5t Sridfvr) iof fHe t%ﬁﬁipﬁm afl rbB&vas g@Ha‘Fs frbnfigcoder

according to the invention therefore detects e presence o €peated dat a
by det ecti ng refste dermirtabr2 dar i depodipige aind f repreeiuctisn bieera rlegdspetkernthats es

stored data t the frame, 15 I n second enbodj nent of an encoder
according to ﬁ%@ﬂ\qﬁ#ghgi%m"@ggunﬁ%ﬁe Yiepedrde g ol abere @re slaseebedcoded
bi t streal  SoebxmpRAYBUARschiHIPa® aRMotiREAddP1PES Nl addi ti onal
ipformation to the transmtted video sequence. Instea redundant frane
i's“ used to repeat the picture header

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



20 of a previous picture. The redundant frames are added t o 4 HEIWidded
bitstream by an encoder according to the invention. The presence of a
redundant franme is explicitly signalled to a decoder or the decoder nmay use
inplicit characteristics of the redundant frames to detect the presence of
a such redundant franme. 25 Figure 6 shows the fram ng structure of a signa
out put by an encoder according to the second enbodi nent of the invention.
The encoder is arranged to generate and send a redundant frame 612 after
each INTRA franme 610. According to H. 26%® consecutive conpressed pictures

cannot 30 riempression of ke iIBANE BREHANRLSS: t ess the Reference
Picture 15 li%%%_ecti on (_Rgg) mode Ps ?geg’c%'t”gdb’{(ﬁﬁ#ﬁé SNfUCHTR Ok HEBIS

enmbodi ment B8 rehipdhreiprasie sroving imapy. e S de 1 0 @ns8H &L tHROmol ot Ni s
case, the picddd & -anl vy is stored in the data store 114. Unde
control of thed%:ogﬁfgr%e%@gg[ ﬁgu%ﬁ tﬂqjia%’%”& GPE decries 8oecsivetit sigedl such
that the nemeppésenting ahaedes iB8ge forl disbl cﬁﬂﬁ% gty for the INTRA frame
610 except that the pi ctur% co%i ng tspggi n hecﬁgﬂj%gébfi eld is changed from
| to P ahd the TRfield is increnmented. The control 105 also sets a field

88 which i ngj tather as,been no change to the data for the whole
frane. In de??ggé t9 rsﬁﬁsg |%‘%agﬁtﬁcﬁqﬂ@é@eag)&ﬁj@@% Popicide) lofidi videbosigh&oD)

flag, whi chencodedtadcordieg et 263, 1, | t_is. | NTER-coded and,
when set, indicates tha?g;nq further @n?%?ﬁné;ﬁegﬁ*% éﬂge%p'qi%ﬁe lf'?l%f%é‘gwobl ock
(i.e. no-cHé?#@g’)’.OfS[ﬂb%‘@cﬁerlts- TREERituearbeab2080 fdudé?4, encoded in the sane

manner as franme 24 in Figure 5 are transmtted until the

next INTRA—franZa E%ﬁ”ﬁ*?}%"t&%E&W%Smmrﬁ@rsaéﬁﬁbdi ment of the invention,..
redunda® franesa Ae@porst IRG&ENAE (TR s.well as | NTRA-franes. i
The redundant frane gf repeat ed gat y@ﬁ%kﬁﬁ?’%@tﬁgc GralyRatiéR B0 of

around 50 bits, the tempotsily-predoes feferermehpiofuieh@. 99-FaeE PRLAGKSHicHI N a 20
OCl F picture) ar}gussqﬂg st u fi% bié.ts to make up an integer nunbet of bits
for a conplete fTane. cAYEYEL ¥ SKiPPRda OF cBORdEfAreRee rpictuyes sihdey thensi st s

of 19 bytes and ﬁfbﬂ@Uﬁ?ﬁ%n%ﬁw&e%ﬁEeff;‘l’(f‘tmbead to the data streamfor a
( pi'c

28.8 kbps H. 263 connection and a ure. This overhead val ue applies
only if each I NTRRefintommation (fa“ﬁrfﬁEl)nﬂﬁaaﬁm@rmnbﬁg%ﬁﬁmhﬁ{gf%?wﬁe& Ahe
redundaI%t 25 frﬁpe. a ea;{‘léﬁR»%\ e overhead may be reduced 1T a redundant
frame i'S encoded AYE & % NAERA (O e HER. framedthec farmat ofitehpicairer ence
to figures 5 anqcfF, @@gétggegﬁcpd pi cture header for a frame is provided
subsequent to the original Hqta for the frame of a 30 picture and prior to
data for the ne@uanfiaseinformatibn (PQUANT), which indicates the DCT quantiser to

be used for the rest of the picture.

20 Following the picture header 80 is picture data 82 for the first segment (GOB,

N
it

{. i
Vi
Wi
e o

slice efc.) of the picture. Owing to the presence of the picture header 80, a
segment header for the first segment is unnecessary. Thus the picture data

82 following the picture header 80 includes & 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;



A third embodi ment of the encoder will now be described. This enmbodi4métiV 2803
based on a new addition to the Suppl enental Enhancenent Information field
(Annex L) of H. 263. The addition enables repetition of certain picture 5

| ayer fields of the previous picture in the supplenental enhancenent
information fields of the current picture. (Picture layer fields are not
repeated within the sanme picture since they are in danger of being
corrupted at the same tine as the picturéllayer data itself.) 10 The

