; €3eXTTUW >WOnX6XTXsx21 VI DEO CODI NG This invention relates to video coding
and in particular to concealing artefacts 5 introduced by errors. A video
sequence consists of a series of still pictures or frames. Video
conpressi on net hods are based on reduci ng the redundant and perceptual |y
irrel evant parts of video sequences. The redundancy in video sequences can
10 be categorized into spectral, spatial and tenporal redundancy. Spectral
redundancy refers to the sinmlarity between the different col our conponents
of the same picture. Spatial redundancy results fromthe simlarity between
nei ghbouring pixels in a picture. Tenporal redundancy exists because

obj ects - appeeay Ihﬂgarprevious image are also likely to appear in the
current iﬁHUET"#ggg%ﬂﬁfeSSion can be achieved 5y taking advantage of this
-fenigoral redundancy and predicting the current picture from anot her
picture, terned an_anchor or reference picture. Further conpression is

achi eved byl Tiepatiomelrtns onvidempening and inlpasticiiiat tdesmidaling ddapadigt i on
bet weengt h ts, I re and the reference picture. 20 However,
suffici%nt%ggﬁg%gggﬁgﬁgégknot usual |y be achi eved by only reducing the

i nherent redundancy of the sequence. Thus, video encoders also try to
reduce the quality of those parts of the video sequence which are
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time encodithg isherenhsedirtdRmoyt 6CME B8qREHCATBYMGELAUS8e0 encoders also try to

reduce the quality of those patts of the video sequence which are subjectively

less important. In addition, the redundancy of the encoded bit-stream is

25  reduced by means of efficient lossless coding of compression parameters and

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

Video compression methods typically differentiate between pictures that utilise
temporal redundancy reduction and those that do not. Compressed pictures
30  that do not utilise temporal redundancy reduction methods are usually called
INTRA or I-frames or I-pictures. Temporally predicted images are usually

forwardly predicted from a picture occurring before the current picture and are




problens in real-tinme applications such as video-conferencing. 20 A
conpressed video clip typically consists of a sequence of pictures, which
can be roughly categorized into tenporally independent |NTRA pictures and
tenporally differentially coded I NTER pictures. Since the conpression
efficiency in INTRA pictures is normally lower than in I NTER pictures,
| NTRA pictures are used sparingly, especially in |low bit-rate applications.
25 A video sequence nay consist of a number of scenes or shots. The picture
different fromone scene to another, and
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A video sequence may consist of a number of scenes or shots. The picture

contents may be remarkably different from one scene to another, and

therefore the first picture of a scene is typically INTRA-coded. There are

frequent scene changes in television and film material, whereas scene cuts

30 are relatively rare in video conferencing. In addition, INTRA pictures are

typically inserted to stop temporal propagation of transmission efrors in a




5 signals. These nethods estimate the correct representation of erroneously
received data, fn interactive error conceal nent, the transmtter and
receiver co-operate in order to mnimze the effect of transm ssion errors.
These net hods heavily utilise feedback information provided by the
receiver. Error conceal nent by post-processing can also be referred to as
passive error 10 conceal pent whereas the other two categories represent
forns of active error- conceal nent. There .are nunerous known conceal nment
algorithnms, a review of which is given by'Y. Wang and Q -F. Zhu in. "Error

Control and repprsaigied viden sighdband 5o Srovitia Faraidne BiccAsoMineo a B[o%%gi ngs
of the | EEE | . 86; .No. 5, My 1998, pp. 974 - 997 and an article by P.

Sal ama, N @t ‘oif, and E. J. Delp, "Error Conceal nent in Encoded Video,"
submitted to | EEE Journal on Selected Areas in Communications. 20 Current
vi deo codi ng_standards define a syntax for a self-sufficient video

gi tstream Fﬁ@“ﬁt’fﬁse %oﬁ%ﬂgris%&aggarmtwmeclj ﬂdvett;aiﬁsmis@foﬁ/\/éi'rbfd?gnﬁhﬁ‘y fof Wy d
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four |ayers: d%l cture Fi ch_ure segnent, nacroblock, and bl oc ayer. e
pi cture | ayet - aareRbAtar-fregs Yds (eemplsingeavistahhits) énquinectly entirtaa and

t he decodi noha& syRehidridatich of o thi .a .S arranged.in
so-cal | ed pi ct_urg header . 10@%%&5 ct Hre'e %e&r‘%ﬂ%ﬁ%@n cage é'g?ﬁ%grp%tgerﬁ
group oftSpl o¥Rish Mot die geskrated| figrr anBlegifamhbinatias biphiBbE8dewoRicVi ded
i nto groups : k group pf blocks (! typically conprises 16
successi ve pﬁ(defufqﬁngggéﬁa%% %gff)jegak%%%@%san‘“T@rﬁV%ﬁtﬁooﬁaﬂb[@CE-
header fol | osyehinisEien.f or InTesddibbecksrorst doh8r ORRERN lice.str r ed
node i s used,_each ﬁggt?__re is divided into sli cres%gﬂ. a:%a;[ét‘es'aaoss(')tf %é A

r

slice contai HESIIRY OF RBRISsiN &idac ppplicationsi usingaircounteliabl®atRPf or

each slice ceafdpdepRiiodoish ?ﬁ?&ﬁ ata far the nmacrobl ocks.
Each GOB or slice ig di vi_dedl@?R 0 m%’rﬁo%wgg%?erﬁg CP'@B'I@E‘RE“'EGH e ‘F‘S 16 x
20 16 piddel sefapdenl vidgo bitesikagmof | uni nance and the spatial |y corresponding

8 x 8 pixels (or block) of chrom nance conponents. A block relates to 8 x 8
pi xel s of | um nance or chrom nance. Bl ock |ayer data consist of uniformy
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the transmission path. In general, on receipt of a signal, transmission errors
are first detected and then corrected or concealed by the receiver. Error
25  correction refers to the process of recovering the erroneous data perfectly as
if no errors had been introduced in the first b!ace. Error concealment refers to
the process of bonceaﬁng the effects of transmission errors so that they are
hardly visible in the reconstructed video sequence. Typicall.y some amount of
redundancy is added by the source or transport coding in order to help error
80  detection, correction and concealment, Error concealment technigues can be
roughly classified into three categories: forward error concealment, error

conceaiment by post-processing and interactive error concealment. The term



encoder and coded with variable | ength codes. MPEG 2 and MPEG 4 | ayer

hi erarchies resenble that used in H 263. In H 263, the issue of error
conceal ment is typically perceived as a post30 processing function and is
generally left to the decoder. In ITUT Study Goup 16 Question 15
docunents no. 17, 18, 19, 20, 21 & 22, presented at the Ninth .. 6
meeting of ITU T Study G oup i6 in New Jersey in the USA in Cctober 1999,
it is proposed to add normative | anguage, to H 263 to specify several error
conceal ment techniques and to define a signalling nechani sm by which an
encoder carffewaodneerdrhicentealmeatet ogddsrs Qbﬁ‘ft}%s’éﬂﬁécﬁﬁi@egi G UGyBidey - PleCt Ur e
5 basi s. wever, this(%ggroac is unduly restrictive on the decoder since

the error CHNERHRESIISLEHDEAUNdFECY s Hidiranpmitiret dater toi enhanesi theeatrdry t he

encoder. Thisik I t t@.gﬁ. sed,.even if the decoder
has 10 thegggﬂrrigbﬁgé)ﬁgggeﬁféggﬁg Clegg‘use. A%%%ﬁrﬂgﬁ'f Eyé)oisf'PEQC%ﬂF@c'ie?%‘Fs t he
invention ttheopetiatiopsoati thed dacotdrindrazbhorts adi BigadciErdgss YfaRa! receivad
representi [15 a seq.lljgnce of pictures, the nmethod conprising conparing a
first prct ufdalPt hlBese dBatnogs asimate dhpearatigpsesantations of @rmneobely
simlarity e fi; icture onparing the neasure
of sim.lar i'?sév%gtg hrﬂéaﬂabriédg%?%%egﬁgl} ??@??%ﬁ%gﬁ @1%3?5\5‘?1{ ra?ﬂf? ofRVeR he
nmeasure of &i-ppewtétin dodsr hotminialzet the ikttt off MHanehisdion CSh@R. Ofheose
simlarity, théi ng an ll. ndicafor indicating that a non-tenporally

predi cti ve BPFEESBRAEY HilRe kéﬂgﬂi“&ﬁﬁﬁ Rrovtglegyby the ieegjuentEniec oder
and, 20 whegoddzal _SiFl Rt ]{r%q rJu ped_.criterion of
simlarity, out pur?tgﬁﬁg%gree%tn%fdggtggpbi %al ca%?gn&gé?%{agt’r'%glegogr#oggﬁlyep‘?'@‘a'f ctive
error dénhcecgnnsaimant whersamtiedother twe datagories ubpessan fortes 0figttive error
Consequent lé{Oﬂc{ gﬁggﬁgoder is free to choose an appropriate type of error 25
conceal ment “MEHGL or a corrupted picture on the basis of the indicator.
However the indicator does not specify a particular algorithmand thus the

decoder is _gﬁt restricted to using a particular algorithm Preferably the
error concedl'®&Enfre THBaIBES krowpdansealnent algoritemsy eerafieBOofsivrdhaid t y

does not negeh reast Ik AL d=Cj k he, i ndi or _then indjcates
what nmay beﬁl\/?e\%,d\o'as asglé"llgarjlgg F‘nﬂs]%e 'eéwor %anoqﬂﬁgﬁq’?geﬁﬁg@?ﬁf%m bl es
the dectider Comndenieatiomhiic Repievt”y Fescdmlings of tht ERRNRoR cEB)eNaNd, M4y t he
basi s of thigad ndi | O 0 _select .an propriate type of error-

conceal ment l'%%%"ﬂ?ﬁcga%‘% “&@(fﬁ?‘iﬂf‘ afiigle ,by\?ﬁreéaiﬁﬁha:éﬂf%fghm@ﬂdrﬁrd- Delpi cat or
changes frotEemne ComeBaliRnanpl Mcodbievifspdas n 3‘&% |ng, a
non-predictive error conceal ment method. 1f te\{ye [ﬁrm%gr q%o*r;écte% men ¥' n%f cat or
i s the sameSelesiedAeeas neonmuniostiens. responds by applying a tenporal |y
predi ctive error conceal nent nethod. For exanple, at a scene change, the
simlarity between the current picture 10 (the first picture in a new

scene) 20d Cuerchavidgn coding sthndfeisidineos SyREBO R bbif-sufficient video bit-
stream. The most popular standards at the time of writing are ITU-T
Recommendation H.263, “Video coding for low bit rate communication”,

February 1998; ISONEC 14496-2, “Generic Coding of Audio-Visual Objects.

