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2 3 MAR 2005 1 Video Error Resilience Background of the Invent?&%rgﬁ#ﬁgcs
present invention relates to the transm ssion of nultinmedia data over
comuni cati ons networks. Mre specifically, it concerns the transm ssion of
vi deo data over networks that are prone to error. ‘The invention provides a
new nmet hod whereby degradation in the perceived quality of video inmages 10
- due to data |l oss can be mtigated. To appreciate the benefits provided by
the invention, it is advantageous to review the franework of a typical
mul ti medi a content creation and retrieval system known fromprior art and
to introduce the characteristics of 15 conpressed video sequences. Wiile

the descri pfidad Efrdiltfedifbhoy Ng paragraphs concentrates on the retrieval
- of stored nultinmedia data in networks where information is transmtted

usi ng packet -based data protocols (e.g. the Internet), it should be
appreci ated,that the i r‘we tion is equally applicable to circuit sw tched

Q t & (Public 20 Service Tel ephone Network) or
mobi |l e B-MN (Public Land Mbile Network) telephone systens. It can al so be
applied in networks that use a conbination of packet-based and circuit

swi t ched daflae tpraaeni fsientioprietaies 118 . thEOTran&mRRIbE of tRAITHENE &AL Mhi | e
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circuit sw YCREHNUGRHIGS ReOss Mo speeifically2dt gpcarns dhe itamsigssippldfcabl e
to non-real vilbARIRAPH IS SordrRe LNy @S el @S to
real -time communi cation ag%?%saﬁ%}é@sﬂg%%a@ vi g‘o?ﬁl?éﬁ\é‘?fﬂﬁ)ﬁypr%'f%?cal

mul ti nedi a kewtmeathat wdicrely dngracmtibhemath§F§Eo@Wec% 'qaamye@reﬂﬁgg ifdjl_ageﬁo
y rererence nu er , as one
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To appreciate the benefits provided by the invention, it is advantageous to
review the framework of a typical multimedia content creation and retrieval
system known from prior att and to introduce the characteristics of
15 compressed video sequences. While the description in the following
paragraphs concentrates on the retrieval of stored multimedia data in
networks where information is transmitted using packet-based data protocols
| (e.g. the Intemet), it should be appreciated that the invention is equally
applicable to circuit switched networks such as fixed line PSTN (Public
20 Service Telephone Network) or mobile PLMN (Public Land Mobile Network)
telephone systems. t can also be applied in networks that use a combination
of packet-based and circuit switched data transmission protocols. For
example, the Universal Mobile Telephone System (UMTS) currently under
standardisation may contain both circuit switched and packet-based eleménts.
25 The invention is applicable to non-rea! time applications, such as video

streaming, as well as to real-time communication applications such as video
telephony. |

A typical multimedia content creation and retrieval system.is presented in
30 Figure 1. The system, referred to in general by reference number 1, has one

or more sources of multimedia content 10. These sources may comptise, for




exanple, a video canera and a m crophone, but other elené%@%FW§y2%ﬁso be
present. For exanple, the nultinedia content may al so include conputer-
-animated graphics, or a library of data files stored on a mass storage
medi um such as a networked hard drive. 5 To conpose a multinedia clip
conprising-different nedia types (referred to as 'tracks'), raw data
captured or retrieved fromthe various urces 10 are combined. In the
mul timedia creation and retrieval systemshown in figure 1, this task is

perforned hyxenplediatitied damBRe aﬁuoawerow@ﬁ@ bﬁﬂ&ﬂh@?@lézﬂénfa@\ﬂaﬂr%}éwbb' redi a

data is huge, typically many negabytes. In order to tacifitate
attracti ve RR@SED raexamples\ihe B‘&Hiwfheéia cqmﬁeni mudarlso avaludé (mvmrputer-at e

or acess. ot RE S B iabl Bt e S aIoREER odre EbpmacmPaln

conpr essed durH 8% g\ngmbmelmra difvePs, the clips are handed to a nmultinmedi a
server 14. Typically, a -15 nunber of clients 16 can access the server over
some foPm of network, although for ease of under st andi ng only one such

l'i ent 1. Th b t
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16. Once the clip has been received by the client, it deconpressed at
the client' 8oMBHacadN theymytimediaatkation and retnemlasystamts’ﬂmmn B flgllll’wy'éd

back' | h |
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term nal equi Erérgent and audi o content is Teproduced by a |oudspeaker or the
li ke. The opBrastiversulimertia reitovsl sericrn) patiodiady avep '@uuhr*ma*azhamwlsnow be

30 expl ai ne t ] Raw dat@
captured bymadlggéy {'Jar gﬁﬂfew c@‘g%&w gﬂ&ﬁ%%%ﬁwﬁ@g &tﬁ%% PLLCERS- dat a
i s captur egthejsamwdﬂldmas of rale diat@ have Beeh conthiny@ ahd(dompresséd W&idhn and a
capturin
P g mulP/A edsa C|IpS the clips are handed to a multimedia server 14. Typically, a
15 " number-of clients 16 can—access the" server-over some-form—of network,"

although for ease of understanding only one such client is illustrated in Figure
1. '

The server 14 is able to respond to requests and control commands 15
20 presented by the clients. The main task for the server is to transmit a desired
multimedia cfip to the client 16. Once the clip has been received by the client,
it is decompressed at the client’s terminal equipment and the multimedia
content is 'played back'. In the playback phase, each component of the
multimedia clip is presented on an appropriate playback means 18 provided in
25  the client’s terminal equipment, e.g. video content is presented on the display

of the terminal equipment and audio content is reproduced by a loudspeaker
or the like.

The operations performed by the multimedia clip editor 12 will now be
30  explained in further detail with reference to Figure 2. Raw data is captured by
a capture device 20 from one or more data sources 10. The data is captured

using hardware, dedicated device drivers (i.e. software) and a capturing




3 application programthat uses the hardware by controlling I??@W%ﬁ%
drivers. For exanple, if the data source is a video canera,.fhe"’ ¥ e

necessary to capture video data nay consist of a video grabber card
attached to a personal conputer. The output of the capture device 20 is

- usually either a streamof 5 unconpressed data or slightly conpressed data
with irrelevant quality degradations whén conpared w th unconpressed dat a.
For exanple, the output of a video grabber card could be video franmes in

an unconpr esgeficatiddy poct: r ti on-JP I ma format. The
term'stream is usgd_ st?rggldieﬁr)\%tr% e{sh@ef @%ngtby ??Ptﬁfgﬁ\g,g gﬁtgfﬁﬁé(fq%ﬁgyers.
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singl e t PreUnceEpreesedxdatpl @r. shightlyi meeimesiddadEtal Rain qhg}ék,énpe%lmlﬁved
back synchr%%g%{ia{ such as audi o and video content, are |1 nked by ,
provi di ng i ndi Hiors dheh gompaire il apsanipressask dafta. Earlexbnpie, the

| ndi cati ons guggar 68 A%/ilES HSsh ' f other rmultinedia
streams nmay al so be provi (?gﬁ %g?@d%@i?% hg{é%t ﬁ@"}‘%ﬁ 1 aftjUpcomnRaRgtndent
mul ti medi &~ SHY¥aAR:Oafermasor iimieehdtiont JREGIRAgE Rl The t%“%ﬁ&?ﬁ]a is
"track' is lh%%g tf r‘%ﬁcﬁtgiﬁﬁ I%Oifgﬁ‘lﬁ' as a generic termto describe the =
mul timedia content. § 1af INJHa8y Bitdatiens, tmultismidiadagpis capstdidd t he
nmedi a toacKmm he s ¥yees R reskaR! Ldea fr rate_may be
reduced to fgal f or the spati al 'rerggi u[ i ’oﬁoh{]%v‘l\‘(@&q%gﬁ‘swnﬁi raw data.
decr eas edd _gﬁatﬂwndbﬁmoel@mnf mluﬁh;mecﬂé,dae@ﬁ!iaymé}iﬁtﬁé ﬁﬁlﬁ Bﬁpfreb&o;-ed,_
conpr esse : a manner appropriate for the nedia type in
quest i on. F(];?rI ’ggﬁﬁgﬁg&l‘ éﬂ“h%ﬁcﬂ%ﬁ%@:E?e‘%fﬁb\fﬁ\?%hzﬁ.l&)aﬂe@%rkthaadIdrweul d be
conpressed using ITU-T recomrendation H 263 for |Iow bit-rate video codi ng.
In the 30 %ie&hexi n{g hase 26, the conpressed nedia tracks are
interl eaved Té?f 2 hyst é@gﬁtbeéiaﬁa@mﬂbi meslia estreanb) sbdingd erdint 4§d ream
conprisiilg %&Vﬂdﬁhpméaié ¥ources 10, into a single time-line. For example, multimedia
streams that should be played back synchronously, such as audio and video
co.ntent, are linked by providing indications of the desired playback times of
each frame. Indications regarding the desired playback time of other
multimedia streams may also be provided. To indicate that the initially
20 independent multimedia streams are now linked in this way, the
muftimedia ‘track’

term.
is used from this point on as a generic term to describe the |

multimedia content. It may also be possible for the editor 22 to edit the media
tracks in various ways. For example the video frame rate may be reduced to
half or the spatial resolution of video images may be decreased.
25 |