‘i ncl usion of Supp:emEPigshe N ' ' ' is
i ndi cated, according to H 26 ,Fggp?ﬁhr{agé%%g%rﬁ@BE{&eﬁg@s\%Mg%ﬂﬂgﬁﬁﬁfgﬁa cates
that suppl ement argivemipigtungt ath thesaows valeaas & tid pfevidud\PEOIRRY phstifiner i her
PElI indicates thathagwfur.t her PSUPP.field follgws with further information

and so on. 15 Dec 0 e . capabilities

d 9 RIHIES A& phihetaipstyPe e &g & mned biliti
described i n AnnexydntRerirfePhAeH(GQUAINE : i J t. taod. This
enabl es backvvarde%uorrpati bility fo(r tQhe exf{é‘g‘cfgﬁH@%%B%‘gﬁﬁéé?@ TR L so
that a bi%stream Wirirest ofdRe picisee Ginlese changetisehsprapahtly i ihesbitiraa)so be
used without alteration by decoders which do not support those
capabilities. 20 Annex L of H 263 describes the format of the suppl enental
enhancenent ThE YelRld Mes@Bl g4nidh [ g ; i Lay.er of

thi s Recommendat i gﬁ{.é The presence g]fep'?hjlggnés&% ﬁgﬁ%ﬁ% E@Iogvn%aléggﬂg%lc Hre

i nformati on datai §fil{icatreacrobloeklmotion vestardifi dppivable PEhd léck 8aia)F6F irRe

bet ween 25 everrﬁ oct off PSUPP data, The PSUPP data consists of a four-bit
function typeP9RETad NETERYFEEE; GPNWES WithaSemstenttheadsis ffeead piatuesi ze

speci ficei Oaa@%ezﬁmt‘[ftﬁéhﬁ%ﬁ»‘@ﬂ%?@ g TABGHLQD I {fat a,
optionally followed lloy anot her ?éﬁéﬁlg{'@%ﬁ%q’ n’girbg&a%%olﬁ?&geﬁﬁgor&ﬁ? A
decoder whi chextdeene esthanfsentt i on type 17 indication which it does not
support can discard the function paraneter data for that function and then

check for a subsequent function type indication which nmay be supported. The

FTYPE val ues i 4B fi8yeiPssBadef iadnangss ?‘ﬁ“pik{br%g%'ggghc%ni{ﬁygégv%?Thi S

enbodi nent of the invention wou equire SOMe C

H. 263. Theseeffbatages theededodindpeolief ipiittifean The addddet UMt hen Hey Rdle to
i ndi catig& (FTYPE) .in Taht%llce, L.1 of H 263 e.g. Entry 13 - Picture Layer Data
Repetiti om; SHFMONEe L0 e Piglirgn Withnah keqw hayy thenpigiuse dissthesn encedes @f f ect

of this 10 FEYPE 40de & 8niiondlf. R epetitlon, Function
shal | ‘be useg tg ‘%e'pgzgt’?1 "%rérlct} ai ﬁ’ Q%’g{sh%o'f'@pﬁé hggggﬁgr‘éﬁje%%ﬁ't i"&ﬁO{SfO‘t he
pi cture | ayethedddta intischeiqur and ausqguiest forean NTRA prtadeathddtelisisesh@) the
appear in nai ural syntactic order beginning fromthe Tenporal Reference

(TR) field FANIBtHGEevigsr a respense. Hhe Bargmifing dedigsventias arframe in

repeated pic I t it e petition |l d _be
exactly the ggfn'gA a@bﬁ%eﬁ@r ?Téei %g eﬂf ﬁ)lc;t@{eegsrn?rﬁ%erﬁ ﬁg {P%r &ég%é’n'ﬂfi]%HﬁoE?‘fvi on.
The DSI ZE3f i éNTRAfcoded d3f4 is rediebaideand llecodsder of repeated bytes. A DSIZE

equal to zero is reserved for future use. The picture header information
then 20 follows the FTYPE/ DSI ZE octet. This proposed nethod introduces a

id bl d. t N di ts wh i
corTupt ed pi Cre % SAORS LRCo bl BF ARlS%h oRef TP RcRa AE [ErfShne’
begi nni ng of Theeidwxtodaccddmrises AR GRICHEEr paR 100VHRIES HeBbdstpdhoopper ati on

of a decoder is typically faster than real-tinme video-data transm ssion at
| east at low frame rates, the decoder is likely to be

25 Considering the terminal 1 as transmitting coded video data to terminal 2, the
operation of the video codec 10 will now be described with reference to its
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.



able to recover the tine spent for waiting the next picture to %Ef‘finéﬁ 3-016‘
possi ble way to inplenment an encoder according to the third en[’oo i ? 30
is presented in the flowhart shown in Figure 7. Wth respect to this 18
enbodi ment, picture header refers to picture | ayer data preceding

Suppl enent al Enhancenent Infornmation in the bit stream syntax. The
unconpressed signal is input to the encoder (700) at a certain frame rate.
5 Abit rate control algorithm decides qghether to code or to skip a
particular franme (702). If a frame is going to be coded, the picture header
is coded first "'04). The picture header is also stored (708) in data store

114. No monG INTRA-NGH, Rhé Wided SIg4Idfatn e it 464 iéﬁnp{ﬁﬁ)eﬁirgl\}gﬁ%ﬁ% pagrely Lhe

header aromthe current picture and the hea rom ous coded
10 pi ct ur edrangiermaerc $03 whieh dramsforss(theqixeihdsthanta be TEIHidiontg0i Tige t 0 be

changed ingé)' S if%tur? (G‘CO ared vvi(lg]h the previous picture) based on the
picture he p'SC@? IPRES &Y gﬁ?n D3F58Y 401 d Iaptiser 84 which (pientiseDths t he
previous pidgafficiedtss BN ' S@idy 962 LAS tﬁ?g@raﬂg§é|*‘ﬁo4p£r‘ét égngi?ggé%r e_t hat

(710), one needs to repeat the picture hea t he previ ittfe as 15
suppl ement &ndediag ceandied  Mmanegemttiodn of Ghbevides ecoddie whgleiatgy reasivegcover

the picture _header of th revious picture (712) using the GFID of either
i %

the current eﬁﬁﬁ?%‘f gogirok ﬁ%%@trﬁ?%’v'ﬁgéﬁgﬂﬁ“ﬁéztWemﬁﬁ’é‘i/Pf)bfg Hi2ébueantrafti nal |y,

the rest of F ahUrgnd ' | conti nues

fromthe bera?ﬁﬁ(i;ﬁ*gﬂ?'?og?é.} %513.96_('3_ e rf K@g‘iﬁ%é‘agﬁ@ﬁ?@ #\fég%%?’eﬂgﬁp%'@%r@ﬁeat ed

wi t hout t hdnPSGe Auaeliseat 108 kpd tdre invesste DCD WlatshemeRMOPU! e debiti

systen&éic rrar-c rect%ng code. A systematic error-correcting code is
such t A%t 1G4tASA | hefantenis of grrigure staresifddey addert . rlssiNTRAL he

are the picture header, its are

Suppl! enent areEnNemweides ity thefautpetdf dre iInvetdeDaTtardsf@fRr 169nsequent |y, the
selection of the error-correcting code affects how many bit inversion
errors can be detected and corrected and how many suppl enental 30 bits are

needed to PLHONFERUHbde SHPEWIRPY 85 i QPerated to accept from a subtractor 106

15 the difference between the signal from the input 101 and a previous picture
which is stored in the picture store 107. The difference data output from the
subtractor 106 represents the prediction error between the current picture and
the previous picture stored in the picture store 107. The prediction error is
DCT transformed and quantised. The data in the picture store 107 is then