Part 2: Visual”, 1999 (known as MPEG-4); and ITU-T Recommendation H.262

25 (ISO/IEC 13818-2) (known as MPEG-2). These standards define a hierarchy

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

To assist in error concealment, the MPEG-2 video coding standard allows for
the transmission of motion vectors for INTRA macroblocks within INTRA
30 . pictures. These motion vectors are used only for error concealment, as
follows: if an INTRA macroblock is lost (or corrupted), the decoder uses the

motion vectors belonging to the macroblock above the lost one to get




be low. The encoder will therefore update the error conceal nent indicator
for the current picture. !'f the picture is corrupted, the decoder detects
the change in the error conceal nent indicator and uses a non-tenporally
predi ctive conceal nent nethod. Additionally the decoder can determ ne which
| NTRA 15 pictures are used to code a scene change and which ones are
inserted into the video sequence for other reasons and-can select an
appropriate conceal nent -al gorithmon the basis of this infornmation. Sone

vi deo encoders coge all frames (after t heDini ti al frame) as | NTER 20

pi ctures. |f resemblingbldchEFRMiacews rupted, . a
traditional dec dersfs likely to uJ?P?i R?%%bgﬁgﬁqgﬁgg}gﬁ#%ﬁﬁﬁﬁ<aﬁeﬁ{F%npt
to conceal tfETER SPQUPHtIRKUINEEANLThe desodsr anntddIERhpi etrur@witﬁoésﬁjh%%m“y,
the contentsapforfiyp, Pictures fromdifferent scenes are mxed and the
conceal ed picture may be unacceptably distorted. However a decoder
according to the 25 invention is able to detect on the basis of the error
concealnggt }nﬂ%gg&or that it should use a non-tenporal conceal nent nethod
instead of a'lf alth@ cHdax has ankisrachicsle stractarei witturfeuf Iasre: Bickier ent

scene i s not t., .30, Co red with the solution

i ntroduced i ﬁﬁl\/%%c}é%jm%fc a?@gﬁﬁégﬁgm‘f BW&%? iPiFiUrSRYeF data pentain

i nvention refjararestarsedfedtingbthe iesierpibtiuts aped ahudie dé‘%]:"ﬁﬂ@iotf iti%' o (%]the
ar .

i nvention operat i t.h, existi.ng video conpression stan € do
not al | ow mﬁ?ﬁ%@%%ﬂ%‘ﬂé'sf%taﬂ ranged indisoctalledauctaire beadei.n MPEG2. The
error conceal nent indicator nay be included in respect of the whole 5
picture or part of a picture. In the fornmer case, typically the indicator
i's incluliRd iTReaPipiureusegrhentitayer loanaeiftiezf 8 e grdud b HREWAL | g8 ot o he

i nvention, t eYi %20 5{3% al iB encoded according to the H 28 standara and
the error comvenl mente@th 36 rPELIre ds (didader jintor geouBsppl binsitsalh Grogneenent
| nf or mat i on. blatkt &G ORY tighica s & i@l i ndi cat-or y al so be
10 i ncl uded i i (I;.(ﬁj,r eg stggrren?_ t?‘eﬁrglesr%g gér &n@%%’%;‘%‘e@&%ﬁ@%@ Eﬁ‘}ee%%oded
picture. Acc FPNEEI% 08 abidionshGEB beaddrefollowedttyodataier endctopbers dgd a
met hod of en i Viieo. .Sl representing a sequence of pictures, the
Tot hod 15, o aepPpRal ISECS T AR FiRBEE TRt Rt iU o 8bitbinte wiss

cal cul at1hg instead ofeGEB.he dicoidotaihy DalNRR $18ubdd Sy Rt 8 BEC

pi ctures, cogggrﬁﬁiolrl)(g l}?&nﬁasure O{i simlarity with a predeter M ned
criterion of “STmolari a8l satihaties aensisisiafe slinooheader fodipwad byt duthiter
measur e of siime haicréhliovker ei n, when the neasure of simlarity does not neet
the predetermned criterion, the 20 indicator is updated and when the
measure of simlarity neets the predetermned criterion, the indicator is

unchanged. A { Wl d. aspect of the invention there is provided a
net hod of deco f‘%@?nbgﬁﬁ?)%g%a&f%ggm m?ﬁm&%fﬁ%s%ﬁﬂﬁ@fgb@%qlﬂémm ds x

pi ct ur es20 t hd628xetst{bp@ s Artplotiad) Y IiRFRINGE HhPhE ' si.gn
identifying for eéelcg__api cture to.)be decoded an ?%r?dlgﬁc%?&glg ‘?eﬁ%%@af‘?ﬁgaé ﬁeatype
of conceal meRIXSRAHNRIOs Hfechisminansetdomptesmds.ny bisadcesites id sdeg flidlg of he
encoded vi deq,§ing i ceal rent nmethod of the identified type. 30
According to a oﬁ??#?ggg%}?nag}%gt he invention there is provided a nethod of
error conceal nent conprising receiving an encoded video signal including an
i ndi cat or inglcz?(til nyqetge type of conceal nent nethod to be used in the error
| 0ok layer aata ‘consist of uniformly quantised discrete cosine transform

25 coefficients, which are scanned in zigzag order, processed with a run-length

encoder and coded with variabie length codes. MPEG-2 and MPEG
hierarchies resemble that used in H.263. ' '

-4 layer

In H.263, the issue of error concealment is typically perceived as a post-
30  processing function and is generally left to the decoder, In ITU-T Study Group
16 Question 15 documents no. 17, 18, 19, 20, 21 & 22, presented at the Ninth




9 conceal nent process and concealing the - error in the video signal
appropriately. According to a fifth aspect of the invention there is

provi ded a nmethod of 5 decoding an encoded video signal representing a
sequence of pictures, the nmethod conprising receiving an encoded vi deo
signal; identifying for each picture to be decoded an indicator
representing the neasure of simlarity between a first picture and a second
pi cture and, when the indicator is the sane as that of a previously

recei ved picture, applying a tenporal @ edictive 10 error conceal nent

met hod andnesgdirenot TEJIMGH Rt ' ; A . f at of revjously
recei ved pi gture? appl y?%ma@lgog t?%wtﬁvgﬁiﬁlgéb%mﬁ ﬁ%tcgﬁ;ﬁge&?:@%é'di ng to
a sixth adpcProjosereta adémarowmtiveelanguagpriovHEsE fo \Shaey QB8RS eror

conprisin L receivi a video signal representing a sequence of
15 pi ctur g:s(ﬁ] @gé@g tu{e?ibequuﬁﬁ Mg%l igea2 pigdlling sneghenismnvy wihichy abet ween

a first amshcadereandaf i c are,the measure of
simlari t%:, w,th a pr%@gﬂﬁg&qﬁie%@raﬁg %regg%f’gél%g%r%ﬁyﬁ%b%ﬁtt'fefe%"g U& an

i ndi caPor Ra%H-cat | ng the conceal nrent method to be used by a subsequent
decoder, the conparator being arranged to output an indicator indicating
that a non 20 tenporally predictive conceal nent nethod shoul d be used when

t he nmeasurHdowévai this apipds, Rk t ined.criterion, and, :
when t he msasu\;e of sipr%'?l adru‘?li.%;mrrg%lys th%étg}:eegg?grgm&%@cﬁéjrﬁ'ﬁéé :;“6‘?1,9"{"{’)' out put
an i ndi catSiNCRAkR@a: Mehachte bé usenpay Hie yleondel ist specifiet b9ahariHcowRE hod 5

shoul d be pspd cﬁ‘“g ecopder. 25 According tgo a seventh aspect of |
the invention ?@eérrgc 'S %E’%ﬁ%&ﬂ}?% ﬁaﬁn@ﬁPSdéﬁe vcﬁ\?%htﬁéhi?lﬁ?c@dﬁ‘d@s si gnal
r epr edént ithgsarsstods aeaifbletctisges, the encoder conprising a conparat or :

for conparing a first picture with a second picture, a processor for
calculating a measure of the simlarity between the 30 first and the second