In the compression phase 24, sach media track may be compressed
independently, in a manner appropriate for the media typs in question. Fdr

~ example, an uncompressed YUV 4:2:0 video track could be compressed
using ITU-T recommendation H.263 for low bit-rate video coding. In the

30 ‘muitiptexing phase 26, the compressed media tracks are interleaved so that

they form a single bit-stream. This single bit-stream, comprising a multiplicity

of different media types is termed a 'multimedia clip’. However, it should be




of different nedia types is termed a '"nmultinedia clip'. Howeg_ea,ﬂﬁ?\ @%ul d

be 3 MR 2n05 4 noted that nmultiplexing is not essential to.provide a

mul timedia bit-stream The <clip is next handed to the nultinmedia server

14. The operation of the nultinedia server 14 is now discussed in nore

detail 5 with reference to the flowhart presented in Figure 3. Typically,

-mul ti medi a servers have two nodes of operation, non-real tinme and

real-tine. In other words, a nmultinedia server can deliver either

pre-stored nultinedia clips or a live (real-tine) nultinmedia stream In

the forner cyafed thatipslt nd is sof desentifidngstovidea ﬁﬂﬂtﬂﬁédﬁﬂiiﬁ@l@é@n?’@be"‘hi ch
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IS then accesse he,secrver in an 10 'on-demand' fashion. In the tter
case, multi n@@ign%%@n%‘?it%ﬁ?ﬁjwnfrﬂ.e&‘ﬁrﬁw%feﬁ"‘ver by the editor 12.as a
continuous nedia streamthat is imediately transmtted to the clients 16.
A server may_renove and conpress sonme of the header information used in
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controls. PYPrdsxanphbimediaeersericanmdyiver ctbbe pistirel rilniddnskpsssr gn of
its transnjssion. Additionally; clients may

aclip, ort d resu !
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transm sél onOnisIARE TBshiongilndhedatiet gpseamultiredisedips nes Haavad 16/thent 16
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media clip from a fulti nedra getvér Copliaqus amdia istiqarg dhal is pneediatelye
clip 40 in omalsmitedsennealients 16, Alsbhay 4y AEbAs bhathgart abped ML n
e .

the clip. Then, ,the separate nedia tracks "are deconpres Phe

deconpr esse ?écgegdﬁgqrmipgoys%m e multiptexing éomnatyand bamk ensapiliteahe
ncl udes, & cherrolTer o eeets pffblBERpRialy QuBFife Hefudik. Ylins contral °""
A |- _"—thje operation-of-the-server-using-a-~controt-protocot* 15:-The-minimum-set-of - - -
controls provided by the control protocol consists of a function to select a
desired media clip. In addition, servers may support more advanced controls.r_
For example, clients 16 may be able to stop the transmission of a clip, or to
pause and resume its transmission. Additionally, clients may be able to
20 conirol the media flow should the throughput of the transmission channsi vary

for some reason. In this case, the server dynamically adjusts the bit-stream to
utilise the bandwidth avaitable for transmission.

Modules belonging to a typical multimedia retrieval client 16 are presented in
25 Figure 4. When retrieving a compressed and muitiplexed media clip from a
muftimedia server, the client first demultiplexes the cfip 40 in order to separate
the different media tracks contained within the clip. Then, the separate media -
tracks are decompressed 42. Next the decompressed (reconstructed) media
tracks are played back using the client's output devices 18. In addition to
30 these operations, the client includes a controlier unit 46 that interfaces with‘
the end-user, controls the playback according to the user input and handles'
client-server control traffic. It should be noted that the demultiplexing,




the end-user, controls the playback according to the user i @pltMh@dbtandl es
client-server control traffic. It should be noted that the demulti pl exing,
2 3 MAR 2005 5 deconpression and pl ayback operations nay be perforned while
still downl oadi ng subsequent parts of the clip. This approach is comonly
" referred to as 'streanming'. Alternativel®y, the client may downl oad the
whole clip, denultiplex it, deconpress the contents of the individual

medi a track t C uncti o t the nature of
digital vi di%c‘i’ﬂgh%ﬁi%"s A, Saidex Wndtafliie el e 'SirorbBs: Al 3

net wor ks wi tibwhiadirgr reureequihid pariseat eheeslip) ks Oaghrioack isTeohdoRiyCt Ur es
. recorded on film, conprise a sequence of sti?l I mges, the 10 illusion of
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si mi | ar fandandesicienastartahe pleybdek finatioamount of redundant i nfor mati on.

For exanple, a typical scene conprises sone stationary elenents, e.g. the
15 background scenery, and sone noving areas which may take many different

forms, f , i i.c and so. on.
A'ternat fvely the Aafrbl6f o 1565 S8GRnes bkl for sriBlesith
whi ch  casecainmunieaiiorss nefwdrke wiltdgs dbsotibddievisatesdduanices, i bffinah many

cases, this eans, hat the overall change between one video frane and the
next is 20 FHUQR PCHRfEs. regpraeslpa ditmy, mosnprigse aase@iencrech atllimagest the

novemnmen F i ha; : e _.ghange
From ont  AuSirariofon Hefd §3bf by isBRYRT B e R Rb P o6
novi ng el emantadaiivelye fastheatge tyfpicdyots ~f3z31rftam@sgjm sendindl, Baheabest ffgan in
a scene v\/nereI ﬁnl tongz elenent js noving. 25 30 Vi deo conpression nethods
are based off'P \fﬁd%l 75t (MG AR amRoashin coaseelivafames tendtanbe paiites of

video sequengfifar AP tHRIEABICY cbAsYbARfe amount of redundant information. For
example, a typical scene comprises some stationary elements, e.g. the
15‘ background scenery, and some moving areas which may take many different
forms, for example the face of a newsreader, moving traffic and so_on..
Alternatively, the camera recording the scene may itself be moving, in which
case all elements of the image have the same kind of motion. In many cases,
this means that the overall change between one video frame and the next is .
20 rather smail. Of course, this depends on the nature of the movement. For
example, the faster the movement, the greater the change from one frame to
the next. Similarly, if a scene contains a number of moving elements, the

change from one frame to the next is greater than in a scene where only one
element is moving.

25
Video compression methods are based on reducing the redundant and
percepiually itrelevant parts of video sequences. The redundancy in video
sequences can be categorized into spatial, temporal and spectral redundancy.
‘Spatial redundancy’ is the term used to describe the correlation between
30 neighboring pixels. The term ‘temporal redundancy’ expresses the fact thé_\t

the objects appearing in one image are likely to appear in subsequent images,




sequences can be categorized into spatial, tenporal and spectrqlg MAR 275
redundancy. ' Spatial redundancy' is the termused to describe the
“torrel ati on between neighboring pixels. The term'tenporal redundancy'
expresses the fact that the objects appearing in one inmage are likely to
. appear in subsequent inmages, 2 3 MAR ?""5 6 while 'spectral redundancy’
refers to the correl ati on between differ@nt col or conponents of the- sane
i mage. Sufficiently efficient conpression cannot usually be achi eved by

simply 5 reghilei 'BEetia Wuhﬁﬂﬁcﬁ’%?@‘sgfo f[”faed}dgﬁél'&ﬁ niﬁbtﬁ!ﬁgh\écﬁﬁpfﬁu%? 58, Of

| mages. Thus, nost current video encoders al'So reduce % hose
parts of tEemMponesisebierssenedmate.are subjectively the | east inportant. In
addition, the redundancy of the encoded bit-streamitself is reduced by
means of efficient |ossless coding of conpression paraneters and
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tenmporal re a reduction in which the content of sone (often many)
frames in awggeg&%%ﬁgw{év _GBQOC_!GIF@BO-I'B&W the qualityoh ibererparisants- i n

t he- sequencédvidebasddi@drc i Jatcl Eed] st e
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redundancy FREHRIANSY dlethisosncosied hibatibay itsdi screldNERA by theans fdfasisiont

wh { edi cted | |led | NTER of P-frames. In th
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pr eci set@nouaghievaddisite aebiifgde R-g@wlgvhaésl ’Vaﬁ&‘ﬂ@rl&.?%ﬁ%oer K\?I'Ed)fn error imge
Vi

is al so associated with each I'NTER frane. Many €0 Cco essSi'on schenes
al so introduce bi-directionally predicted franes, which are commonly '

referred tqy el -f,ranes. .B-pi ctures are inserted between

ref erence 03’@%‘3 %@hﬁt%s@n%%ﬁmﬁfypﬁﬁgydgﬁﬁg '(‘?ed% %’@l‘%’r@é’f"‘%%%
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in Figure 5 can pbe seen from the figure, the sequence starts w