20 updated by passing the data output by the quantiser 104 through the inverse
quantiser 108 and the inverse DCT transformer 109 and adding the resulting
data to the contents of the picture store 107 by adder 110, the switch 115
being closed. A motion estimator 111 may generate motion compensation .,
data from the data in the picture store 107 in a conventional manner.

25
The video coder 100 produces header information (e.g. a temporat 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 112¢ (i.e. the details of the quantiser used), the quantised

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

.
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19 in the enbodiments of the encoder 100 described above the encodej hag onna
been pre-programmed to send picture header repeats. However the encoder 1%@
can be arranged additionally to repeat or refresh the picture data in 5
response to a conmand from a decoder. Additionally or alternatively the
encoder may be arranged to send a repeat picture header every time the G-ID
paranet er changes state. 10 Considering the termnal 1 as receiving coded
video data fromtermnal 2, the operatioﬂ of the video codec 10 according

to the i nvencpdadwiThiesaoavebeodias arichediltipltked ebRRacBy tBei i4rigits odhag, r ol e.
The termnal 1 re 'é |tinedia signal fromthe transmtting tgrnina
2. The denul PPHP&@L 28139% iogﬁé%e%f Reenreder ietiea muliiptexedraithatbes
derul ti pl exed; ggggy$nm@mgg§4i§ correct parts of the receiver e.g. the
video data to the video codec 10, the audio data to the audi o codec 20 and
H. 245 control data to the H 245 control 40. The decoder 200 of the video

codec decodes_the.encoded.vi deo ta by inverse quantising, inverse DCT
transf or ﬁng?%n%er%tt Pﬁ%@%gégﬁﬁgmﬂ’ﬁ@‘%t@? Feodge d® crtangeadie ¢o deetrad i s
t hen out put il I 0 e ceivin m nal
1R shown | o7 HSIHAREBLRD HeaBatlnel Aled WIRATRINC A SR St 18 %

conprises a tiaeiektreeprogidgtinodstors esmpairilathe daareehd HatatSE" 1330e MRt
i nverse DCT tr n%orngr 221, a mption conpensator 222, a picture store 223,
a controller eﬁ‘gb Fent {oL g i TRA ttaree d fea pistwpehomierap@ and tthaecfirse30

and 232. The I 240 T | | deo .control si.gnal
demul ti pl exe(?%gp{oénrgt fgﬂaetﬁcé%ggéﬁjue}ﬁt‘élﬁﬁ%ﬁdﬂg tg{r?sglﬁﬁ?lﬁg P e rﬁ‘fﬁﬁ%ﬂﬂi @?%f- 50.
I.n practi@e flesdbatencbtierodtpbtsadath e tenrp@eshodmdntigarecont rol | er 224 of the

decoder may be the same processor. 30 20 The confrol F'er 224 of the
decoder checks the integrity of the received data. An error in the picture

header may npgh +.he: pi ctur.e c be coded and is, lost conpletely
or it is so corrshgwe]d‘ht ﬁgt%é:té’litgee‘?&e]eg iswaﬁ%fegw.w@" ih?iqaé? ft@ﬁﬁB@i fsht of
the decoder widturex@40bef des aideredigrlan NPREBHarABeE ANTRA 809% degglery49D
recei ves encoded data, The Variable Length Decoder (VLD) 13 decodes t he

recei ved dat £FMPIEESathee Ristureoheagen $e ghe ndatar fogithal first aegrent ug2 uard whi ch

h f t i i 3. That is t , the VLD 218
Gocomr oLbes RHERE B4 ald b Y 2ea i sty af i B PIENESTOTRE ct ur o
Start Code (PHurevhédder 8thend esetiedssabhe Ting sfe‘@t dnPbt file 1%%98%&?(% H3gs_the

information within the picture header to contro e inverse Quantiser 220
and the swit @ieiben regrated me datfyBH 2, the repsaterhpichae hetder havihgTRAfgzane, t he

i tch 230 | h £ i device 221 i5s |
the picture SeoPERSstpld TROHS B shoind Vemer | b asaisoeleiars folowed
| NTER- f r ane, syh@atswor 6hb288udns INrEsedoddifrbhies E?,Qé?g%. Ev?ﬁ%ﬂi}ﬁélﬂ store

223 are added to the output of the inverse DCT device ecodé
predi ctidh edNIRA fgmadaspded4heldata i9d Odfec tuefraine isifuibivedthy alespstst 5+