pi ctures agagh i BOF fo sim:larity with a predeterm ned

criterion of ogimﬁ??g jat ?/{rspt%hsgE %lfgiggtgdﬁ%g'% tgé?%aﬁgé’&o‘{'%‘g%tﬂ pfthad of

i ndi cat orfeword_mo@ny@legosighel rm:&eseaﬁ:ﬁg @iﬁéﬂu@hbé}’oﬂﬂg%ﬁﬂ‘é@; tg{@gﬂe{f{;{,@ 10

measure o .ari oes not. neet the predetermned criterion, €

i ndi cat or c?oz‘ﬁéﬁi)%rgé e%yrgﬁg'%é"ntﬁf%‘eaplﬁ‘é@n"@“bfa SPAPNdrpiclurap sakuidimg a

pr edeti&r nimedsweidfahi @imildie bbb ERHURS fifst 2HRG %gé%%gndgvéégﬁgegsg%g—ﬁ;a&&gzp. si ng
i si

ei ghth aspiﬁct' of the invention there is provi a Vi
an i nput fBF MeRHGiAfFimiariy véded predriermingthtritecpnas airhilmgty ansergipce of

pi ctures, c ets farajdentifyi ithin the video. signal for each

picture t Jﬁg@mc?isgh%d&ar?ﬁmdﬁaé%%gi'{n}%i ?@?&n&? r@eﬂﬁﬁéﬂmegﬁé@@mm&

met hod t o $@iladlyd dutpwiiag dec ddicgtoprindieating angt @eﬁgﬁitﬁﬂlpb?ﬁlylﬁaﬁ&ﬂ%w

- vi deo sigr%}, rlJé' n conce nt thod as indicated by the“ihdicator. The :
i nvention W %‘%Eﬁ@e&g&? g&cﬁhq@d% Lgede k¥ riplsebsatiyenindetodeaf angnce to
t he a@oonpaliat fhe fHeu A b 64e i oms..a.mul tinedia nmobile .

comuni cati gns_ syst em”?%%ﬁm]aﬂﬁ?&éﬁgﬁg&%ﬁbﬁgﬁﬁﬂﬂ?ﬂ ﬁ’éﬂ'i?%f’tyx

conponent sSOWPUEINGY| an miilicatoer indicating i thate 3 tGoperaly epdmitReof ooy deo

codec; Fi e n of a bit stream as known according to
565! BHreimiE ettty Y B e se y a subsequent decoder, ?
Consequently, the decoder is free to choose an appropriate type of error
25 concealment method for a corrupted picture on the basis of the indicator.

However the indicator does not specify a particular algorithm and thus the
decoder is not restricted to using a particular algorithm. |

Preferably the error concealment indicator is updated when the measure of
30 similarity does not meet the predetermined criterion. The indicator then
indicates what may be viewed as a change in scene,




20 Figure 5a shows an exanple of a bit stream output by an encoder
according to a first inplenentation of the invention; Figure 5b shows an
exanple of a bit stream output by an encoder according to a second

i npl enentation of the invention; Figure 6a shows an exanple of a bit stream
out put by an encoder according 25 to a third inplenentation of the
invention; Figure 6b shqms an exanple of a bit stream output by an encoder
according to a fourth i'npl enentation of5, the invention; Figure 7 shows an
exanpl e of_a bit stream output by an e&%oder accordlng toa fifth

i npl ement akihtherinyeriiomenrahles the ﬁecﬁdgutwdéte&hﬂfh@ckﬁplbw&§ %b!dﬁg {d fpdi a

bi | A. f | t d bile t
Communi cat e e RS s BR e etitis Risibaion, 12 selest mapproptints fpeadi o

(i nk 3 #o of emodr dohcealmumt & isS_sen bet ween
the two terginals 1,2 as welélmdaasﬁft @%‘2{( héﬁa‘hg%}&'} 0@n§e§ ?r&t t he
typi cal miMtiCA ehanagsofiom sons framer to rm‘iotﬂer Tﬂh@ Bebeddi rp@ls, es a

d d d 20, a dat t 30, trol
ranager aGPPing bl i eREHrdt caribeaiven Ea?ﬁ@?Cmd”E%ae%gr(mceimﬁé’me&?
The vi deo indidator1ig MEceaMéSfréwaﬁbsfréﬁfe ‘E@del dé %ﬁ%@&&% AP de‘“ ce

of the termnal fyot shown) (e.g. a canera) an

decodi ng fiFBIRCE! d?ﬂ‘@d@“t’@reﬁﬁorﬁé}pngeamemlmpﬂmﬂ by the ternminal 1 on 10 a
di splay 70. The audi o codec 20 receives signals for coding fromthe '

m crophone (not shown) of the terminal 1 and receive signals for decoding

erm o3l 1 e The Cont Tl emnannge) ia Snlip SRARLE e ChuahO M i deo

termq ]( ]5 ghe control manager 40 "contr

codec ?0 it gictire Ja écnews Sﬁﬁﬂel fAed dae dagimictuns bf thenageioROscdiRvpie! | 3
si nce the Hen t r eration of the video codec 10,
no further drb?gugg?gﬁ%gggpﬁ@ t@%ﬂe@%gggx@%g{) SREChPoRcRameRk ndieatogiorwi | | be

provi ded. e orrgnk piclurehdivh ickexaitgperapiad Qslede to the.
o rises anbencg%ij?gcgrt 1(%9&6\@%%%3@%

i nventi on.; e e C CO
part 200. t:?'h-(la:@er? og $o a?ra?m?'@on@éiﬁﬁqrsﬁﬁ aHS%‘n;ﬁjtnqemnﬂmraﬂgcpledmmea vi deo

signal fr cuneeelm@iianethod. dagd C%E%?ﬁ%ﬁ tLhe term
SW t%g 102 .,swi t ches t he encode?%@?ﬁgéﬁc@ﬁl 8”81‘” W@fﬁblﬂﬁﬁp‘an
| NTERSE ndtidUrgsaiavrad fe gedetmecend abasiggnand iwhich thes leﬁ@qhsé@éd %o

transfor i f ¢l ansforner 103. The
coeffici gﬁﬁg gtrdgof)%jéﬁﬁgggée tg{ha? E%El’ﬁ‘?%rarfgzpatmaﬁe logta s%@l'@lh@ate

coeffici erﬁ@CGBmQﬂtteﬂgommth@Baﬁg cfndistinforsiagiohi ser 104 are control | ed
by an encodi ng control manager 105 of the video codec which al so receives
f eedback control fromthe receiving termnal 2 by neans of the control

manager 4Bomelddeo encoders code all frames (after the initial frame) as INTER
20 pictures. If the first INTER picture after a scene cut gets corrupted, a
traditional decoder is likely to utilise temporal prediction in an attempt to

conceal the errars introduced by loss of an INTER picture. Consequently, the

contents of two pictures from different scenes are mixed and the concealed

picture may be unacceptably distorted. However a decoder according to the

25 invention is able to detect on the basis of the errot concealment indicator that

it should use a non-temporal concealment method instead of a temporal

concealment method. Hence a picture from a different scene is not used for
error concealment,

80 Compared with the solution introduced in MPEG-2, which requires additional
motion rectors, the invention requires considerably fewer bits per frame. In

addition, the invention operates with existing video compression standards




In I NTER node, the switch 102 is operated to accept froma subtractor 106
the difference between the signal fromthe input 101 and a previous picture
which is stored in a picture store 107. The difference data output fromthe
5 subtractor 106 represents the prediction error between the current

pi cture and the previous picture stored in the picture store 107. The data
in the picture store 107 is generated by passing the data output by the
guanti ser through an inverse quantiser 8 and applying an inverse DCT
transforn1%g9 to the inverse-quantised ta. The resulting data is added to
the cont ent'82b0 NRe afiowpnetian veatbos foridTRY reatileiflodid) . asAIIRId PR mﬁgé@t or
111 may gengrate notion conpensation data (notion vectors) fromthe data in
the picture store 107 in a conventional manner. The video codec outputs the
gquanti sed DCT coefficients 112a, the quantising 15 index 1'12b (i.e. the
details of .;the guantising used), an INTRPJINTER flag 112c to indicate the

mode of codiftRy SHENT eRtReaimenbind @ mayr basntiudétag léb%%éctt %Iitﬂgiﬁﬁéfethe
nunber gf gﬁ& I,]éqﬁe Qﬁl&g Cﬁdfd an(il _E}ge ﬁgtl on vectors 112e for -the picture
bei ng code mﬁfl ese are Puft HeRed ' ohE HEMas casge tiicallp e dndiatdroget her
Wi th other imaludéedddiz pithgaahsadel re ,_of e vi deQ codec
10 conpris an i nverspe ,quant?ds%(r) q%?@%ﬂgﬁv@@%ﬁ]ﬁ@qpﬁa?é% kwenton, 4
not i on congéﬁé"é‘{l%‘? Signal ia qricodeteastardingl 28 thedH.268 cubidirdeind e
controller bV Loeo .codec control sigpals denmultiplexed fromthe
encoded wlﬁbﬁﬁgﬁﬁé@t ﬁ(ﬁag’%nb Y t'%e"'fgué%%l'm Breexerppiemanialy rianammen dvet