| NTRA or' | T‘Féi‘?@“%@? of- SPREufQiten MarmOt Famesnén A |vddy sdupenebecamcss
- Aunber “5@9'“"%ﬁ%téd’“f%rﬁlﬁhéméﬁ%ﬁffﬁ the-sequence by-tracing the motion of-objects -
or regions of an image between frames. Compressed images wﬁich_.do not
utilize temporal redundancy reduction methods are usually called INTRA or -
frames, whereas temporally predicted images are called INTER or P-frames. |
In the INTER frame case, the predicted (motion-compensated) image is rarely
“precise enough, and therefore a spatially compressed prediction error image
is also associated with each INTER frame. Many video compression schemes
also introduce bi-directionally predicted frames, which are commonly referred
- to as B-pictures or B-frames. B—picfures are inserted between reference or so-
called *anchor’ picture pairs {{ or P frames) and are predicted froh either one
25 or both of the anchor pictures, as illustrated in Figure 5. As can be seen from
the figure, the sequence starts with an INTRA or'| frame 50. B~pictures :
(denoted generally by the reference number 52) normally yield increased
compression compared with forward-predicted P-pictures 54. In Figure 5,
arrows 51a and 51b illustrate the bi-directional prediction process, while
30 arrows 53 dencte forward prediction. B-pictures are not used as anchor
pictures, i.e. no other frames are predicted from them and therefore, they can

be discarded from the video sequence without causing deterioration in the

20




conpr essi on conpared with forward-predicted P-pictures 54. 1% 3FMd8r goms,

arrows 5la and 51b illustrate the bi-directional prediction process, while
30 arrows 53 denote forward prediction. B-pictures are not used as anchor
pictures, i.e. no other franes are predicted fromthem and therefore, they

-can be discarded fromthe video sequencg w thout causing deterioration in
the 2 3 MAR 20r, 7 quality of future pictures. It should be noted that

whi l e B-pictur i nprove conpression performnce when conpared with
P- pi ctures, OH‘?@?V ggﬁ'\ﬁ‘i‘rﬁe‘)’%‘r"@?- ey begroted dhat whits Brpicturesmmaytiriprove
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corruption of i e content in a given frame, w pfopagate in tine,
. causi ng cor Fﬁ’ﬁﬂé"ggl %‘Fggiﬁiéléﬁﬁlmdﬂﬂﬁﬁﬂﬁdltlpﬂéhd@aw fromthat frame. It

shoul d akso be apparent that the encoding of a 10 video sequence begins
with an I NTRA frane, because at the beginning of a sequence no previous

frames are divahoulol betapdavent fomether aper: Hiycubsied @f’[tieﬂ‘;bocr?lrgf‘r%{@iront ’fgfrartﬁ nal

shoul d be ngted.t hat, n di spl ayed, for exanple at .

equi prent 1 %‘etqi%‘%f le\ghég% lossg dﬁ"fg foniher etarm?crragf inage eontent raaegivas t he
order of enggrghaa/tacael Sk [ A e i ng/ decqdi ng 15 .operation
starts with an Ié'l%ﬂ'vgg\ P @:ﬂﬂ@a t%nﬁsﬁ@\ggséaﬁb%ﬁe%%ﬁ{%g’gp Pﬁes hsspent epe

pl ayed back pyediciad fron thatairarmnbl RAH AdredsdVbe exdgafreni it #he 2RRHGIngNSY a

. differe picture types used in |ow bit-rate video coding can be“found in
" the art ﬁ@l e:\%eﬁ.’ EQQ-ME“C %(?SH‘SCY{@T' 7§ T RAVrase .- begause aigherbegioniag & aEr ol |

M Gal | ant ugncgqﬁs Fdviidlg fri P on.Circuits apnd. Systens
for Video T?(?Elnol ogy, Rlovéc?rubsefrré@%%g Ia-rll}rafi %@gﬁ%’éﬁﬁﬁo %E%gnfﬁfffif Hﬁq"gﬁ’%{
D s o Al b Poracirmtpiherudphlybd, rowmpkl A diRngs |
be appr eci aﬁéh‘ﬁ{%ég aglpiﬁl%l}' ﬁc gg‘?lpg‘py&)éﬁgg’ﬁﬁ?w the if@_émamaymot be the same
retrieval / staahenor@ér \6fdeAceRAYRBESSINGY STh GO MILC #id O&?cor&?ﬁdfaéggding
15 | operation starts with an INTRA frame, this does not mean that the frames
must be played back starting with an INTRA frame.

More information about the different picture types used in low bit-rate video .
coding can be found in the article: “H.263+: Video Coding at Low Bit-rates”, G. .

20 Cote, B. Erol, M. Gallant and F. Kossentini, in IEEE Transactions on Circuits
and Systems for _Video Techno!orgy, November 1998.

In the light of the information provided above concerning the nature of
currently known multimedia retrieval systems and video coding (compression)
25  techniques, it should be appreciated that a significant problem may arise in
the retrieval/streaming of video sequences over communications networks.
Because video frames are typically predicted one from the other, compressed-
video sequences are particularly prone to transmission errors. If data loss.
occurs due to a network transmission error, information about the content of
30 the video stream will be lost. The effect of the transmission error may vary. If
information vital to reconstruction of a video frame is lost (e.g. information

stored in a picture header), it may not be possible to display the image at the




Because video frames are typically predicted one fromthe ot ﬁe&‘,M/s;R)rzgggassed
vi deo sequences are particularly prone to transm ssion errors. |f data | oss
occurs due to a network transm ssion error, information about the content
of 30 the video streamw || be lost. The effect of the transm ssion error
may vary. If information vital to reconstruction of a video frame is |ost
(e.g. information stored in a picture Header), it may not be possible to
di splay the image at the 2 3 MAR 2005 8 receiving client. Thus, the entire

frame and ShASY r ' ' re.l i e, cannot
be reconst?{t%t ed aﬁg&gﬂ’ g@l"g’y@%ﬁéq tﬁ%qgarﬁée%gldsgerbgged'}eggge?f fg%t’?/éﬁé?qm“@% t he
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frame are still affected_and the error propagates bot’h tenporally and
spati al |y Wt rPiMParhahihe e contantiis affesterh dowars franiesupsedisted
transmtte r I st ruct |.$ . _ icularly, severe
probl em i ndf\fgﬁg t!ﬁ%v\c/fdgl -%(%tfgﬁg%nér@ngﬁclg%f%%gé\ﬁhér@EF%E‘IIQA Rrpﬁﬁ%éteﬁaéo%'e

t ransm & edtesnpgrailpf ared)spatibly (ettgn teeinhAFRACGUANBe QRN Vtht0nsgE TR 10
The nature pf transm ssij OB%HNS vari es dependi ng on the comuni cations
network in ﬁ?&et ISofangitied, 3N cogaety: rRepnstiupiack I hissisch pasticulady severee. and

mobi | e t el egRsHIEMSIKS NSH SSi e the form of
bi t reversgl s. In o?ﬁgflowopngéﬂé; ﬁéh‘g‘ﬁl‘gﬁ%ﬁ%@%@{bﬁégk‘lﬁmﬁ%‘gﬁ.'B?‘thf‘r‘e

vi deo cont etfensmitted oolytnireglientlyt(canrond INTRA frapicdvery Hsdochdggnner t hat
1's are turned into -t5- O s-and-rice--versa,-|eading to-

m srepresentation--of -the-inage-content.--1n nobile tel ephone networks,
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quality of the radio link. In networks t

communi cat i BAfwerKaits muestiom r2oirenit anwitdhaide netveorker Buoh fadiked liwssag I n
this kind o b ata packets are ysually lost as a result of

congest i on héhq%\é@h%mﬁgﬂek&?y*?m?h ARBFRHIRN @é’@%?rﬂ?“e@yﬁd@g?éh? TRETVRI it

el ements, suslerealsgat ey Werdseite digyl dhecq i cobtbnfn
unreliable transport protocol such SQ;MU_DP (Ugg?g%{at?'ggggﬁnlfﬁ%’?’o ch?r;ltepg '
used, |ost 8&@-@’95{“&# aﬁifﬁ?ﬁptﬁ gayHptadein. sjuahm eamrer éhatf 'erare Heridhl ings wor k
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mobile telephone networks, bit reversal errors typically arise as a result of a .
decrease in the quality of the radio link. '

In networks that utilise packet switched data communication, transmission
20  -errors take the form of packet losses. In this kind of network, data packets are
usually lost as a result of congestion in the network. If the network becomes
congested, network elements, such as gateway routers, may discard data
packets and, if an unreliable transport protocol such as UDP (User Datagram
Protocol) is used, lost packets are not retransmitted. Furthermore, from the
25 network point of view, it is beneficial to transmit relatively large packets
containing several hundreds of bytes and consequently, a lost packet may
contain several pictures of a low bit-rate video sequence. Normally, the
majority of video frames are temporally predicted INTER frames and thus the
loss of one or more such pictures has serious consequences for the quality of
30 the video sequence as reconstructed at the client terminal. Not only may one

or more frames be lost, but all subsequent images predicted from those
frames will be corrupted.