L, BTt ] a8 S5 A BT THTR Pl 115

This arrangement leads to an overhead of around 227 bytes per INTRA-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 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



the decoder stores this data in the tenporary picture data st;grf@ . \When
t he decoder receives, decodes and identifies the repeated h&a & a (and
the first segnment data 82), the decoder then uses the data in the tenporary
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 frane (or otherw se
determ nes that the picture header is corrupted) but does detect a segnent
header (e.g. by detecting a GOB start tf[%de GBSC), the controller 224
changes the status of switch 232 such at the data output from VLD 218 30
is input tcUDSEqUERpOIAITS beaders e(atat éhentae@éﬂ%at’éh@re%g?rﬂnréﬁ'tby ghart from
t he 21 c%?l%fd T%§Cfcop%em ncg jt%ge VLD wi |l not be Iab e to synchronise
to the start of the prect dr €CCREGREEIRETIHanages & somestly decade dne firdtat thfe
decoder hasodtetmentedithe pRRRE feddbr|BRANAALTEaE1nborRASHECEOML SIS ©
frame 510. The data stored in the tenporary prcture data St

t her ef or e cHRFNCERE Ml figngue the 4epetiteondsf theepihdtlhl? he?a@r.t L q:mt_,%] %déﬁé‘dﬁn]gnt
segnment - d t.he. se d segument, e header for e ird seg ,
Sarnere | dtoldhg t@eté‘%eﬁfg% G ont, ot Mea grvargiont wihda oBerabls Ngiiblt ad

i cture heasgehtd obe , recei ve B
8ecoder wil | thereﬁ)‘g?bbe ?'ﬁtﬂfgggg%@gﬁc?ﬁ?@g%‘%@%%gﬁ‘&tfﬁe§H'¥ 3 dlffent
data 512. TeNelézetiee inwrdone ContmatitiltyaisSidweedmpionlddo t he repeat ed
picture header 80 and repeated first segnent data 82. The controller
detects the PSC in the repeated data 512, reads the PTYPE I! eld in ég ngd
header and |hhgr firstdrotsd 5@{5' 0 nti,ser to

and opens sl\t/}vi tchﬁgggoéi n chggiggﬁge tgdeEO%%YB%S{%Q?%t@?inS# e@{@% e{O_ an
i ndi catlOng iaeoMNERAPaL &fe. frafhe and st paftid(lj.llw tgegegﬁagae Héﬁdiéfeérﬁcpg\egc?qatltiﬁ-se? hgzox-c.r-:;::.f
repeated fi nent of 't data) is decoded by the inverse quan

ang the | Dé%)?;tpgﬁg?to??ﬂrﬁ% %ﬁ@‘et H‘&zl{f@coﬁ‘eﬁe‘ﬁ‘@iﬁaﬁﬁ@rﬂlﬂgsto ﬂh@tlmtisgggﬁinges

i s output f i S he .de er. re

that t Ee dat{LI gmifgl%nd(i)‘?%g ?(ﬁg d&%o%%p&crgh?éﬁd. %&ﬁ%%‘e&m‘} tﬁagi?%taJPE *Reader
80 f ol | owedneymplete dragnaibns BEnfrecevetli asd usegratted abtp¥® dofpidte thai ct ur e
header for subsequent frane, by for instance, the decoder decoding 25 the
r epeat ed da'?%{n%12 and then detecting that the subsequent start code is for
a diffggent 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 finareesy8l smbodichent of ha dreoger atyordin t thesineRtidASeliin@stput to

[ . tiser 220, and the IDCT transform 221. The decoded data is
E Egnl g\tjtegﬁte‘“ 58 franies are addaed to the encoded bit stream. Such a redundant frame

is not used to bring any additional information to the transmitted video
sequence. Instead the redundant frame is used to repeat the picture header

20 of a previous picture. The redundant frames are added to the video bitstream

Y
il

\.uy

by an encader according to the invention. The presence of a redundant frame
is explicitly signalled to a decoder or the decoder may use implicit

characteristics of the redundant frames to detect the presence of a such
redundant frame.

25
Figure 6 shows the framing structure of a signal output by an encoder
according to the second embodiment of the invention. The encoder is
arranged to generate and send a redundant frame 612 after each INTRA
frame 610. According to H.263, consecutive compressed pictures cannot

30 represent the same uncompressed picture unless the Reference Picture



22 to the picture store 223 to update the contents of the picture stioN&8V 2003
with the rest of the decoded data for the current picture. As nentioned
above, in the first enbodi ment of a decoder according to the 5 invention,

t he 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
whol e picture (e.g. a picture followed by data for one segnent of the

pi cture but no nore). Other ways could Bg used to det ect the repetition of
header i nf or$eitttion (RBS Amoehenib aichetb@nRN). 'Tfhet 6di'n$erﬁtl:lf6lh[e

decode the frane 510 correctly, the decoder 'sinp scar s the repetition
of the headdPV&RAON[eRS e @l oa RPS b@lﬂmal@zleas whthism daseFithergichurel5

Fi 8 shousdarf hod of t decod
e Sor di ng- o aser L UBRER te 35 Hhag TRaelncortir SF TGS condpr aRE" >
decoder 200 thtasriginadlpictaroteader 8C & eded Isga@lthéixhé *?1%9% el héadlCa4H ©

start coge ((PSC) is the next code in the incomng d biég"the pl cture
header i 9 dd&fed Sasdbat fnsitbe INIGA ffameﬁ‘tﬂ)ﬁmentltbat tteopizsure46ddinghe

pi cture dat spcizat e WM t. mai,n nts of the plctureln

the tenpor a?}/a%n @\t tﬁée gat%gEstf%&e gz‘é‘ ?' %ﬁ@ i/a‘gn?)nﬂ?dbéh%sgg t@@lelserm ne
i f the pict unerdnerteds UfHeeGontSMOEAEI R ¥ BRI BOHhidl ﬁ’ldlé tELJ%
cannot detect the PSC, or if an error 25 detection net a{suc 223

CRC checksumha§ BEeRaFechenge ithihe data for erwholeofrairk. dn Hrﬂﬁ:ke}h“s fieldanet er

f d I t t hi t
header when TREAB5a G58ed BRGH0bR: Msiditon AR a8 o prost m respectioie
decoder 1200 4 hﬁamamlca thbe i ENTERIdored fArRe : or an
I NTRA frame, the decoder tries to decode the §ét Iﬂ&'?ét@ssthg??% djtﬁ":ﬁ'j
some of the ipfum@tiendsgeshiar tﬁﬁd“ﬁﬁ:@bionlg] (i&h’@cfmnmpcﬁubsmqmgmme t he
previ ous fr e icture store 228 and decoded.