control | er In@smetionhelretizotitier argat R 6A8F ifdi decoder may be
the s pr.&geés&r.. Tf}e operation.of an engohggélgﬂe(%@rld‘?'ﬁg{a?d-n?)ﬁ@%%?@nti on
wi |1 nbw bdAREET DU gegnead hesdets T macrebloek eadele of IheNsHoddedbe
encoded. Thyctgpcoder 100 30 of the video codec encodes the video signal by
perform ng DCT transformation, quantisation and notion conpensation. The
decoded video data is then output to the nultiplexer 50. ThHe multipl exer 50
mul ti pl exe 13 video data fromthe video codec 10 and control data
fromthe c?)ﬁc?’ gﬁlmgg}g{aageﬁ%ﬁ“ﬁj asBest Hg]Fh%irﬁﬂ%'mﬂébe@pbrwpwima rhathedao;

mul-ti nmedi a esicgdily aThiRlebesiGhARkedral thi ti.medja signal to the
recei v-jggg terminal 2 viat Eg m):eem %Eaﬂ'é?fsa réeg(‘jﬁlfgﬁle%)éf %‘le’ﬁgs’i ﬂ?/%r@?"@ﬁd

rel at es”t o PHPTISY LMPAIGIY dn firsldpicdute with theewomie piseasieBaRy mb% t hat

i ndi cates theadBT hod to be used by the decoder.” This -
may be included in '? %ggﬁﬁiﬁ&ggp&ﬁgﬁtt%?%{%@qﬁmewpgaﬁmu@@, goopiadiag as a

separ ate | dyermezaurd rodi siatilaritymayitte nalyredé {dd | i i fferent
scenes ando Fﬁf‘HQB%ﬁ\t, He f .conceal ms?ir mﬁ@%ﬂé{do%ﬁér&srﬁeg? %'W%gg#w aog
enbodi nent 6 i Pél' 138G, N REPRR$R o Himnbwasten of Simdlacity wihesoirpiieas a
so-cal | ed sieenechgderd idki Sfmilbdiv) i i dged to,the bit-scream

repr es§@t aticé)n of eack? c%@ggﬁl i (?P\grgeﬁgtrk@e%cgﬁee RradEermingd ceteriopa the,

whi ch 197qigRtOr s dyreupdated| langf when pittes UpRmisofe T B SEMB elﬂ%etsp!tf; ur es

bel ongi ng i s,.typically have different scene identifrers.
Pr ef er abl yfﬁ?ﬁ%{%aﬁéﬁ%’ﬁggﬁﬁ’i tg’ei'ﬁgic neddpcegagedi me it is updat ed.

However, it is envisaged that the scene identifier nay take one of two
val ues, w th Ei@t ures from adj acent scenes Having non -identical SI val ues
9.g. the piCAF¥BIJP HAITYRPIED mfmber bventionahefais PevRied $etndigo @nd t he

pi ctures ordechh 3 r scenes having Sl set to 1. The controller
105 of the g’r";'cof(?j’lé‘:,(re gﬁ&@t@gaaﬁg%%n%g%ﬁtrw 8r § fPALBRCS iati piatuireg; thet ween

one fraoe anethadottraprisifierexeiif@!drelent8asq AYHES Sqhdle identifying for each
picture to be decoded an indicator indicating the type of concealment method

to be used in the decoding process and decoding the encoded videg signal
using a concealment method of the identified type.

30  According to a fourth aspect of the invention there is provided a method of

error concealment comprising receiving an encoded video signal including an

indicator indicating the type of concealment method to be used in the error




25 pixel representation of the current picture (received frominput 102)
with the pixel representation of the previous picture stored in the picture
store 107. Each time the simlarity between the two pictures is below a
certain threshold) the controller detects a scene cut and an updated scene
i ndicator 112t is output. If the simlarity is above the threshold the
scene indicator is not 30 updated but is repeated, 14 The scene
identifier does not necessarily identify an actual scene cut; a change in
the scene identifier indicates that the 8urrent picture has changed

suf fici ent| yoncealmagpaegbedss agREevd ictyre t the current picture
nmay be deemed to be a ggw scene. Sdg?ﬁg‘?%o%e r%'{?%odg 19‘8? d"@gﬁ%t St cene
changes may appreRiEdelYi n a second enbodi ment of the invention, a so-called

conceal ment nethod indicator (CM) is added to the bit-stream
representation of each coded 10 picture. The CM indicates to a decoder the
type of condezbrding toes Hifth bRabci . shaul d .use if the assocjated
picture s c rra&tgd. The encg%%rBgetﬂlsﬁ@géﬁv%%cﬁléf%‘Etpgoglgsﬁicﬁa?’éﬁwci ®ft he -
pi cture By é:%ﬁﬁ 9IndN EeReoged vided tSygriad traprasenting i e8qudticel B %I b the
previ ous on ettht{tﬁ'n?héThbarri N bet ween the two pictures is belowa certain
t hreshol d, the confrofler o&lc% g 2 epepdeq yidesl sianal, identifyfnal fomdacht or
CM =0 as outpieitrel 1@fhe Heoded b dhe %&ﬁiﬁ a non- t enpor al
predictive %onceal msﬁt nmet hod shoul %afode} ﬁe?g } btﬁg L‘?%ﬁ%ﬁ’i? gF"%‘fa&EBve
the thresholPF'4°&REoHE! RifikenrRene semonddpictut eatipwheM b idiGMbP 13S

out put 112f gaktd §gitREH L decoder, t.hat a tenporal predictive

conceal dggl@ent Sret hg‘(sj tgﬁﬂoﬁf‘é%ﬁgwgggg . F%Nﬁqep’ﬁ@é%lﬁ'@lﬁﬂgsﬂ inmeeral predigtive

f or med c &riicancegimdn: mathbermid odhert Hd |

pi ctures. A%Ezﬁ{e(ror Sﬁ{onceal ment. i ndi cator rraﬁhg%{sdgq @%ﬁ@%ﬁéﬁﬁf’%’%&d

pi cture seg JRaBVedRigtyre .+ 3plying rospatieke trenceEceatmicnt hghse at thi s
| evel the selection by a receiving decoder of an appropriate error
conceal ment net hgd. Considering the termnal 1 as receiving encoded video

data from t é¥6PIHNG 29 atsisihorspeat iobrihe invantion isre | ?@&ﬁ i !
descri bed wigohdr f 8AG {[JP its 30 .decodi ng [Iol e.lg he ?%gn%’\wgll%lr&}r%gggfves a |
nul timedi a si gr%%'ﬁ om ﬁﬁe foraRshiving AgViles wignal represaating mulseqpéroe i 50

denul ti b5 exeictutes, mutalbotbraoséabalatand il ta Lo the video
codec 10 and _the contro] data 1510 twgaég%ts?%{h%n%’hgggpg%&%%%ad@'@@)der

200 of the A debses P@&H@dé@dt%eomw@dmt/mpamm PpasIE ot Similarity
quant i si ng, wWihve ba&IdSi ; aotion conpensating the data. The
control l er 124 oF t he de'@gﬁﬁﬁﬁﬁﬁgsﬁﬂ@ﬁ%% ?ng'faﬂﬁ%dﬁcét%ilﬂ‘ééﬁma
and, if an &A% ofoncealmestt wethad t s USed OBy et séb@él{hegﬂ”%%%dépegﬁ%r or
ected an I"ed

in a manner scli bed bel ow. The decoded, corr conce
vi deo data ic{gHF%Z%%gul?%hs FERNERDr By eetRBnan nindicatarpinsjcathgfthathe neeei vi ng

term na201. temporally predictive concealment method should be used when the measure
of similarity does not meet the predetermined criterion, and, when the
measure of similarity meets the predetermined criferion, to output an indicator

indicating that a temporally predictive concealment method should be used by
a subsequent decodet.

25
According to a seventh aspect of the invention there is provided a video
encoder for encoding a video signal representing a sequence of pictures, the
encoder comprising a comparator for comparing a first picture with a second
picture, a processor for calculating a measure of the similarity between the
30

first and the second pictures and comparing the measure of simitarity with a

predetermined criterion of similarity, the processor being arranged to output

an indicator in response to the measure of similarity wherein, when the




Errors in video data may occur at the picture |evel, the picture segnent

| evel 10 or the macroblock |evel. Error checking may be carried out at any
or all of those levels. Considering first a signal encoded according to the
invention, in which an indicator Sl is included, when an error is detected,
t he decoder exami nes the 15 SI of the received but corrupted picture: If
the SI of the corrupted picture is the sane as that of the

t enpor al | y- néi ghbouring correctly decoqsd pi cture(s), the decoder applies a
tenporal prediction (INTER) conceal nent “al gorithm The decoder nay be

capabl e of M&ASR A siuitarin besnot enpeirtht proddiceiingd eARERH, RS inabagri t hns.