contai ni ng several hundreds of bytes and consequently, a |ost] PaidkBtZfay
contain several pictures of a low bit-rate video sequence. Normally, the
majority of video frames are tenporally predicted I NTER franmes and thus the
| oss of one or nore such pictures has serious consequences for the quality
~of 30 the video sequence as reconstructed at the client termnal. Not only
may one or nore frames be |ost, but all9 subsequent i mges predicted from
those franes will be corrupted. 2 3 MAR 9 A nunber of prior art nethods
address the problens associated. with the corruption of conpressed video
sequences due to transm ssion errors. Generally, they are referred to as

error resi A ang®er ot maﬁnmetms:auumshme prémbms! AssodiaRdoatiegpe! es:
error correction and conceal ment nethods. Error <correction refers to the

capabi | ity BPTHRRYY i ﬁgwemﬁbuédmt%emmat Hyeato itfanamoiseionoeyoliad been

I nt roduced X rans

consi der ed grﬂ]éntgpﬁfﬁ, 'tlie;; §%C€§(“f§|;{eﬁ3? ﬁ%ngEF F‘%ﬁﬂ e&ﬁﬁcgﬁqb@% gPéft‘gfga‘F/ th(eﬁ(e
capabi l'igy tall iroceal dabsy®@idse cdrforobofreaitiinapsl eOnEsIReht SAtHdak. Eiedr
shoul d be 10 hardly visible in the reconstructed video. Error conceal nent

met hods typFeERFYon fefers imthe erpaldlityafogeeyering eupneeus datewpedestlyeas ient ,

Forvar d_orr 50 Sdrndia AETh WRERERES BUpR0Rs! PhBRAFY SR R RFRRS TR
transm tti ngahdentorideraddm @rectdriédlionaaepRdoErncedonsedfiert tefoheto the
transmtted datg,@so that the 15 receiver can easily recover the data even

i f transni s§PABACERL treonse@lthe ﬁtfectSéaafatﬁanénIsslﬁe arrer s thet fpwshrdd decoder
can Shﬁg Er)lgn htarf'@I RAGSILGH tﬁé&gﬁ?&iﬁr&fte Wi%ocg éggglﬁié?ﬁi{@fhgﬁgltym%m} he

ot her err r concea - pI‘OC

recei ver - or ifglhtid. tth;msmte’gﬂrmsds‘otwardt errestbneéeﬂrrtdm efor icebtealment by
representation of erroneously received data. The transmtter and 20

recei ver may O3f-REPESSBYser i iNtgrakdivet oSffPhi hanheealrenl; f Lewsrd  error
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provi ded by the receiver. Error concea post - processing can al so be
referred to ailsls pasaitaie degrer obmnediandey mmeasartshet’redi hatatat so thatt ggori es
repr ese% fq 9688iver can easily recover the data even if transmission errors occur. For
- example, the transmitting video encoder can shorten the prediction paths of
the compressed video signal. On the other hand, error concealment by post- .
processing is totally receiver-oriented. These methods try to estimate the
correct representation of erronecusly received data. The transmitter and
20 receiver may also co-operate in order to minimise the effect of transmission
errors. These methods rely heavily on feedback information provided by the
receiver. Error concealment by post-processing can also be referred to as
passive error concealment whereas the other two categories represent forms
of active error concealment. The present invention belongs to the category of
25 methods that shorten prediction paths' used in video compression. It should
be noted that methods introduced below are equally applicable to compressed
video streams transmitted over packet switched or circuit switched networks.
The nature of the underlying data network and the type of transmission errors
that occur are essentially itrelevant, both to this discussion of prior art and to
30 the application of the present invention.




of active error conceal nent. The present invention bel ongs to%theMkftzapry
of 25 nethods that shorten prediction paths used in video conpression. |t
.should be noted that nethods introduced bel ow are equally applicable to
conpressed video streans transmtted over packet switched or circuit

sw tched networks. The nature of the underlying data network and the type
of transmission errors that occur are fgsentially irrelevant, both to this
di scussion of prior art and to 30 the application of the present invention.
. 2 3 MAR %ﬁﬁ% 10 fLror re i lience nmethods that shorten the prediction
paths wi t hin' 9 J&8eReeR aRtheds, thal, sherepnthearedictioni paths: iwithipl bdeof a

vi deo sequ cPeBE @y I N : R { | 0ss _of | e data
as o rooul Lo on erbasgd dilihe foBbi pidE, If £MERo e ERGe daahs
subsequent 1§ lafeg trdindot NTEERf framves, tosd db itfageed4dtarasval leslt QP agdicfnidsid, be
visible for "2 Ion@ !Ee%tﬂgoi n the decoded video stream Consequently, the
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st rFam 2. ﬂéﬁﬁ!&--gohsaﬁmﬁlﬁihmstm re@'ﬁ?iﬁldcﬁtiﬁ §3ﬁ.=.géﬁa éeQ'll pel sﬁfﬁr%@éﬂ% d 4.
enpl oyi ng a ni own as ,vi deq redundancy coding. It can be shown
that the prﬁ’%fﬁfgﬁ?‘{‘gﬁg’ﬁh@&\é%&i thﬁgé}gﬁ% ifarae pyaswiences withie Hhel \¥edgo Hits t hi n
vi deo sequestegfmalhi ty | ent.h L1 LA f npr. eﬁfﬁg
sequence. This isl-.ﬁgéjé un esbicér ggﬁ@%ﬁf% 't ? g@érséghgaﬁey?'{%ﬁufaﬁ% i INTHA_
rat e- t r ansnif@@esvitiiaihe videw sireamhannsing Biieieed, I8 i@ reiayaideapicire

bandwi - .he_shared betwee mul tiplicity of users. The increase in
bit-r a?'ted1 d%%é%ﬁt&g‘ i A gmploving a&ﬁ%ﬁ‘@%@ KB 3k vidadedwadancy edinge vi deo
sequence to be coded. 20 In the light of the argunments presented above,

concerning the nature of nmulti- nedia retrieval systens and conpressed
vi deo sequelh&@ beshgun tha teppdetat edethiods foheedueingshe preslicgiohf pgant

probl em rel gt AL mptin effe of fransm ssign errors on _ -
per cei ved | %&‘ngq‘ﬁ’a “!Ht gfd%ﬁh%eéngfdﬂ%s peﬁ\[ d?n%r{o ’ﬂ%rteﬁﬁ@sﬁ?dop‘kgﬁet Bf sther obl em
by I'i m tingcompressedi sddquahceatihid ehahhuntfGabib effect, particularly in low bit- '
m e 1.'5~----'-'-rate-tran-smi'ssiO'n---qh‘anne'ls-or"'in“chann‘e‘ls*whererthatotai"ava'iiable bandwidth- -
must be shared between a multiplicity of users. The increase in bit-rate

depends on the method employed and the exact nature of the video
sequence to be coded.

20 Inthe light of the arguments presented above, concerning the nature of multi-
media retrieval systems and compressed video sequences, i will be -
appreciated that there exists a significant problem relating to limiting the effect
of transmission errors on perceived image quality. While some prior art
mrethods address this problem by limiting the prediction path tength used in

25 compressed video sequences, in the majority of cases, their use results in an
increase in the bit-rate required to code the sesquenc:e.a It is therefore an object
of the present invention fo improve the resilience of compressed video

sequences to transmission errors while maintaining an acceptably low bit-rate,




25 conpressed video sequences, in the magjority of cases, theirQQ§¢wﬁeggﬁts
in an increase in the bit-rate required to code the sequence. It is
therefore an object of the present invention to inprove the resilience of
conpressed video sequences to transmi ssion errors while maintaining an
acceptably low bit-rate. 3U 2 J MAR 11 Summary of the Invention In
accordance with the objective stated abovle and in a first aspect, there is
provi ded a nmet hod of encodi ng a sequence of video franes to forma 5

conpr essed ‘Btﬁﬁﬁlaﬁgﬁf‘ﬁgﬁweﬁﬂ#r‘i‘ conpressed vi deo sequence conpri sing
frames encodéd In rrst conpressed video franme format and a
second conpressed video franme format, said first conpressed video frane
“format bei nq?a non- t enpor y predicted fornmat and said second conpressed

|
vi deo frame (ﬂcﬁ‘ﬁfdad@enﬁ‘tg tlﬂ@rﬁi&e@iwwstgt%abowmma fivsiaaspetotr theesl id n
that 10 the i o] | t eps_of identifying a first indication
" associ at ed ngtﬁiﬁﬁgg ?i ﬁé{iﬁ%{?f@o ﬁ?éﬁa}ﬁat%ﬁe%n&ef P}/s‘f'g%’ cf%%“?? dfe 'YAb@ d be
encoded Pn swmpressed vidensegasace,vésldcdmpRséQN 8o @%ﬁ&@t&%r& '
sa nd VI deo