If 5 the |os %%%3& §g2p§%{nu$|£ %%/rﬂgéré"’t‘f”'teé a3TAMERAZ0: 742, 524e next
dat a recei veshdwh irhRigdes8dsre trard ﬁ@@&ﬁtfiq pi cture header
and first segnment datga 512. The orlrclalcoder [d'é%gg N%?Bﬁﬁetgg?cture header
and the data for the first segrrent of the picture. The decoder detects

(406) t n entlr frame and, in response t he
decoder h'l?srﬂe ﬂ@%"qﬁfﬁ@sh’lé‘?‘gm BGW% t B lvVeRtiot cradupdaph ftarpes  afe dat a
store 228 onintfi@ebafics IRTERMramESREHNAhPNTRA Rappgader. Normal error
conceal ment techni ques nmay then be used to conceal errors within the

pi cture Which have arisen fromtransm ssion or decoding errors. As 15 is

conventi onal + t he .de SO S an update request to the encoder if
She. Gocodoa To& EaERE Ttartie nt fepsatEoimast wontains & 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.



A conventional decoder, on receiving an inconplete franme of 4&d&D¥, 2808ul d -
conclude that the m ssing data has been lost in transm ssion. Thus the 20
decoder woul d request an I NTRA picture request in the known nmanner. Thus an
encoder according to the invention can operate with a decoder that is not
in accordance with the invention. A second enbodi nent of a decoder
according to the invention will now be 25 described. Wth reference to a
signal formatted as shown in Figure 6,16f the decoder is unable to decode
the original header of frane 610, the decoder stores the remaining picture
data (84, i&)ﬁ_gor the frame in the tenporary picture store 228. The first
segment of I femb@imsnhottrmtem@djebeﬁm [ b 3 y the
decoder. redundant - franme 612 |gﬁﬂvi;;()b%e%§élﬁ\3@§d ewlg?']ﬁ (ﬁeﬁgpgads t he
data as beISn a??\?erEPe %6‘&@639%'%tphtheoSUDp@m@nah@emaAoemenomrrﬁﬁw ding to -

the prior asl 0 thls nformation (it being

appar egél ytaloo%ﬁ? uLgdéafnt A %‘éc%’g’% tyoé‘cggﬁ eﬁgrqqe ing qfnf\’)%'Fﬂlm dlctes ect s

t he recki ptayef Idszptﬁattbel pteﬁrllatrse g@d@r nby[h e e nce of an
| NTER pi cture h owed by d; fiel l [ I’lgl 1(;:Sgﬁ)!E’Iﬂgl?e’nﬂ:tOQIS e@ﬁ%\‘l&% Eﬁ

recei pt of ¥ l?&tfr? CISt fl ”‘@e‘é‘éfd%?t Riskise t %Cmrﬁ'mqumldﬂ ardﬂﬁ@ﬂﬁipefated

confi gure {ARid8RO e des the jnformation fromthe previous
frame, storeﬁirlpn tﬁfﬁ%ﬁ{?ﬁu@%@.c‘g ﬁ] Phi'& Maﬂgﬁ’eﬁ being: caeatetoat thee fir st
segment of saie tpeasitte pistunolaykd dagPradieyl 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

d d Al ly, th
Gocodel® g o RURtod WD PSS FoPEHERDent FibrSakomin aypiokis foaden Shoul &
begin in timandmeredphe@brdm\tgatoa-mQ635b9§%PEhelf¢aélaisfsre?rfh s*lg@‘;gfes For

i nstance, | et us assune that there 1s a“one bit 1T nversion
pi cture heSdRpiewenians ifergatien fpiavurie amd@-bihdisd @SUPRe P eitte [bgader

cannot be till lid and the start of the
franme can tEer eig‘ or ehge yeieg $‘§gB§C|ﬁj§?} CKWS ‘T’ﬁ@%ﬂﬁ?"e’"ﬁirﬁﬁﬁp@ a8osa en.
therefore stored in the tenporary picture store 228 and then 20 when the

repeated header is received, the decoder 200 starts to decode the stored
data at® th@%@@ﬁ’rﬁ|Vﬁﬂcwér@ttﬂwppﬁdhar®<temtetapabﬁﬁ@ﬁbe@hﬁe@ RNAnaed wher e

hepect st HerEesidre oSN PERERRIBEE S feutrer. ﬁ‘—g.Jggsb[@; teskoord upt ed,
the data fccnmbhﬁblrtgnf@r NHErex@Enddie cfarp%ﬁmg§ Gt &f %Qx x %oht ”%?ﬁgépg' cture

data store 228. Subsequent data is then ecoded tes to
an | NTER- f WhiRh gidfes ru;ﬁet:@n‘etbetmendeereapammtmsclaangstsbnbé hesddl Glithot the

pi cture he ta fromthe tenporary picture data
store 228 gﬁg,r 8%@82?8%3‘??{3“{ B r?HPPBHtT‘ﬁS?ﬁépﬁb'ﬁﬁlQﬁe header of the 30

r edundzmt f r ame.

Annex L of H.263 describes the format of the supplemental enhancement é’j
information sent in the PSUPP field of the picture layer of this
Recommendation. The presence of this supplemental enhancement

information is indicated in PEI, and an additional PE| 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



25 When the signal is formatted as shown in Figure 6, if the decoder, v
manages to correctly decode the picture header of frame 61d, the dec{')cféq 2003
wi |l continue and decode the repetition of the header 612. As descri bed

with reference to 5 Figure 6, the repeated information 612 conprises, the

pi cture header 82 (including an incremented TR) and a field 88 indicating
that none of the data has changed with respect to the previous coded frane.
Since there is no data stored. in the tefporary picture data store 228, the
decoder wi | lindlicatat diHideit rdrsdian f . 12 and decode t he
subsequent frame 620. 10 On reﬂ%?%ttj&g@gagidd%%raetﬁggﬁré%m@cegﬂﬁ‘i“ﬂﬁr fi8ta ne

t hird enbodifeedfatofunctien ianzbmémmhe&kdmcni%ubﬁé?ﬁéi]ﬁimgcﬁg? thse iiﬁk??@ﬁ‘ﬁdrpn
0 e Suppl enent a

uses the datg fol]low,ng_ the FTYRPE DSl ZE oct et !