The i ndi cator, i ndi s to the decoder the type of 20 conceal nent
al gorithm ﬁgp gg#gﬂghagé(ﬁﬁge@lebme%% olofimifssty feetr the goredetermnticede

used. |f t brtefibnothd iRGicafsrisRhedamisd ure differs fromthat of the
I

t enpor al | ynei ghbouring correctly coded picture(s), the decoder conceals
the picture 25 using a spatial (!N T RA) conceal nent nethod. Considering a

si gnal g#nc | hg.ta the invention, in which an indicator CM is
i ncl ude%, &)%gﬁrdg@cgé%%{@qae?wcgd? %[Tf-’e IR sy thergmisgrovited GMvidéo t he
recei ved bdecodsrr wohstishet HRe t : t C ted.picture is
CM 1, 30 the decoder c:)nc%alg g?}%dtpifgfu%\aée&@ﬁ%ggg s%i{ql%dec\ﬂﬁ%%alsw

met hod. | f FRHESENINGDR seGuenser optrictupis; t airmritoliEMa) iﬁbﬁﬁf?ﬁ‘@oﬂ@chirgﬂﬁ’éi es a .
t enpor al hCdid nt .algorithm Again the decoder nmay be capable -
of ™ 16 cg?@%?%gé@tﬁeg‘?ﬁﬁbggﬁrt&g%8%8%%‘?%@%'}'@‘3@&’1 lﬂlﬁl@tmﬂlﬁbe%m oht gr

CM i ndi catescdaimeht nithodas Hhasty e 1ed gﬁ{}}q)gge dydat shoul d be
used b does no \ﬂ?cfﬁeﬂ(:i fy the algorithm tdgggg&?s i Atr?t@x%%&én%ﬂ"%ow the

error tonc&HP &4 Weifgba rortaaleent Mmiteod ya dndiektedn KN egsled
signal wil jndmebe addressed with reference to the H 263 video coding
standard. Figure 4 shows the syntax of a bit stream as known according to
H 263. (The 10 follow ng inplenmentations describe the GOB fornmat but it
will be cl . .skilled person that the invention may al so be

i mpl ement egﬂlgr{&%{gmgl YVE{@‘?‘%&‘?&S%CUQ@%@MW@%@ exerepigyoniy heithirefaatneam has |
four | ayer o thehs:coingid ANinaP ik igy-segnment | ayer, nacrobl ock |ayer and,
bl ock Jébaye%.—Thq %:c-t Wyie?: @yer._.gcdnlpm%‘s', a picture header followed by data °
for the’ G 6B BWEE Mudtimadizamiopilé cbironedicafiond gysteyn:opt i onal

end- of - seqppRse [ Sliats. Q0 256 30 The prior art H 263 bi t
streamis 1!tf)§r1 mt%gg%gr%h%%#n%f ?émﬁl.%n'fr' Sonmpripnis #f 2 4aultimediai s
gi ven bel otermmsd The pi Wre stay code (PSC) indicates the start of the

pi cture TRgT enporal Reference (TR) is formed by increnmenting its val ue
inthe ten&é’@?gf DEEAMPIpha vides eadacs header by one plus the nunber

of ski ppedFigurd ansHofsHhBNG AL PLCH BistedhMGE %%&rpégé/ér%ﬂ% % lzirz%%? mtted one
20 Figure 5a shows an example of a bit stream output by an encoder according
to a first implementation of the invention;
Figure 5b shows an example of a bit stream output by an encoder according

to a second implementation of the invention:

Figure 6a shows an example of a bit stream output by an encoder according
25  toathird implementation of the invention:
Figire 6b shows an example of a bit stream 6utput by an encoder according
to a fourth implementation of the invention: N
Figure 7 shows an example of a bit stream output by an encoder according to
a fifth implementation of the invention.
30

Figure 1 shows a typicairmultimedia mobile communications system. A first

multimedia mobile terminal 1 communicates with a second multimedia mobile




PTYPE Anobngst ot her things, PTYPE includes details of the picture coding
type i.e. 1INT.RA or !LATER PQUANT A codeword that indicates the quantiser
to be used for the picture until updated by any subsequent quanti ser

i nformati on CPM A codeword that signals the use of optional continuous
presence nultipoint and video nmultiplex (CPM node PSBI Picture Sub-Sit
streamIndicator-only present if CPMis set TRe Present if the frane is a
bi -directional ly predicted franme (knomg as a PB-frame) _ . 17 DBQUANT
Present if a bi-directional frame PEl lis relates to extra insertion

i nf or mat i oferAWRRL 2 vicea redio’ fink Botoi adnalzleccomenpiestsreenefvdrkel. f odrael ng

optional d £iel SUPP and PEI. .PSUPP and PElI are together known as 5
Suppl erment gi%?aéfﬁﬁ(}ﬁgﬁﬁg}(ﬁeq HicoMmisainals iz as i@lk%theemtdtgnewadiata. Annex L

of N.263. GOBS |Is the data for the group of blocks for the current picture
ESTF A stuffing codeword provided to attain byte alignnent before ECS 10

ECS A codeféiuie i dihoms ihe tificahhuwtimetia detrpopententen flefminae i Ctig e
PSTUF st js d to. allow for byte aljgnnent of the next picture
start gsodelt%WSS%ﬁgﬂg% L?CHE%Q ﬁgd%%d\gm%i%aﬁﬂ@gﬁédﬂccﬁ%sa rfdaiprotande t he
optional PH#sEYEE At ' : F S100 : M ale] CPM TRB
alrcl)d DBOUANT ar ;geonl y %1r(ﬁe(jsr?a‘\lr—st1 i’lnfa ﬁgtlleYﬁDEOf n@dmﬁ@%&%&/g e&?d‘@ﬂé{%&igﬂl %édlfs frame
mode (unl e§30%eHe EP(Bsrywired). dhe videpredent Oaackivbe sighels ffr coB a

spec {1 cat Maeb bl MG, o R AT T S, SRGHR) eng. BoaIambandhypesines ot | ons
of the bi t signataforaecpdingditomna @é}ﬁéﬁé?ferﬁﬁﬁé%@fdfgdiéﬁ!tagrlﬁz ﬁé\zfzgg-hgﬁfﬂ 4 2@;‘; cam

conceal‘gEnt aet od_indicator may be incorporated |
as fol Bws 2 ESGIRYe 782 Eivitidip €9daeid otceives tsignaloaforoceding bymamhencoder

accordi ng t LI [ taat f .t i,nvention, hown in Figure
5a, the bi :rﬁlgtio?ggﬁqblﬁﬁ usggg\@' gﬁd? atg'gi %ﬁ}ﬁ! Q%ﬂgv&ﬁ‘c@“@ Sm%]? rsdecediv@wor d
i ndi cat i ng ffofe astametet terwlinal R tfoe rgirotiuciford 808 BheakBl TnbSshawRf bEGhHY the
encoder acg&{‘,ﬁﬁggl.to t he amount of change beiween successive

15 The control manager 40 ‘controls the operation of the video codec 10, the
audio codec 20 and the data protocol manager 30. However, since the
invention is concerned with the operation of the video codec 10, no further
discussion of the audio codec 20 and protocol manager 30 will be provided.

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

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

In INTRA-mode, the video signal from the input 101 is transformed into DCT
co-efficients by a DCT transformer 103. The DCT coefficients are then
passed to a quantiser 104 that quantises the coefficients. Both the switch 102
30 and the quantiser 104 are controlled by an encoding contrel manager 105 of

the video codec which also receives feedback control from the receiving
terminal 2 by means of the control manager 40,




30 pictures, as described above. A change in identifier indicates that the
simlarity between the picture being coded and a reference picture is | ow
The decoder uses this information to select an error conceal nent met hod of
t he 18 indicated type. In this case, the type of error conceal nent nethod
to be used is not specifically indicated) but can be determ ned fromthe
changes in SI. Figure 5b shows an exanple of a bit stream output by an
encoder according 5 to the second inple tation of the invention. As shown
in Figure 5b, the bit stream may include an additional codeword CM which
is a codeword indicating the type of conceal nent nethod to be used by the

decoder. Thig insrs d er_according to the anount of change
bet ween succ@s@ﬂlgeﬁgﬁétb‘éfggéf Sg@aa:l;bg) § b%%Pfaﬁ%{/gQ a%@eml é’%’?’r&ﬁﬂb@ﬂ‘ﬁpfﬂﬁé S

or CM may Ubesidifferatese between Supet ema? i.on. PSUPP
(see Annex L @ichH' 263 and Figure 4)?@??@65% ement a %Pg%p%%snlgwg@ebe

present in tH&CHiIF Soredin & Birtencosigre t19. differenge miata letmafaihehef

provi di ng t ! t it, ar. 15 even to properly

i nt erpr e%ﬂ i [@J %i rrpi y%éll6 g%@%%!ehgst%ﬁﬁ?ﬁ%ﬁpgr?é'mra{?ejt'i”ﬁ%%ﬂ%ﬁpﬁﬁ“ﬁ IBicare andbl e

by decoders el previcus putimesiordd oty pictdle &b ﬂ@qpeﬁﬁéﬁaﬁw Ef# has
El is set to "1 ", then

been negoti at.ed gg-external ans. |f _
fol | ow consi ¥PTh{P0HS gehriatedbynassinatbertsytamapuioby thenquardisbethrBigh Bint to

indicate if jpvénet i f S n,. Th UPP data consists of a
4-bit function typggiéﬂ ?%a??gngﬁwlﬁ%lﬁa%\éerﬁ?eggiEﬁ'ﬂgfgﬁ'ﬂa}@ ée that a

si ze speci f i iB¥gtiserquBIERd dataowdthebsesRBIngEdaRt & sdeéd ftb”’cﬁéic%ﬁtéiﬁé; a&%gr

dat a, oapi Ogﬁ!éﬂl fgﬁl)l OY&? by da&;ot qfér FTYPE and so on. 25 It 1s known To use
this PSUPP ddaeupiStPEo! Uf BXACARE 1By Giatient ssfimatond 1 avay genérats matiena
full -pictur ecamptEdtict dpt iJ el.ease request with or

W t hout resi zi ng; to tag tpézicrr?diﬁ?urfg‘?&%@?{?ﬁagﬁ%?ggeﬁ}g%@é%mbﬁ éﬁf%ilg?é%a
within the SUMENEPPabmargerext ernal use; or to convey chroma key

information for video conpositing. 30 19 To inplenent the invention
usi ng the Suppl enental Enhancenent Information, a further FTYPE is defined

B poce B T s e L coathts s gRAAMRCPDOT KhbHERAE 128 8 el flinkl o
F h‘epéxar?]ﬁs e ‘a}:{é’r‘ efgq)e(}%ﬁm%rdde@'g st the Iqugadising uﬁ@i)SElﬁg MTRAANTER Weg

the sl 76 of 1 1a o Ik tRE tndds oF APk REMdefly B PR Sondefis Yars:
i.e, the vallgdndicaty thenymhatiof thalftamabeingetod gianie 808l HotRAN & TbRe
whet her a copf E%ture being coded. These are multiplexed together by the m

50 together with other multimedia signals. |

uttiplexer

20

The decoder part 200 of the video codec 10 comprises an inverse quantiser
120, an inverse DCT transformer 121, a motion compensator 122, a picture
store 123 and a controller 124, The controller 124 receives video codsc
control signals demultiplexed from the encoded multimedia streamn by the

25  demultiplexer 50. In practice the controller 105 of the encoder and thé
controller 124 of the decoder may be the same processor.