first indi ca%tion with a second video frane; encoding Seco
frame in sai RS SNCoderpineat deasti adisst campressachvidate fiamendormdti asd set of

e § Col > ; \ : 'd q

Vi deo 11 ane. o ond SERbRIs8sd Nidd Rns Wvel el fitsl lhpipssad aides ame

conpressed \pteat bélngrmnbnﬁefmbbred@f;br@i:ﬂ@ﬂecﬁfcﬁfﬁ?a@%cﬁ%igogecéég‘?%{ﬁa{f&-g@e;% q
Vi ;

conprising Myideo frames occurring after said secon
encodi ng saiV(HEY‘?soeﬁ't:)lmf3 ch’mai(ﬂelw deteriparaty predi@taﬁdfogmmbamm&adhut deo
b ovi deq a e e eoRuRestng SE5P B BRBR o R S RelsRHSE e SHESS0 or m o
conpressed itk yidasyframesthes aiailt diestvidess fdmed JROUBISEH SAEEISOTRShA fiT:
second 25 conueBadl vidREd e aihen rassoceana feAie: Nesmingisatan viitho  r are
for rrgt second video frame; encoding said second video frame in said first
compressed video frame format; defining a first set of video frames |
15  comprising N video frames occurting prior to said second video frame;
encoding said first set of video frames in said second cﬁompréssed video .
- frame format; defining a second set of video frames comprising M video
frames occurring after said second video frame; and encoding said second
set of video frames in said second compressed video frame format.
20
According to a second aspect of the invention thete is provided a video
encoder for encoding a sequence of video frames to form a compressed
video sequence, said compressed video sequence comprising frames |
encoded in at least a first compressed video frame format and a second
25 compressed video frame format, said first compressed video frame format
being a non-temporally predicted format and said second compressed video
frame format being a temporally predicted format characterised in that the
encoder comprises means for identifying a first indication associated with a
first video frame that said first video frame should be encoded in said first
30 compressed video frame format; means for associating said first indication
with a second video frame; means for encoding said second video frame in
said first compressed video frame format; means for defining a first set of




being a non-tenporally predicted format and said second conpr&s$ediiixteo
frame format being a tenporally predicted format characterised in that the
-encoder conprises neans for identifying a first indication associated with
a first video frane that said first video frame should be encoded in said
first 30 conpressed video frane format; neans for associating said first
indication with a second video frame; ¥eans for encoding said second vi deo
frame in said first conpressed video frane format; neans for defining a

occurring e TalE cetnBiding t o FATES EOURIIC LRG3 S SRebhaTRRe (1 ¢
set of vi déanie;amesmnsn feraiedcsdingnshid Clirgprses sfdvidedepameans E@idmBésongans

for defini gg a second, set of video frames conprising Mvideo franes
occurring &PIHVessRd Video fiame deisnal; mranssiirdeliniaa s sesonrc sstiof yides d

second set §QfivNd L i Sad C . I fr [ mat .
Accor di ng tf%r%é[éf %?&ﬁr@ﬁy "’W@"} %v%%ﬂf%ﬁ%ﬁé?%aﬁgs%éﬁ%ﬁ&ggggﬁ% €o
codec Bnclandi mpamsvisteeneoding esaidaendtngett of Vit fanied bspait seéonde

i nvention. 10 Accor incig tfﬁ a fourth aspect of the invention there is

provi ded a SAMRIERBRH Yioeladgtformatat i on systemincl uding a vi deo encoder
according to the second aspect of the invention. 15 According to a fifth
aspect of the invention there is provided a nmultinmedia termnal including

a vi deo encwmerdiagcior dithiydtaspebe of deoinleatiorthers ig prvidad anidern codegor di ng
to a sixth.aéﬁgct of . the invention there is provided a | tinmedia 20
termnal adRGHEINGA V§ierngqder gogarsing togtheiseeongaskechel trdr@ntian. sed in

that tRg termnal is a radio tel econmunications device. According to a
seventh aspect of the invention there is provided a nethod of decoding a
conpr essed Ataedingeipuarfoarthcadpmenod thse fuemtion dthe s i prviqed asediintatia

frames, said ressed vi deo seguence ¢ risi frames encoded in at
| east a fi r%qnggﬁﬁﬁ?eé@gdsﬁqﬁ'@o‘npﬂgw fio‘f‘aﬁng %&ggr according 1o he second

aspect of the invention.

15 According to a fifth aspect of the invention there is provided a multimedia

terminal including a video encoder according to the second aspect.of the
invention.

According to a sixth aspect of the invention there is provided a multimedia
20 terminal according to the fifth aspect of the invention characterised in that the
terminal is a radio telecommunications device.

According to a seventh aspect of the invention there is provided a method of
decoding a compressed video sequence ito form a sequence of
25 decompressed video frames, said compressed video sequence comprising
frames encoded in at least a first compressed vidéo frame format and a
‘second compressed video frame format, said first compressed video frame
format being a non-temporally predicted format and said second compressed
video frame format being a temporally predicted format characterised in that
30 the method comprises the steps of identifying a first indication associated with
a first video frame that said first video frame is encoded in said first

- compressed video frame format; decoding said first video frame: receiving




*osequence after sal

second conpressed video frane format, said first conpressed v'gdgq?é}gm
format being a non-tenporally predicted format and said secon o] &d
“video frame format being a tenporally predicted format characterised in
that 30 the nethod conprises the steps of identifying a first indication
associated with a first video frane that said first video frane is encoded
in said first conpressed video frane fi& mat; decoding said first video
frame; receiving 2 3 MAR 2005 13 a first set of N frames in said second

conpr essed .V r : | i | | d: dec re . deo
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vi deo f Bandsama® dfctior dirstgsetp receiightd stpect sof of Mg vide® Hidroes tieszidi S
provi ded a vide decoder far, decodi a conpressed video sequence to form
a sequence ﬁﬁconge%@??ﬁf%??éid‘"@?@ Gee 2%{5%?* toyi ipclusinsy kssdld decprprissgednce
conpri si Ng y; ' i l‘ﬁ?e% l.T st | ,
format and v&@égg’gg%{%ﬁgﬁ%ﬁ)gt‘eg@g@}% eo ffrfag{r?é fo?'ﬁr‘g{@ nglﬁ]gd?%{ggfe%géﬁpr ssed
vi deo framofMdéoframtedei ng a non-tenporal ly predicted format and said
second conpressed video frame format being a tenporally predicted formt
characterised in that the decoder conprises neans for identifying a first

i ndi catjgon Ré@cﬂﬁlr‘g} e W ibntrA abps&t o¥ itﬁ@‘)int/?ﬁﬂ&'l ttpére 381 gholiaeat Vbiﬁ%B frame
is encoded in said first “conpressed video tfrane tormat; means for decodi ng
said first decnsderficadecodhoeaespfressacuion sgquerider &t fert acfedqiehcarsds in

S e AAREN B PE Bel Lt ] VS S
decodi ng sajrdirfeist 8hco@éd Gh &Y Madea fifst B mprd¥aAsviies PAAE" ioRgat Mdf hanes
of the first set of frame in accordance with playback i nformation
associ at ed 9#%and semprasesd yideoHikamer formeit saidefinst chopressed video frame

15  format being a non-temporally predicted format and said second compressed

' video frame format being a temporally predicied format characterised in that
the decoder comprises means for identifying a first indication associated with
a first video frame that said first video frame is encoded in said first
compressed video frame format; means for decoding said first video frame;

20 means for receiving a first set of N frames in said second compressed-
video frame format for inclusion in said decompressed video sequence prior
to said first video frame; means for decoding said first set of N video frames:
means for ordering the frames of the first set of frame in accordance with
playback information associated with the frames of the first set; means for

25 . receiving a second set of M video frames in said second compressed video‘
frame format for inclusion in said decompressed video sequence after said

first video frame; and means for decoding said second set of video frames.

According to a ninth aspect of the invention there is provided a video codec

30 including a video decoder according to the eighth aspect of the invention.