Enhancenent ‘iE{P]lF@I‘W i nSLi"?PCErE’éi'sﬁb%és'lqmﬁE valugfe WhichdBavel dechedefirteal ateor ed

inthe te [ : third.enbodi nent of the decoder
MpostRiNn i TABIE §. FLPIE0aS PRE erﬁ@?@nb{bgtgﬁw@egﬁ% o

wi-l | now be described with reference to feQEes use
of the SBI mameahargatelochimedlL edH.RE8. WiHckechhapgoGR:t 0 the encoder and
Figure 7. 20 The decoder operates as follows. At first (900), the decoder
receives the picture header of the next transmtted picture. |If the header

b e 00T, (A ki, 4] a7 et RIS e

probl ens (902). Then, it can continué to

(904). If some errbof Hi2fBe2s Eihets edPiciurb hayBi Dt RePEARST dn301 ), the
decoder searches {906), faor the first error-free picture segnment (GOB or

)
slice) header of 4he pretiFEsiopen Agnexil of Bhsexpitanationeafiheosffedtont tes t he
first regynchronirsptpoirg g% Lon. If the GFID of that header is the sane as
in“the previous picture ? 08§ t he decoder can recover the crucial parts of

the picture header (910 ﬁ’ﬁmiu:mm_fdy@ueD@h%CR@F@ﬂti@rQ Fﬁn%gﬂ%]n sﬂaﬂr%é Nekddr gyn t hat
particul ar picture segnent,. |f the GFID differs fromthe 26 one I n the
previous pi cture 'PBBR) CeliB Urldd i theeapded sepesetation ofthenpiturpi lalysr e

tart de. If t i : t hat i t ai SEI i ct
header repet ti on B gi Y B 088 T Bpbolidteli sl terevdadatirel ¢ he
current picture (sYhcticldrdendegrirting F&Im the T%wiapﬁefb?éq%% ?ﬂﬁ? Iﬁﬁ?he“pi t

stream 5§ack to the first resynchronisation position € plicture
| ayer ddfa does rSReWRIGS.nf 818 RIELCbiis avereaenovespfoit thenrepdmed ancdes

hes f th j t-.start d hecks (920) if th
GHID 1 the headds < Fha S SRRy B FopofiPhiud i celpactingho somsang
decoded. If the GRDeightat bistabamt RSHHACSHARpARRIhG BEQNAH. tHE BFhE R dieader

(910) and continue .
of the SEI indicates the number of repeated bytes. A DSIZE equal to

zero is reserved for future use. The picture header information then
20 follows the FTYPE/DSIZE octet.

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



10 decoding fromthe first resynchronisation position. If tbz &apk,D%g%re
different fromeach other, the decoder has no nmeans to recover

corrupted picture header. In this case (922), it can request for an | NTRA
update, for exanple. The tenporary picture store nmay store coded data for a
plurality of frames. 15 Since nobst franes in low bit rate applications are
coded in an !LATER frame manner, nost of the data stared in the tenporary
picture data store is likely to represqgt prediction error data and hence

s 1 cf ent TEREE G PRI S Bioneio) NFRARY BT afetPonereeiER 11 ame
QO F b o A B B o B Ay B it ko8 ares of L he vi deo
are also stored in the terrporary picture data store 228, these are also

i orure of 318 UBmdBsbaf sBhRbinital (i sored SaRbbrAls wtam e %éé’LoES?ng
pi ctur & st Ar Bitafatd kOntrbRBRGritHrh NG Wﬁet er t87co %%@dé@g%ﬁw ar 5

decodi ng a_conpressi on encoded video sig

recei vi ng ens €&8)orlf erframleds daing toémrmﬁdt, lthf@pmﬁm@héé@@dsfdo@@ﬁa‘lrﬁ a
vi deo signal sai d, canpressi on encoded data to detect picture
header data Q@Oﬁnﬁ'c et higasiends A13@ storgd \(70Bhiny deleestoreetiidy Ne andisy t he

Brror i thepracor GO [Rddi e kol ol nf Fidnef Fadehnbehpatar of
t he pi ct ur gohedtier cdaent (p&ﬁl)lref Iannh the Meadehe fRmphesttprevienseshdtd a

|tself1 and. cgecodl t he toregqf i.cture data using the repeated picture
header1Qat HIEEES: DU gNGR Wo&fe &TQ@ whethenithy ¢iDcisaigeing tawsrein th

ascer Cai i G nRes i hE PRATE(cBnpred 46, HRARRAAE) BeblS piSF AR R, 11 ane

of the vi demtsfe;)rmladers tod the cmmtphaﬁepmaibhsogbic@lrésﬁaﬁﬂh@r@Fd?t@fClHé‘g a
repeat of BI ct.ure ader da @ﬁego? when the received data relates to an

i nconpl ete f)%Y'P”%fF" urg glse di ramyBershiR of the Bigluig b@&f@rtbiahg?'t(ﬁ cI ai m
1, wherein e &gt e p eader data (

conpri ses: %%ceﬁegjl%nﬁ%gq%et hgﬂrﬂgs E@Buzltr? %r réefgteﬁ%/ @&QP& ik h@?@de@s picture

header 15lat a;l.(;:ﬁlbe)mannhl Emmlneenﬂat mfommm fotheRese dhé deddigdt ddrefedial @
frame of the vi Ega {)?’l unaltered with respect to a reference franme of
the video &gl uéeh edder gt edé"leé'msrﬁ'ﬁ'@f@ﬁﬁ)dﬁ"w ﬂ@p@EtD@ﬁ efther phet ur e

header dat t ding t
Cpader 99, kRO (RS8P BREFEPoodnflIE WATaR! olEER HPYTSFR E0.00
data (80) iof therpicere dstermadbdt(7ma).darteri theStoding lbdp R:Bﬁnﬁ@éﬁ)%ﬁf ¥h@i cture

data store (228).
beginning (700).

2C

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  bits are needed to provide this error protection.