The operation of an encoder according to the invention will now be described.
The video codec 10 receives a video signal to be encoded. The encoder 100
30 of the video codec encodes the video signal by performing DCT
transformation, quantisation and motion compensation. The decoded video

data is then output to the multiplexer 50. The multiplexer 50 multiplexes the




10 picture is fromthe same scene" as a previous one and so sel ect the nost
appropriate type of conceal nent nethod. Figure 8b illustrates the~exanple
where a paranmeter CM is included in the SEi of the picture header. The
FTYPE i s defined as Conceal nent Method I ndicator CM, The DSI ZE specifies
the size of the paraneter and the followi ng octet is the paraneter i 5 .
data i.e. the value of CM. Fromthis value a receiving decoder cari
determ ne the nost appfopriate type of gggcealnent met hod for a corrupted
picture. Alternatively, the information'rray be contained in the additional

Suppl enment alide dkate droen tthe Mdeoreddem 16sarsbeshifibleghih " Annex
W Additional hzg %y\&pl)_l enmentary Enhancenent | nformat Pgﬁnéﬁgﬁ)ﬁ?@gﬁp% P.

Nhg and S, WRhGEOPTEIgRal: axgpeIaRiptalenty e snulimerta BigoateTine GAGninabs,
Novenber 1 i YPE 14 | fined "Pj ct
Vossage  haRPuisSBHa 860805 %e (bolig el S yid ik S Phdifcar es

t he presendedefredhe or nore octets representing nessage data. The first
octet of the nessage data is a nmessage header with the structure shown in
Fi gure i.e. CONT, EB1T and MIYPE. DSIZE is equal to the nunber of octets

in the nmesSHgS i i0B0 IR0 [ re e e, funcgtion, including
the first oct etﬂ?e@ggggéig%@ﬁggﬂggr’ﬁhﬁs@gbﬁ%g' E'g?ﬁ%?ﬁﬁgﬁ nVIEPR I RFPABERTS i f
equal to 1,SyntK daakinditalestthe typesepeonstalnesitofictiRf i sBe Bl Ghy' e
nessage i s o f bhe sa l.ogi cal, message as the nessage data aSsocCi ated
with the nedx"%aé &egt[f 3 %@’gﬁaé"g@ﬁ@ﬁilantherg'@ﬂsﬁdasm ob#hke hitostréaral dr BBI T
speci fies tgrevideabas 8fs i T gan i al ignored in

t he | ast nersTgage octet . éur?%efd)%g't ai'.[?:% @dﬂﬁe@?ﬂ eegag)fécé#fg@c?g%&fi n the
draft dP AfiERIeit scenesand thus tmtype Sroontealre M ERodgineAles t he type of

nmessage. Various types of nessage are suggested in the draft of Annex W
According to the invention one type 10 e.g. MIYPE 9 is defined as Error

Conceal mentinTypdirstTeentwadistendfoft Bife SEeaRidrded fd | ined in
the octet follow ng the ssage header. For We égﬁngé? erlllplbﬁ’lt 3?‘18{0 fval ue

i s the san®IAPLFFS Bi E gFene ddeniifier {SBnavhich it addsd heltbadiingréan

di fferent j ' tLfler.val.ues. The decoder uses

the S or Cuf romiaNeh oF saBhRatea NG S bl SR e 4 kAus. BBidsed. The

nessagd Smaythgl samentiircalf eftthe piytnee@fofeuhEOSaMQnﬁﬁ@déTﬂmibtdr@@tbe‘f&?%hg {ge used
ictur f

for particuks eclfled.rectangul ar .areas of the current pict at
| east part L%ﬁég%g g#%i\eﬁ %ym%q@cg?‘\’%cq]ﬁﬁr%c‘&ﬂ?@d idepiifees. rmrgfelf%‘albm.tmpl e
error 20 covalealofeSitistijpRniBasaeRehf i e peGL fyi t he
conceal ment t\égﬁ for a non-ogverl apgitﬁge(r?g%t%&g%‘ég'r @%%{&Agj%r%gn&%gﬁgl y if
t he ms\ssagetg'a RotCensy dfemidips meyatekef ondeohiwe uvaycs With opleturgs eorany

error concegaeas ; senareas...Pr.eferably, the decoder uses the

conceal nen?@‘%}y oy %étqéc%ﬁ?‘é‘g or%%iidf%{' %‘eég?"é%ﬁﬁee'gyﬂ'@ picireg of dhgordd-

pr edi ct?lve MBNoerarbatemes haeingdi sairicad dnTRR: HibAFes ¥ Ghé I8A-HEIHV-E!
predictive %coer}‘(ieea‘% ment ﬂEt god for an I NTRA-frame. A specific exanple w |l
now be gi ven: or R4S HSEBIO tonceal ment type nessage, DSIZE shall be 6,
CONT shall be 0, and EBIT shall be 0. If the first 30 data byte is equal to
one (0000 0001 ), this indicates to a decoder that transm ssion errors are
to be concehh@d-aniallgr st iodl the omvmmioreddteatgar sedwe conly coinpliifig§ thest

data byte i two (0000 0010), this indicates to a
yte | Snfidba} phRvddR oh2%00,2010) another. The controller 105 compares the

25 pixel representation of fch.e current picture (received from input 102) with the
pixel rgpresentation of the previous picture'stored in the picture store 1Q7.
Each time the simifarity between the two pictures is below a certain threshold,
the controller detects a scene cut and an updated scene indicator 112f s

output. If the similarity is above the threshold the scene indicator is not
30 updated but is repeated.




21 decoder that transmi ssion errors are to be conceal ed using tenporal
predi ction. The follow ng four PSUPP octets contain the horizontal and
vertical location of the upper left comer of the specified rectangul ar
region within the picture within which errors are to be conceal ed, and the
-wdth and 5 height of the rectangul ar region, respectively, using eight
bits each,and expressed in units of 16 pixels (of |um nance picture). For
exanpl e, an entire Quart'er Common InterJiT%di ate Format (QCLF) picture (which
has a | um nance picture of 176 X i44 pixels) is specified by the four

paranet ers [0¢ $ene jdagfifien cloBsrngli necessdrily rdsmifpaxh Nhida b ang: hei ght
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havi ng si zesuificitBy itk g [ neci [..parameters (0, O,
10, 8). Preferabl y¥ The fgggﬁc’?%ﬁ?@gg 3%@%3‘%@2&%5@?%?%@? "BIGRYAS es.
and prefera%?%‘“é@é@hﬁo&nsweaceaﬁ. with other specified 15 . error conceal nent

areas of. the sanme picture. The error conceal nent indicator may al so be
i ncorporated into other video coding protocols. For exanpl e MPEG 4 defi nes

eceasari |y asaont atea u L o arieeyy BoBRY cRRBEY 4l B BB8ean: i

necessarily associated with a pictu rror ent identifier
may be added to these fields. The invention is not intended to be [imted

to the vid | di d above: th intended to b
rorel'y oxent) &y ooEeRaRiaS P EEBFEnRaR 8 sxoalen GrteesiveN metiuat ocol
in which a indiater ¢CME) ioradifadcenapal myegﬁﬁ\%ﬂﬁeﬁﬁm qubé&%h -Inng%l?éjcoder
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se. 22 I n I n i deo ,signal representing a
gequence o%igﬁ%ﬁe%ﬁm@%g?ﬁﬂw%cg%%' 'eﬁ‘gl\:’/'](? d?:‘:?%fww -lros-Eh%EBIGQg%r with
a second 5 @ecides avhiclalGMI &t begpciatewik Uhe ﬁﬁtﬁg%ﬁb%bﬁfih%ﬁpgeéimﬁﬂtg} he
first and tg%vfecond %I ct#xr es, cgrrparl ng the measure of si arity "w’th a
predet er ni n&a ¢t e FRERNOPCU e ANE A PeVisks onmdhthensimilasiubetvesie rsine ey i t Y
does not negkturbe i } i i f .Sk i out put ti an

o [ DBIRL £ LR tnfdoroR], ity C%”t’%&gcﬂ?{%%ﬁ s Reht
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ng-t-ha S
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1, wherein é@% tndiﬁgt or if %Bda_t ed when the nmeasure of sim ddes not
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The measure of similarity may be formed by caleulating the mathematical
correlation between the two pictures.