25 receiving a second set of Mvideo frames in said second coﬁny¢ﬁﬁpg{§ideo
frame format for inclusion in said deconpressed video sequence after g I d
first video frane; and neans for decodi ng said second set of video franes. -
According to a ninth aspect of the invention there is provided a video

- codec 30 including a video decoder aCQﬁgding to the eighth aspect of the

I nvention. 2 3 MAR 2005 14 According to tenth aspect of the invention
there is provided a nultinmedia content retrieval systemincluding a video
decoder acdwodirdigglio &fenti abidet GiSPRCHvOAtEN TdBVI8 rodledda ARGRATEAN. L 0 an
el eventh aspect of the invention there is provided a nultinmedia term nal

i ncl udi ng £oRfHoreiderlesysiroonaiuging e videoetieguder saqmecdingdto thiee eightient i on.
According t t t of the invention there is provided a
nultinediaE%T%CEQE%%%gygﬁ@%ﬁrding to the el eventh aspect of the invention
characterised in that the termnal is a radio tel econmuni cations.device.
According to a thirteenth aspect of the invention there is provided a
conput eP  AGKFERG 60 BRerlevPAl @spesb e thasingentiatedhere dde prdvide@ngodi ng
a 15 seque | fr Lo for.m a conpressed vi deo, sequence, said
conpr essedqﬁlﬁg@iec}s{%gggn@ggmqﬁ@ ﬁg‘fla]%c?“rgsecnﬁ%'bﬂ%@rflwga theRighth aspaegt

conpr essed ofitHednfaraize. f or mat and a second conpressed video frame format,
said first conpressed video frame format being a non-tenporally predicted
format and said second conpressed video frane format being a 20 tenporally

dicted f ; | | sai d. t I
Comput o1 ox St e Adael UF Erbach it (3utter ERHS B pRal ¥ mllifBracs
Wi th a1Di r sermirddactoualing tdile slevshthidspbctbfipe ivansditheihted angeged in
said first ressed video franme format; conputer executable code tTor

0 mat

associ at i ngiﬁ'?ggﬁn'f"i § a ragip delecommniertionscd@ifier.vi deo frame; conputer 25
execut abl e code for encoding said second video frane in said first
conpressed video frame format; conputer executable code for defining a

fir 3 t set d&ccmrdﬂ*@otof & dneteentngepesit g thé invdetioh tiaaresis greUdEURYcHmpatert O
sai d secon

program for operating a computer as a video encoder for encoding a
15 - sequence of video frames to form a compressed video sequence, said

-.compressed. video. sequence .comprising frames-encoded- in-at-least-a- firgt- -

compressed video frame format and a second compressed video frame
format, said first compressed video frame format being a non-temporally
predicted format and said second compressed video frame format being a
20 temporally predicted format characterised in that said computer program
comptises computer executable code for identifying a first indication
associated with a first video frame that said first video frame should be
encoded in said first compresséd video frame format; computer executable -
code far associating said first indication with a second video frame; computer
25 executable code for encoding said second video frame in said first
compressed video frame format; computer executable code for defining a first
set of video frames comprising N video frames occurring prior to said second
video frame; computer executable code for encoding said first set of video
frames in said second compressed video frame format; computer executahle
30 code for defining a second set of video frames comprising M video frames

occutring after said second video frame; and computer executable code for-




video frame;, conputer executable code for encoding said first? §eMARf 5 deo
frames in said second conpressed video frame format; conputer executable 30
code for defining a second set of video franes conprising Mvideo franes
occurring after said second video franme; and conputer executable code for 2
3 MAR 2005 15 encodi ng said second set @& video frames in said second
conpressed video franme format. According to a fourteenth aspect of the

invention there is provided a conputer, 5 program for operating a conputer
as a video BBeeeg %66;? sgeet pAk ok Videepiramies dn writh seeenrl cpawressadridea
sequence of;rgﬁféom%%sed video franes, said conpressed video sequence
~conprising franes encoded-in at least a first conpressed video frane
format and a second conpressed video frane format, said first conpressed

video frame for'ﬁ'tI bei gg a non 10 tenporally predicted format and said
. second conpfESSENg IR doieanth mepRat of theitnyeriiondhpts isl prpvislesa computarr mat

Code"T b | B 18 SRR e S8 T SRRPLNSGR I Ko,
 frame that seinpréssed videdeoefuente o fernodesbduanceaitl dbbbmipreasmel enmed

video frame_format; ,conputer executable code for 15 decoding said first
vi deo framef8¥H geeRs ¥idesueequanaeeemprising, fiampes gncoged iof aiN

franmes in s@ LGy f | ' | sai d
deconpr essegéév%it%ﬁgﬁggau nce pri g?gtfgeﬁ@%iféﬁrﬁtr{r?f%gg&)ﬂ@ﬁ%%@%ﬁ%&c&p :
‘execut abl e §radee fiormabc sdichdirsiaicdnipressed etided Mawieddorrhaarsng comoker
'executaﬁte ode f Ir or egQiSEPqthe franmes of the first set of frame in

accor dahte g‘?’“ﬁnof YOGS A angt $IA - S8eeBd icamiressacth Videe ramedermaat t he
first set; GRIRY tLh hadsad sa; t i deo
frames in said se%gﬁg%g%%?(%@%%%?oﬁgéf rﬁtg&rr@b cr)lrgrgrgt lnfsglﬁaln%él uscloorP"{Y‘Jra\ysai d
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said first compressed video frame format; computer executable code for
15 decoding said first video frame; computer executable code for receiving a firs’f
set of N frames in said second compressed video frame format for inclusion in
said decompressed video sequence prior to said first video frame; computer
executable code for decoding said first set of N video frames; computer
executable code for ordering the frames of the first set of frame in accordance
20  with playback information associated with the frames of the first set; computer
executable code for receiving a second set of M video frames in said second
compressed video frame format for inclusion in said decompressed video
sequence after said first video frame; and computer executable code for

decoding said second set of video frames.
25

According to a fifteenth aspect of the invention there is provided a computer
program according to the thirteenth and fourteenth aspects of the invention.

- According to a further aspect of the invention, there is provided a storage
30  medium comprising a computer program for operating a computer as a video
encoder for encoding a sequence of video frames to form a compressed

Vvideo sequence, said compressed video sequence comprising frames




program according to the thirteenth and fourteenth aspects ontBeMAR 2005
I nvention. According to a further aspect of the invention, there is

provi ded a storage 30 nedium conprising a conputer progran1for operating a
conputer as a video encoder for encoding a sequence of video frames to form
a conpressed video sequence, said conpr ssed vi deo sequence conpri sing
frames 2 3 MAR 2005 16 encoded in at Agt a first conpressed video frane
format and a second conpressed video frame format, said first conpressed

vi deo framechesdat in keilagsta Rt @mseabsd Me@ﬂ*hfatn%i fbRAARENANE SRiofigsecond

conpressed video frame format being a tenporally predicted format
char act er i se@MpPressedt wglaoofraraestomnwgesmdmmoompmsm videoiraimez fereatut abl e

rame that a9 §ri8xBoiesidly pERICEH AR5 30T idaacthd Samprorsed idec”
conpr essed ﬂ‘aﬂ@fdrﬁmd‘@% r@;ﬁqu@fmwmdm %rﬁ#&tecr%egeteh@édaﬁ%ﬁst %éidng

said fi rst I ndi cation wt . second video frane; conputer executab
code for5 enétinge madiumemaptisas: deo frame in sal d first conpressed vi deo

f f ; d f.vid
rames Ccomsy i of RBMgteroarsahafletodae for RiegtRind 2 st indiblion BraSiintesh
frame; 15 - wiorpsitgvides fahrblitatende f‘rﬁrw@éts:ﬂﬁmw shaiilet He bREo88d iPka)y deo

frames in said second conpressed video frane format; conputer executable
code for defifsiicograessedvdesdraroe foimgaty frames conprising Mvideo frames

oncodi ng sard seaipEr BRFufrBE0 b8 TR ARRNRHL SBF B IRRAERE
vi deo fi@ane skoonsiideAdegndj ng to a further aspect of the invention, there

i's provided a storage medi um conprising a conputer programfor operating a
conputer as-a vi #eBPURCG¥esupBle gededrh@racdingpsaidseerandivisieseffamecin t o

form a sedusnferiaf opASRRRRIASS Hhrid ek aes: sai d conpressed video.

sequence conprisin
- computer executable code for defining a first set of video frames

comprising N video frames occurring prior to said second video frame;

15 - computer executable code for encoding said first set of video frames in
said second compressed video frarné format; _ |
computer executable code for defining a second set of video frames
comprising M video frames occurring after said second video frame;

- computer executable code for encoding said second set of video ;
20 frames in said second compressed video frame format.