30 5. A nethod of decoding according to any preceding clai m wherefn thHe/ 2003
step of detecting the repeated picture header data (80) conprises exam ning
the picture header data (80) of a subsequent frane to determ ne whether the
pi cture header data (80) of the 28 subsequent frane includes data
relating to the picture header data (80) of a previous frane and, if so,
detecting the repeat of the picture header data (80). 6. A nethod according
to claim5, wherein the step of detectintf the repeated data 5 (80)

conpri ses exam ning the Suppl emental Enhancenent Indicator (SElI) of the
header of a G}ubse%gr(lant frame. 7. A nethod of video encoding conprising:
recei ving a l §& egipsiinents gk thoepeederi 00 epsaited; atove it Fneadenihas
representing ram j /1 deo,signal, tog forma conpressi on encoded

vi deo bi tstrgg(rarllfl Pe @{?@?‘E‘ésjdegd By 2 Pif}‘?@‘gﬁhﬁpﬁ%ﬁut Haweventhe encedard dat a

within said todprasbeoarrangsd efidwiciagy it L & paLt within
t he conpressi on encoded vi deo bi tstrelz(ambi'%%ﬁg?%ééﬁe% af?%ﬁﬁ%tﬁgeeraaa&%tlg (80)

for the fantesppgsglo A Gasmmand fomeacedoder. according to claim 7, wherein
part of the data is repeated only for franmes which are coded in an
| NTRA-frame manner. 9. A method of encoding according to clains 7 or 8,

wherei n the Adgitiahally datakeRmtvePiHe 8 i ata (80) and a
first segment_of pi?{ure dat a (gg) of ﬁg[:(ﬁ!eePfr\ﬁ%}’néﬁ él}gé}%%dn& ﬁ%’&‘gcﬁ)r%%%di ng
accor di ng t oPEHiredreagenpreryinoe tres G2 perametai chareeeaitae, dat a consi sts of

pi cture header data (80) and an indicator that no picture data has 25
altered since a previous franme. 11. A nethod of encodi ng according to any

of ,cl ai 0 7 CondMlerhehetamiing ©hRoalivigREaL: OQeBioCatt%i@nggader@%it@P( 50)

conprises adding the repeated data to t pi cture hea ‘?'H“'@
subsequent f@BgR@liogoofl fhe Aiden todeactdraticogiing t6 teMnlanibe "QillNnbRE be

repeat ed dat i S.i.ncl.uded in the Suppl enental Enhancenent I ndicator
(SEl) of a sg%é%g)&gn?"tbr gﬁ%r_ence toglts decoding role. The terminal 1 receives a

multimedia signal from the transmitting terminal 2. The demultiplexer 50
demultiplexes the multimedia signal and passes demultiplexed signals to the
15 correct parts of the receiver e.g. the video data to the video codec 10, the
audio data to the audio codec 20 and H.245 contro! 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 terminat 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 controf signals demultiplexed from the
encoded multimedia stream by the demuttiplexer 50. In practice the controller

105 of the encoder and the controller 224 of the decoder may be the same
processor.

30



13. A video encoder (100) conprising: an input (101) for recgitifiih@pag vi deo
signal to be conpression encoded; neans (102-114) for conpression encodi ng
data representing a frane of said video signal, characterised wherein the
means (102-114) for conpression encoding 5 data is arranged to repeat part,
but not all, of said data, said repeated part including picture header data
(80) for the frane. 14. A video decoder (200) for decodi ng a conpression
encoded vi deo signal, the decoder (200®pconprising: 10 an input (50) for

receiving c r i C ta representing, conpressed franes of a
vi deo si gna; ; ggégegl%ggﬁr%egﬂ@g(%a@dﬁﬁ'%% Qéﬁaﬁ%@ﬂfﬁg of Hie) reeriyrd datan
encoded dat/n teoroddt €6 pigiueé WeBGBERRG mERR i 82, 84);
characteri sed wherein Et)he deqo_derm(égorg) ighéfﬁ?aeng@g'lrtgo&tsnﬁé?ggt egzoéle%ture
data 15 (828nBiglostcompletelysirdrip spicarumted titat iiscftectiz@@iosthen an error in
the picture header data (80) is detected, and arranged to detect a repeat
of the picture header data (80) fromw thin the conpression encoded data
i tsel f, 5andA fiestdmaadimbhteorshe® HeBod G kBG4t ed picture
header data (80). 20 15. A wreless com@uﬁ?%gﬁhgg%ewgéﬁﬁ%?gpﬁ%ﬁm'

i ncor por at ithg 4aFodACHY Feceives leneoded diatay  ToecV aiiabld Eength DAcvisEMESH

i cat i e (1 2) | ' decoder (300 di
P 62 AT gHE et bended MER RO e s endos! r i1 ng
to clai m 13standue WReRdRE 4 ARMat aGeA 44 BSolA iég?dd?b]‘f' Tﬁﬁbgsﬁmgggﬁgt%% (200)

according to claim14, wherein the decoder (2 I'S arran
ascertai n wiebPh&id deasseriassasl theremmeidedddatatand dlatentrdier 224etéters fheane of

the vi Lanal i of a frane, and d
oo el o e S QbR SaPERNT e Bidsiast datd. o Ther cartilion 224 thedanm ot &5
part of a fygthelifforfatiasatsin thaQuAs FRLELNSD > kG éﬁh&‘i&v‘érg% ghén yherein

the decoder (200) is 35 arranged to ascertalin et her subse 939{recei ved
dat a i ncl ude20 gndithe switch @30. dathan(ibe) PEYBES infoimestictaindicatds ah INTRAler data

signifies t a.frane of, the video signal is unaltered with respect to a
reference f'?% e o Cr\/é#eﬁ rened ang, e PFtpé’(S,Of@é\feéﬁ%DféTﬂﬁé(lceafﬂ‘%tseat of
the pi ctur gnhafes thé didues be t . . A decoder_ (200)
accordi ng tgbcl aim 1?? 18,&%?1%3,3 m%%f%ﬁ%h%ggo@ﬁmﬁgﬁﬂ)' %EC ‘&1 ﬁ’?ged to
exam nd & helNi iR fraeh dbe ewitda230( B0 losdd andubeesniashts! s piendetsesia ne
whet her thezg'%cture hgatder dat a (8g) of the subsequent frame includes data
&% 3005 OHibs fHPYL PE tha dyvaspe Dpredpvae 33 1aftbeaieoded so,

relating to
detect the prPRHonYrrd)By 2ddu re header data (80). 21. An encoder (100)
accordi ng t% claim 13,P%erd§rﬁ23;4he repeated data conprises picture header
data (80) and a first segnent of picture data (82) of the franme. 10 22. An
encoder (10&?S aﬁcor i‘réjg tobcl aim13 or 21, wherein said repeated data
consi sts of [i_"% fFrEqh&abes 15110 deeads thenirshnicturel keadsr, buids able ioi detece dat a
has al tRy edotiel $8gReRtsH Y Bictir B g. the GBSC of the second segment 84) then

the decoder stores this data in the temporary picture data store 228. When w

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 controlier
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



23. An encoder (100) according to claim13, 21, or 22, wherein the q@avpgﬁb%
15 repeating picture header data (80) conprises adding the repeated dat

t he picture header data (80) of a subsequent frane.
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P 109%& () -t ﬁﬁ;@rfss s_q@%'@)‘@éa(@_ 1g. 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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rest of the decoded data for the current picture.