An error concealment indicator may also be included in the picture segment

28  header and/or the macroblock header to influence at this level the selection by

a receiving decoder of an appropriate ertor concealment method.

Considering the terminal 1 as receiving encoded video data from terminal 2,
the operation of the video codec 10 will now be described with reference to its
30 decoding role. The terminal 1 receives a multimedia signal from the
transmitting terminal 2. The demultiplexer 50 demultiplexes the multimedia

signal and passes the video data to the video codec 10 and the control data




20 a picture header. 4. A nmethod according to claim3 wherein the video
signal is encoded according to the H 263 standard and the indicator is
included - in the Suppl emental Enhancement Information. 25 5. A method of
encodi ng a video signal representing a sequence of pictures, the nethod
conprising conparing a first picture with a second picture, calculating a
nmeasure of the-simlarity between the first and the second pictures,
conparing the neasure 'of simlarity with a predeterm ned 30 criterion of
simlarity and outputting an indicator % response to the measur e of
sinilarity tohtweaiontrolReihabBe 40t | B Ak S ety t 23
predeterm ned cyriterion, Fhe Eﬁgﬁgggggéggﬂ%%%gf§3¥gﬂggﬁﬁgﬁkt éxﬁﬁﬁgﬁ?e of
simlarity %fé?fi@dt Welepr dafat by rinvietsec guestising, invegsé MCT ak@risfbamiddc Aagged.

of i otur oo R SRR A 8RR, fheGPrilPtstmom dcorddaadiade.

i dent i f yi ngniagritye af thed rsdaiyf e 1 pdi rndicating the type
of concga! On%{‘l;mntygt hod to bee@uggtdabigﬂgi ﬁcegﬂgggggi‘éngg{pe(rbg%dé)s%&%%g@c%%fﬁ t he
Vi

encoded Sopred! the gon ioohdvahnento e edorbed heslowe Thisf tesbdape. 10

7. A netho t. .conpri sing receiving an encoded vi deo
signal i nc%ﬂ?%%é%%qﬁgpﬁgg%ggmgFEa Mgl ﬂ?ee'i VP fdorRivasveiinn @Bt Aod to
be used i n dinplag70cwf themessliRgRbrRIN@FesS and conceal ing the error in the

video signal appropriately. 8. A nethod of decoding an encoded vi deo signal
representing a sequence of pictures, the nethod conprising receiving an

encoded vi i i Y far ch picture to be decoded an

i ndi cat or ﬁ%g?i@%%%a? eHrfaé/zl#uérl‘g %fthgﬁ?ﬁ;ﬁ”g? ﬁ“?‘@'b@ev@‘@wrﬁ Segmantgevelur e
and a $8corer ficcmacebzonk lewkn SHort Heedkinl e bel Sartibe AR A4 bhah & 2
previ ously tri_%\%el ve?i pi cture, applying a tenporal predictive error

conceal nent ?rl.%" %nd, when the indicator is the different fromthat of a
previously received picture, applying a spatial error conceal nent nethod.
25 9. A video encoder_ conprising an input for receiving a video signal
representi néoﬁﬂgéﬂf@@rftfﬁ afsighalt enesdedh acabrlih@ttortheoinwahBel akewhidreagur e of

the simlarj t | kst and a second picture, and a conparator to
conpare t heh%ggﬁ’rgéﬁgp n@f’%?’a‘?’h?’} N eHoL IS pelgeted: e dgcedet examinasfthe

sim | artBty Shdf the wespied Bt caetimabosiciurd] QRtHd&; thod to
be used by 30 subse uen{] decofetr)qtsﬁe conpgﬁé]agéwggg%@@%yec Lro”t%olsout put

an i ndi cat or % YR &6 thgt Phille termrpiailpmsightiauyingr eatrentiyvdecodedegitimes(s) met hod
shoul d be ugedduksiert Lo b-ak not neet the .

pr edet er m ned y 24 gr%&?gﬁﬁéﬁr@m\ﬁkg&%ﬁ X’é\gg“ﬁéL;CBPCE?’mﬁrﬁr?'eg?rIMts t he
pr edet er mi n&be ecoder anay the wappbte @i cardjiegt st {/@%@&émﬁofr&?%rg@icﬁon t

t enpor al | .6l LVE. eal t .met hod shoul d be used by a subsequen
_ dercrg der . y Eér?c%'a%éﬂt a:&gr%ms.mla'ﬁe indicator Si indicates to the dec%der ihe T.ypg of

20  concealment algorithm that should be used but does not specify the algorithm
to be used.

If the SI of the corrupted picture differs from that of the temporally-

neighbouring correctly decoded picturs(s), the decodsr conceals the picture
25  using a spatial (INTRA) concealment method.

Considering a signal encoded according to the invention, in which an indicator

'CMI is included, when an error is detected, the decoder examines the CM! of
the received but corrupted picture. If the CMI of the corrupted picture is CMIT,
30  the decoder conceals the picture using a spatial concealment method. if the
CMI of the corrupted picture is CMI2, the decoder applies a temporal
prediction concealment algorithm. Again the decoder may be capable of




5 10. A video encoder for encoding a video signal representing a sequence
of pictures, the encoder conprising a conparator for conparing a first
picture with a second picture, a processor for calculating a nmeasure of the
simlarity between the first and the second pictures and conparing the
measure of simlarity with a predetermned criterion of simlarity, the
processor being 10 arranged to output an indicator in response to the
measure of simlarity wherein, when the asure of simlarity does not neet
the predetermnned criterion, the indicator is updat ed and when the neasure
of simlari CHTHEE SW h‘éarm@e&r@i'mqmealmarm atyorithine. | nﬁn@amcat@ CMI

unchanged. r co risin i np or receiving an
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i denti fyi ngbut tibegnbhepadiflepes] m & b&@eBgpi cture to be decoded an

i ndi cator indicating the type o onceal mnent nethod to be used in the
decodi ng process and decodi ng the encoded vi deo signal using a conceal nent
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The prior art H.263 bit stream is formatted as shown i Figure 4. A descriptor
“for each part is given below: .
PSC The picture start code (PSC) indicates the start of the picture
20 TR The Temporal Reference (TR) is formed by incrementing its
value in the temporally previous reference picture header by
one plus the number of skipped or non-referenced pictures
since the previously transmitted one
PTYPE Amongst other things, PTYPE includes details of the picture
25 coding type Le. INTRA or INTER
PQUANT A codeword that indicates the quantiser to be used for the

picture until updated by any subsequent quantiser mformatlon

CPM A codeword that signals the use of optional continuous
presence muttipoint and video multiplex (CPM) mode
30 PSBI Picture Sub-Bit stream Indicator — only present it CPM is set
TRg Present if the frame is a bi-directionally predicted frame {(known

as a PB-frame)
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DBQUANT  Present if a bi-directional frame

PEI This relates to exira insertion information and is set to “1" to

indicate the presence of the following optional data fields
PSUPP and PElL. PSUPP and PE[ are together known as

5 ~ Supplemental Enhancement Information, which is further
defined in Annex L of H.263. ,
GOBS ~ Is the data for the group of blocks for the current picture
ESTF A stuffing codeword provided fo attain byte alignment before
EOS _
10 EOS A codeword indicating the end of the data sequence for the
picture :
PSTUF A stuffing codeword to allow for byte alignment of the next
' picture start code PSC

15 The structure as shown in Figure 4 does not include the optional PLUSTYPE -
data field. PSBlis only present if indicated by CPM. TRg and DBQUANT are
only present if PTYPE indicates use of a so-called PB frame mode {(unless the
PLUSTYPE field is present and the used of DBQUANT is indicated therein).
These issues are addressed in more detail in the H.263 specification.

20

The foliowing paragraphs outline possibie implementations of the bit-stream
output by an encoder according to the invention.

The concealment method indicator may be incorporated into a H.263 bit
25 stream as follows, Figure 5a shows an example of a bit stream output by an
encoder according to the first implementation of the invention. As shown in
Figure 5a, the bit stream includes an additional codeword Sl which is a
codeword indicating the scene to which the picture belongs. This is inserted
by the encoder according to the amount of change beiween successive
30 pictures, as described above. A change in identifier indicates that the
similarity between the piciure being coded and a reference picture is low. The

decoder uses this information to select an error concealment method of the
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FHEET 10%mEEiglies 5hBHdws BXEexahifle of a bit stream output by an encoder according
5 to the second implementation of the invention. As shown in Figure 5b, the bit
stream may include an- additional codeword CMI which . is a codeword
indicating the type of conceaiment method to be used by the decoder. This is
inserted by the encoder according to the amount of change between
successive pictures, as described above,
10
Alternatively, the Sl or CMI may be inciuded in the Supplemental
Enhancement Information PSUPP (see Annex L. of H.263 and Figure 4). The
supplemental information may be present in the bit stream even though the
decoder may not be capable of providing the enhanced capability to use it, or
15  even to properly interpret it. Simply discarding the ‘suppiemental information
is aliowable by decoders unless a requirement to provide the requested
capability has been negotiated by extemal means.

It PEl is set to "1, then 9 bits follow consisting of 8 bits of data (PSUPP) and
20 then another PEI bit to indicate if a further 9 bits follow and so on.