According fo a further aspect of the invention, there is provided a storage
medium comprising a computer program for operating a computer as a video
decoder for decoding a compressed video sequence to form a sequence of
25  decompressed video frames, said compressed video sequence comprising
frames encoded in at least a first compressed video frame format and a
second compressed video frame format, said first compressed video frame
format being a non-temporally predicted format and said second compressed

video frame format being a temporally predicted format characterised in that
30 said storage medium comprises:




frames encoded in at least a first conpressed video frane forrh Haf 8005
second conpressed video franme format, said first conpressed video framne
“format being a non-tenporally predicted format and said second conpressed
video franme format being a tenporally predicted format characterised in
that 30 said storage nedi um conpri ses: 3 MAR 2005 17 conputer executable
code for identifying a first indi cationléssociated with a first video
frame that said first video frame is encoded in said first conpressed

vi deo frame. f or N"BérpARIFRHUtENBHARPISR BBARYINY a dREC HdIGatRA 4 bqVi deo

frame 5 - conputer executable code for receiving a first set o‘?écw%rarres in
sai d seconWilboapireisvidgoviraeme thainsaid divatavideor framel issencoded $misaid first

- deconpressed | dea sequepnce ior ,to said first video frame; conputer
execut abl e 88@%’%%%%@@%%?@5‘%&@% rst set of N video frames; conputer
executabl e code @mpaidtent qréﬂ?@cﬁaémé&dﬁmiﬁéwﬁﬁﬁt\ﬁﬁéo met0 frame in

accordance with playback information associ at with the franes of the

first sed; conputempeiascerenbtableoielef for recaiding mirst stadrid feeteoin bhidi deo
frames in saj 0 essed, videp fr format for (pclusion in said
deconpressegég?ri‘gﬁggggﬁé%s%{ev efraqig @’fmafg“ff {neyisien iy eld fgcomprrgsgder
executabl e QRite derfucHEs pHibheh Saidkii8eFaRE figffe;0f Vvideo frames. According to
a further aspect of the invention, there is provided a nethod of encoding

a sequence of vi §edpLiimxecUtatiecodea footereting daidi fitsbsatexfud iep fRmesi d

conpressed vi deo ce.c | sing. frames encpded in at _least a fifst

conpressed Vi deocﬁﬁg’lﬁg&f %’l‘?é{qgéﬁdcoﬁ%é@bﬁﬁeg@ﬁp g’@H’Qﬁ gk dhe fikshesst; rmat

said fitet ¢amy isaesbrdbnes wWitrapRybasitHiohsattth AsdiialcNRM Md Yraniegj Ct ed

format and said second conpressed’video frame format being a tenporally

predi cted f&edSt8Abracterised in that the method conprises the 25 steps

of : - computer executable code for receiving a second set of M video
frames in said second compressed video frame format for inclusion in said
decompressed video sequence after said first video frame;

15 - computer executable code for decoding said second set of video
frames. '

According to a further aspect of the invention, there is provided a method of
encoding a sequence of video frames to form a compressed video sequence,

20 said compressed video sequence comprising frames encoded in at least a
first compressed video frame format and a second compressed video frame
format, said first compressed video frame format being a non-temporally

predicted format and said second compressed video frame format being a

temporally predicted format characterised in that the method comprises the

25 stepsof:

- identifying a first indication associated with a first video frame that said
first video frame should be encoded in said first compressed video
frame format; and

- associating said first indication with a second video frame in such a

30 way as 10 reduce a prediction path length in said compressed video
sequence.




identifying a first indication associated with a first video frZadeMiRa2ggs
said first video frame should be encoded in said first conpressed video
“franme format; and associating said first indication with a second video
frame in such a 30 way as to reduce a prediction path length in said
conpressed video sequence. 2 3 MAR 200? 18 The vi deo encodi ng net hod
according to the present invention proviﬁes an encoded video data stream
wWith greater error resilience than video streans encoded using

convent i onalThgsidws anchbing sRased ia%é‘%!ar‘d}hg% thend Yé‘s"éﬂt%veﬂ?t‘i&gbmcti% yjdeo

encodi ng/ decodi ng systemin which the effects of data | oss ead to
corruption 8Rcadathvidgnl galgr siseamnedith geepder auroopagiience dhan lvidexestreament

t han when usgj ior. art _video codecs. Accqrding to.the inyention, the
corruption %b g@e%oﬁépay Gﬁﬁgﬁ‘%& F}@i ds.i ?rgdqu%%?'fwﬁgh%?eﬁﬁ“ﬁj’t'on
predi ction praides Middd enk SRIGY 138 WIS beMed: lLwely
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exanpl e, af that lead to geruptipe of ReRporatynpredicied imagas, propRgate tore lagskat e
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wenti on. _ Prent R Speh TR Rlips R vSEARTersh dceiRate M ieRiOhiea:

such as t hoserrambateaﬂpomflwrpr@arctémfraniéﬁﬁsﬁ\ea@mﬁk%ho'rﬂéﬁ P%&?&ﬂ%n

requests, or scene cuts, are not thenselves coded in INTRA o
| nstead, a Pﬁmﬁ;ewébtmmaﬁ’gseqwrcam Tihie 19 mohiayed by (pftentivelysdelayingnttieor

di [ | : ) | f L1 ded | I.NTRA
Cormme (ter MEIArbr By NFRANGEL ralnde i€ B L e, SR At ros
appr oxi 1@t elpgriodidINTRA ke fodprRkt, g lNﬁFhﬂ'%nﬂe?Eleééfesrequbwﬁ&nfé Aot

requests, or scene cuts. Frames occurring prior to the actual [INIRA franme
are encoded '¥f81RRY: t BFPEr aBCHIRAFEL | dgcording eter the oirdention; afraineg 2baf r om

si gt empor3 o e ey il RO FOTRR ARG, SHof abrihong Bsogafed
preferred emitdperirdic diﬂTRt#eréq_nmetﬁ, iINTRAL Weﬁé@@ﬁsf%ﬁﬁ&@i@ﬁuﬂsﬂ afMBf S€
order are eREqasaed daded n INTRA Tatmat, thatead, b frame oceurming later in the "
15 Video sequence is chosen for coding in INTRA format. Preferably, the frame -
actually coded in INTRA format (termed the ‘actual INTRA frame) is selected .
such that it lies approximately mid-way between periodic INTRA requests, .
INTRA frame. requests, or scene cuts. Frames occurring prior to the actual
INTRA frame are encoded using temporal prediction, in reverse order, starting
20 from the actual INTRA frame, while those frames occurring after it are
encoded using temporal prediction in the forward direction. According to a |
preferred embodiment of the invention, those frames predicted in reverse -
order are encoded in INTER (P-frame) format. In an alternative embodiment,
backward prediction using frames encoded in B-frame format is used.
25
~ The present invention provides substantially improved error resilience
compared with conventional video encoding methods, in which frames
associated with periodic INTRA requests, INTRA frame update requests, or
scene cuts are themselves encoded in INTRA format. Specifically, the
30 percentage of frames lost due to transmission errors is significantly reduéed
when the method according to the invention is employed. Compared wifh

conventional methods that seek to provide increased error resilience by




. does not resu

. such as UDP

backward prediction using frames encoded in B-frane format isgugediR 2pnghe
present invention provides substantially inproved error resilience o
conpared with conventional video encoding nmethods, in which franes
associated with periodic INTRA requests, |INTRA frane update requests, or
- scene cuts are thensel ves encoded in IN§BA format. Specifically, the 30
percentage of franmes lost due to transm ssion errors is significantly
reduced when,the nmethod according to the invention is enployed. Conpared
with convelid4sing Prediciar Rﬂﬂét‘efﬁbﬁv the praseinténventionasess aot eesutieli ki ence

by 2 3 MAR gighfiahP il Gdssd ﬂ?biBFeﬁei ction path lengths, the present invention
It Tna sighificant' increase in bit-rate. The inventi-on can

be inplenmented, for exanple, in a nmultinmedia retrieval 5 system where

video is strl.ﬁamad 0{) t(s)lgaof an unreliabl e packet-based transport protocol
Pt MyaYuan <& eei inlementast fon exeanplei ie a widtotdice pitdayal

appl i catg on. ' ' Is Lcul arly suited to ile applications
where at | eg%?tgggrwﬁ%@m@cémﬁa%%#oﬂi ‘#Pani%“fmfﬁg%syPackﬁr@mS@d
channel . Betranspott gafiotoerd rsuchi aattiDRs H k(s al et E?n]ﬁé@ielﬁitéd n

conpar at i ve%' hitqqh bit error rate and have a restricted bandw é'tgﬁl,-ﬁ?"hee
i ncreased el PEPIFIERIPHY ARPIBAIRNSH othayinyendionnie parisulaty esiiedi @l mobile
advant ageougpnReHtiongU | ' oduce a significant increase
D torat SPPABonS WALy efdedst £SREST 366 (ol ahiETed drtadarEsa oy e

net wor k, t h&adigpehannek oBreause asitd ¢dIMmURRASIBNSS MK PEALO%E! ekiSibiRO
signifi%}nt {”%‘r 119) rretgt ﬁ;t,\b(%n of the invention. The network may 1 ncl ude
both fixed-F @a(%g‘% [gn81t| erar aishiand thaves emresirictad drendvddthorite (P!
MN), in whilHereasddeasdrdpar e ni,catiyons.link. is forned by a
radi o channel . Data tr%nsmﬁeggmifggélgi r?.r&?ﬁgHZ nett rlln‘f%&mﬁe @nt??ﬁé@%g”y :
packet - base@dvaniggeeny, phrticulartysas ftctess not intEYdudens| digGinbathineid 428 in -

swi t ched angitga&ket switched data transm ssion. For exanple, the network

may include sone el enents (e.g. a core network)

15 It is further emphasised that the exact nature of the network, the type of
connection and the fransmission protacol is not significant for implementation
of the invention. The network may include both fixed-line (PSTN) as well as .
mobile telecommunications networks (PLMN), in which at least part of the
communications link is formed by a radio channel. Daia transmission in. the |

20 network may be entirely packet-based, entirely circuit switched, or may
include both circuit switched and packet switched data transmission. For
example, the network may include some elements (e.g9. a core network)
employing packet-based data transmission coupled to other network elements
in which circuit switched data tranémission is used. An example of this kind of

256  system is the curmently proposed UMTS 3™ generation mobile telephony

network, in which at least part of the network may rely on circuit switched
transmission.