As mentioned above, in the first embodiment of a decoder according to the
5 invention, the decoder detects the receipt of a repeated picture header by
detecting the occurrence of a picture header which is not foliowed by data for
a whole picture (e.g. a picture fotlowed by data for one segment of the picture

but no more). Other ways could be used to detect the repetition of header
information.

10

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.

15 Figure 8 shows a flow diagram illustrating a method of operating a decoder
according fo 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

20  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
25 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).

T,
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5  the lost/corrupted picture header belonged to an 1NTRA~frame, the next data
received by the decoder will therefore be the repeated picture header and first
segment data 512. The decoder decodes (408) the picture header and the
data for the first 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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occurrence of an INTER picture header followed by a field indicating no-

4, hoV 3

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 o aiter
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
refates 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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10B] g° ghh% I\If\}h[en 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
o5 Figure 6, 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,

On receipt of a signal encoded according to the third embodiment of the
invention, a decoder according to the invention uses the data following 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 embaodiment 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 (908), the decoder can
recover the crucial parts of the picture header (910) and continue decoding

30  (804), starting from that particular piéture segment. If the GFID differs from the
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10, i 3" 109218 0 1the; Rreysysorictyre| (908), thecdp@ider searches (912) for the next

picture start code. If the picture layer data of that picture contains SE| picture
header repetition (914j, 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 typicaliy

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 also 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.
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store (228) when an error in the picture header data (80) is detected, detecting a repeat
of the picture header data (80) from within the compression encoded data itself, and

decoding the stored picture data using the repeated picture header data (80).

2. A method of decoding according to claim 1, wherein the step of detecting a
15 repeat of picture header data (80) 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 repeat of picture
header data (80) when the received data relates to an incomplete part of a frame.

20 3. A method of decoding according to claim 1, wherein the step of detecting a
repeat of picture header data (80) comprises:
ascertaining whether subsequently received data includes picture header data
(80) 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
25 - that a repeat of the picture header data (80) has been detected.

4. A method of decoding according to claim 1, 2 or 3, wherein the step of
detecting a repeat of picture header data (80) is.carried out each time data is stored in
the temporary picture data store (228).
30

5. A method of decoding according to any preceding claim, wherein the step of
detecting the repeated picture header data (80) comprises examining the picture
header data (80) of a subsequent frame to determine whether the picture header data
(80) of the
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A method according to claim 5, wherein the step of detecting the repeated data
5 (80) comprises examining the Supplemental Enhancement Indicator (SEI) of the

header of a subsequent frame.

7. A method of video encoding comprising:
receiving a video signal to be compression encoded;
10 encoding data representing a frame of said video signal to form a compression
encoded video bitstream;
characterised by repeating part, but not all, of said data within said
compression encoded video bitstream, said repeated part within the compression
encoded video bitstream including picture header data (80) 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
20 comprises a picture header data (80) and a first segment of picture data (82) of the
frame.

10. A method of encoding according to any of claims 7 or 8, wherein said repeated
data consists of picture header data (80) and an indicator that no picture data has
25  altered since a previous frame.

11. A method of encoding according to any of claims 7 to 10, wherein the step of
repeating picture header data (80) comprises adding the repeated data to the picture
header data (80) of a subsequent frame.

30
12. A method according to claim 11 wherein the repeated data (80} is included in
the Supplemental Enhancement Indicator (SEI) of a subsequent frame.
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means (102-114) for compression encoding data representing a ﬁame of said
video signal, characterised wherein the means (102-114) for compression encoding
data is arranged to repeat part, but not all, of said data, said repeated part including
picture header data (80) for the frame.

14. A video decoder (200) for decoding a compression encoded video signal, the
decoder (200) comprising:

an input (50) for receiving compression encoded data representing compressed
frames of a video signal;

decoding means (218-234) for examining said compression encoded data to
detect picture header data (80) and picture data (82, 84);

characterised wherein the decoder (200) is arranged to store the picture data
(82, 84) in a temporary picture data store (228) when an error in the picture header
data (80) is detected, and arranged to detect a repeat of the picture header data (80)
from within the compression encoded data itself, and to decode the stored picture data
using the repeated picture header data (80).

15. A wireless communications device (1, 2) incorporating an encoder (100)
according to claim 13.

16. A wireless communications device (1, 2) incorporating a decoder (200)
according to claim 14.

17. A video codec (10) comprising an encoder (100) according to claim 13 and a
decoder {200) according to claim 14.

18. A decoder (200} according to claim 14, wherein the decoder (200) is arranged
to ascertain whether subsequently received data relates to an entire frame of the video
signal or to an incomplete part of a frame, and detect a repeat of picture header data
(80) when the received data relates to an incomplete part of a frame.

19. A decoder (200) according to claim 14 or 18, wherein the decoder (200) is
arranged to ascertain whether subsequently received data includes picture header data
(80) 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, determine
that a repeat of the picture header data (80) has been detected.
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picture header data (80) and a first segment of picture data (82) of the frame.

10 22 An encoder (100) according to claim 13 or 21, wherein said repeated data
consists of picture header data (80) and an indicator that no picture data has altered
since a previous frame.

23. An encoder (100) according to claim 13, 21, or 22, wherein the step of
15 repeating picturc header data (80) comprises adding the repeated data to the picture
header data (80) of a subsequent frame.