The PSUPP data consists of a 4-bit function type indication FTYPE, followed
by a 4-bit parameter data size specification DSIZE followed by DSIZE octets
of function parameter data, optionally followed by another FTYPE and so on.
25 it is known to use this PSUPP codeword to signal various situations such as:
to indicate a full-picture or partial-picture freeze or freeze-release request with
ot without resizing; to tag particular pidtures or sequences of pictures within

the video stream for extemnal use; or to convey chroma key information for
video compositing.
30
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To implement the invention using the Supplemental Enhancement
Information, a further FTYPE is definad as “Scene ldentifier" or *CMI". For
example, FTYPE 15 may be used for this pumose. ‘

5 This is illustrated in Figures 6a and 6b. Figure 6a illustrates the example
where a parameter Si is included in the SE! of the picture header. The
FTYPE is defined as Scene Identifier SI. The DSIZE specifies the size of the
parameter and the following octet is the parameter data i.e. the vaiue of Sl.
From this value a receiving decoder can determine whether a corrupted

10 picture is from the same “scene” as a previous one and so select the most
appropriate type of concealment method. Figure &b illustrates the example
where a parameter CM! is included in the SEI of the picture header. The
FTYPE is defined as Concealment Method Indicator CMI. The DSIZE
specifies the size of the parameter and the foliowing octet is the parameter

- 15 . data i.. the value of CML. From this value a receiving decoder can determine

the most appropriate type of concealment method for a corrupted picture.

Alternatively, the information may be contained in the additional Supplemental
Enhancement Information as specified in a “Draft of new Annex W: Additional
20  Supplementary Enhancement [nformation Specification” P. Ning and S.

Wenger, ITU-T Study Group 16 Question 15 Document Q15-1-58, November
1999,

In this draft proposal, FTYPE 14 is defined as “Picture Message”. When this |
25  FTYPE is set, the picture message function indicates the presence of one or
more octets representing message data. The first octet of the message data
| is & message header with the structure shoWn in Figure 7 i.e. CONT, EBIT
and MTYPE. DSIZE is equal to the number of octets in the message data

corresponding to a picture message function, including the first octet message
30  header.




10! X1 TH#10%& () -y! 1T#10%&' () -/ |

10908 () -! ] HE);)#l%%&' ()-! Ho#100& () -=I > oKK5Lr LiJ<iot! 1 o

10, <p#109%4& () - P!r, <p#109%F& () - P! yH, Lp#109%WE ()- !k, Lp#109%?& () -
11 109& ()-M

10r LLL6MVBNNXVA4<10! ! !, - p#109%& ()-!r, 9% ' 10%F& ()-WrH, 9$' ' 10%F& ()-W, 93’
' 1090 T& ()-W ; : |
93" 10%(I)T&"()-W! r, <p#109%F& () - PNOO' P§R$PY%P} OMLO! | |, - p#10% P 10%& () -

- %A\ & ()-1, - p#L0%IT& ()-! 1, - p#10%F& () - POQR STT |
3/\?\/;(\ M-}g}} ! %%if?@é}ﬁﬁl%‘% Sﬂg@ I T,E)ii BﬁyabS#(ﬂzafimaQate)s thiat Hhe $HAS89geRdE)a j ! dI

R () -i O/Rs. ' LIt 09% k< .

St AL b YRIRNERSH) b A8 e sess o

1109 ) & () - ezofessayd ek Eaisbtiajd SIS A& hidiRilRM8agd inction. The
End Bit Position field EBIT specifies the number of least sighificant bits that

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

The field MTYPE indicates the type of message. Various types of message

- are suggested in the draft of Annex W. According to the invention one type

10 e.g. MTYPE 9 is defined as Error Concealment Type. The value of the scene
identifier or CM! is defined in the octet following the message header. For the
scene identifier the value is the same in all pictures of the same scene.
Pictures belonging to different scenes have different scene identifier values.

The decoder uses the S1 or CM! to determine the type of error concealment to
15  be used. | |

The message may also indicate the type of error concealment that should be
used for particular specified rectangular areas of the current picture if at least
part of the area is not correctly received. There may be multiple error

20  concealment type messages for one picture each specifying the concealment
type for a non-overiapping rectangular area. Advantageously if the messages
do not cover some areas of the picture, a decoder uses any error
concealment for those areas. Preferably, the decoder uses the concealment -
type that corresponds to the picture type ie. a temporal predictive

25  concealment method for an INTER-frame and a non-temporal predictive
concealment method for an INTRA-frame,

A specific example will now be given. For each error concealment type
message, DSIZE shall be 6, CONT shall be 0, and EBIT shall be 0. If the first
30 data byte is equal to one (0000 0001), this indicates to a decoder that
transmission errors are to be concealed using spatial concealment algorithms

only. If the first data byte is equal to two {0000 0010), this indicates to a
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within the picture within which errors are to be concealed, and the width and

5 height of the rectangular region, respectively, using eight bits each and
expressed in units of 16 pixels (of luminance pictu re). For example, an entire

Quatrter Common Intermediate Format (QCIF) picture (which has a luminance

picture of 176 X 144 pixels) is specified by the four parameters (0, 0, 11, 9).

10 For picture formats having a width and height that is not divisible by 16, the
specified area may extend to the nexi larger size that would be divisible by i8.
For example, an entire image having size of 160 x 120 pixels is specified by
the four parameters (0, 0, 10, 8). Preferably, the specified area does not

cross picture boundaries. and preferably does not overiap with other specified
15  error concealment areas of the same picture.

The error concealment indicator may also be incorporated into other video

coding protocols, For example MPEG-4 defines so-called user data, which

can contain any binary data and is not hecessarily associated with a picture.
20  The error concealment identifier may be added to these fields.

The invention is not intended o be limited to the video coding protocols
discussed above: these are intended to be merely exemplary. The invention -
is applicable to any video coding protocol in which a choice of error

25 concealment methods is available. The addition of the information as
discussed above allows a receiving decoder to determine which would be the
best type of error concealment method to use.
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10", V?10% %séﬂn@%@@ﬁetﬁbd%&ﬁﬁﬁ&ﬁﬁ @bparing a first picture with a second

5 picture, calculating .a measure of the similarity between the first and the
second pictures, comparing the measure of similarity with a predetermined
criterion of similarity and, when the measure of similatity does not meet the
predetermined criterion of similarity, outputting an indicator indicating that a
non-temporally predictive error concealment method should be used by a

10 subsequent decoder and, when the measure of similarity meets the
predetermined criterion of similarity, outputting an indicator indicating that a

temporally predictive error concealment method should be used by a
subsequent decoder.

15 2. A method according to claim 1, wherein the indicator is updated when

the measure of similarity does not meet the predetermined criterion of
similarity.

3. A method according to claim 1 or 2 wherein the indicator is included in
20  apicture header.

4, A method according to claim 3 wherein the video signal is encoded
~according to the H.263 standard and the indicator is included in the
Supplemental Enhancement Information.
25

5. A method of encoding a video signal representing a sequence of

pictures, the method comprising comparing a first picture with a second
picture, calculating a measure of the similarity between the first and the
second pictures, comparing the measure of similarity with a predetetmined
- 30 criterion of similarity and outputting an indicator in response to the measure of

similarity wherein, when the measure of similarity does not meet the
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& ()- 6. A method of decoding an encoded video signal representing a
5 sequence of pictures, the method compiising receiving an encoded video

signal, identifying for each picture to be decoded an indicator indicating the

type of concealment method to be used in the decoding process and

decoding the encoded video signal using a concealment method of the

identified type.
10 _
7. A method of error concealment comprising receiving an encoded video
sighal including an indicator indicating the type of concealment method to be
used in the error concealment process and concealing the error in the video
o _sigpal appropriately.
15

8. A method of decoding an encoded video signal representing é
sequence of pictures, the method comprising receiving an encoded video
signal, identifying for each picture to be decoded an indicator representing the
measure of similarity between a first picture and a second picture and, when
20 the indicator is the same as that of a previously received picture, applying a
temporal predictive etror concealment method and, when the indicator is the

different from that of a previously received picture, applying a spatial error
concealmeni method.

25 9. A video encoder comprising an input for receiving a video signal
representing a sequence of pictures, a calculator to calculate a measure of
the similarity between a first and a second picture, and a comparator to
compare the measure of similarity with a predetermined criterion of simifarity
and to output an indicator indicating the concealment method to be used by a

30 subsequent decoder, the comparator being arranged to output an indicator
indicating that a non-temporally predictive concealment method should be

used when the measure of similarity does not meet the predetermined
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concealment method should be used by a subsequent decoder.

5 10. A video encoder for encoding a video signal representing a sequence
of pictures, the encoder comprising a comparator for comparing a first picture
with a second picture, a processor for calculating a measure of the similarity

‘between the first and the second pictures and comparing the measure of
similarity with a predetermined critetion of similarity, the processor being

10 arranged to ouiput an indicator in response to the measure of similarity
wherein, when the measure of similarity does not meest the predetermined
criterion, the indicator is updated and when the measure of similarity meets
the predetermined criterion, the indicator is unchanged.

15 11. A video decoder comprising an input for receiving an encoded Video
signal representing a sequence of pictures, a controller for identifying within
the video signal for each picture to be decoded an indicator indicating the type
of concealment method to-be used in the decoding process, and decoding the

encoded video signal using a concealment method as indicated by the
20 indicator,

12. A pottable radic communications device including an encoder
according to claim 9 or 10 and/or a decoder according to claim 10 or 11.