The exact nature of the transmission errors affecting the data stream is also

30 irrelevant to the application of the present invention. Furthermore, the
encoding, decoding and playback methods according to the invention can be

applied to pre-stored on-demand video as well as live (real-time) video




enpl oyi ng packet - based data transmi ssion coupled to other netwgrk MARaM S
in which circuit switched data transm ssion is used. An exanpl e of thls
kind of 25 systemis the currently proposed UMIS 3 ' d generation nobile
tel ephony network, in which at |east part of the network may rely on
-circuit switched transm ssion. The exaéb nature of the transm ssion errors

affecting the data streamis also 30 ifFelevant to the application of the
present invention. Furthernore, the encoding, decodi ng and pl ayback nethods

accordi ng tcombeadgitnent ispp t: n vi,deo as
well as live (?eal -ti rre)s‘hv:"gjgglsgeoe %ﬁ%@%&écﬁﬁﬁﬁ%r@éﬁgﬁ m%?@%gﬁﬁg al so
be enphasi s@@‘@ﬂ]dﬂdﬁmﬁnqieﬂib’ntqrom rragfnjhacmtmadwﬁhl prier andependedkbytion, i n
conj uncti on %%’% bﬁr art_er.ror corgﬁoq;SO conceal ment and resilience
met hods i ncf EORVEM | r@ﬁgﬁ”‘ﬁ%trﬁ‘g includlipet epmvegtigpatiireginedspaths in
vi deo sequesikeenifyC 0 ty F}Q@ e. of the
Dr awi ngs_ The i nventglﬂgrr?@%fbh ?\%\?vgﬁg gg?%%@ b\é sugﬁoefg exarrpf'iéﬂgw&?gw th
referende 2BOY® the acconpanyi ng draw ngs, in Whl ch Figure 1 illustrates
a nmultimedia content creation and retrieval system according to prior art;
Figure 2 shows the operations perfornmed by a typical nultinedia clip
editor; 15 BiigfDesgrisieaynef thee il & and outputs of a typical nultinedia
server; Figure 4 ilTustrates € operations perforned by a typical

client.. terminal during retrieval of a nmulti msdi a cI ip; Figure 5

|IIustrates den bet wee Pand B franes in a
conpr essed VF‘ES‘S%S@gdu@Wé'PH"%%F%%‘? 93/0‘0@3’&2 Rl Ol Y ERfgraneee
enpl oyi 1y | tEER aq:cfmﬁpamnlg deswifibgUhSyhiclghows insertion of an I NTRA frane
into a sequEnce of video

igure 1 Hlustrates a muliimedia content creation and retrieval system
according to prior art;

Figure 2 shows the operations performed by a typical multimedia clip .
editor;

15 - Figure 3 _ shows the inputs and outputs of a typical multimedia server;
Figure 4 illustrates the operations performedrby a typical client.terminal
during retrieval of a multimedia clip; |
Figure 5 illustrates the prediction dependencies between |, P and B
frames in a compressed video sequence; :

20 Figure 6 shows an example video sequence employing INTER frame
~coding;
Figure 7 shows insertion of an INTRA frame into a sequence of video
frames immediately after a scene cut;
Figure 8 illustrates an example of a video sequence produced by a video

25  encoding method according to the invention:

Figure 9 is a flow chart illustrating the operation of a video encoder
according to the prior art;
Figure 10

is a flow chart illustrating a video encoding method according to
a preferred embodiment of the invention;

30 Figure1i is a flow chart llustrating the handling of INTRA frames

according to the method of the invention;




frames i medi ately after a scene cut; Figure 8 illustrates an ZgalMpRe? a
vi deo sequence produced by a video 25 encoding nethod according to the

- invention; Figure 9 is a flowchart illustrating the operation of a video
encoder according to the prior art; Figure 10 is a flow chart illustrating
a video encodi ng nethod according to 21preferred enbodi nent of the

I nvention; 30 Figure 11 is a flow chart’illustrating the handling of. | NTRA
frames according to the nmethod of the invention; 2 3 MAR 2005 21 Figure 12
is a flow Bhaird 12! | URE A ERY a a oW egading

met hod accotryél:rn_g to a preferrcggﬂeﬁir)%g‘iaﬂg%t{hgfbt e %?/Ier?r%%ﬁ?f %i glgrgg 13 is
a fl ow chafieceding sethof sgeofsingia aprefertddeembodtioterdof thelinwgntion; t he

i nvention ' Vi deo avbhack: .5 Fiqure 14.ill rates the procedural
steps of agtgdéég3enc%d?ﬁ@%ﬁﬂ%d”u%@é&gd?gﬁda?w é‘ﬁé?t@‘?ﬁ&f’i%oé gdPnent of
t he i nvent tHninvantibn qhﬁﬁgbm@@qﬂa@g&k;used; Figure 15 presents a multinedi a
content_creation and retrieval system incorporating a video encoder ‘
i npl emént effig¥edddi nifiustratase thenprncedural stepsl ®f Fagideo 1hdosting rheibloddi agr am

of a gener| 4 ' L.a termpal ipcluding.a video codec conprising
o vraoe on BEadtetR 1 uh bl Ge B eny ob ity atich ke e mas e
encodi ng apgedecodi ng net hods according to the invention. 15 Detailed

Description_of the Invention In order to gain a better understanding of the
i nventi on &IEHEHS adpieaaiie s imultiprasia cesnient prasfiionr edderdtiteiatesystam: a

exanpl o and BPOEIAGS AiSREnLPd! Sripmeptdttgtardhatothe fistip: ety 7
conpr eb3 ed Figuteol & eqienc eledk agqdm Nofd aCoaNSR 11921 IReHia \WiiniRafi gure

8 iIIustrat,]%i é\ conpressed vi deo sequence, constructed according to the
met hod of tMAUHIRGeRtVi¢RD coden costprisitg R vigepesiendartand anvideo decoder,

adapted to implement the video encoding and decoding methods according to
the invention.

- 15 Detailed Description of the Invention

In order to gain a better understanding of the invention and the advantages it . . .
provides, a preferred embodiment of a video encoding method according to
the invention will be described by example and by comparing Figures 7 and 8.
20 Figure 7 iliustrates a compressed video sequence arranged in a conventional
' manner, while Figure 8 illustrates a compressed video sequence, constructed
according to the method of the invention. Both sequences represent the same
~ image content and comprise a few consecutive frames of video forming part
of a longer sequence, As before, frames coded in INTRA format are labelled
25  generically using the reference number 50, and INTER frames are referred to
by the number 54. The forward prediction process by which INTER frames are
constructed is labelled 53, according to the previously used convention. At the
beginning of hoth sequences there is a scene cut 70. While the following
description concentrates on application of the method according to the
30 invention in connection with a scene cut in a video sequence, it should bé‘

appreciated that the invention may be applied equally well in any situation




i mage content and conprise a few consecutive frames of video f@riM4R R90%
of a longer sequence. As before, franmes coded in INTRA format are | abell ed
- 25 generically using the reference nunber 50, and INTER franes are referred-
to by the nunber 54. The forward prediction process by which I NTER framnes
~are constructed is |abelled 53, accordi to the previously used
convention. At the beginning of both se%ences there is a scene cut:- 70.
While the followi ng description concentrates on application of the nethod
accor di ng t avhitle V@:ﬂzlai coaventonally leadne thé @Rchlling & S FRRA%k ﬁ'PlNTﬁA‘%Yﬁ\%FO
sequence, |t. éﬁ 8 bbe Qlt:lﬁ_ﬁrecr ated that the invention may be applie
equal Iy wel MFHARGy 0L} p bed 1 spenercuWiBUNg R freemm I'QﬂmlStsymeaal rémotdie

encodi ng of térrﬁr'fnﬁﬂ%r rrbeEFfﬁl d but not limted to, scene
cuts, INTRA frane rerlrjé Jf)%g%merm‘%}%%@%aﬂ or periodic I NTRA frane
refresh operations. 5 The series of frames shown in Fi gure 7 represents a

conventi pnal hencodi ng schene in which an INTRA frame 50 is |nserted |nto
the sequince N4 RAERH Bf BRjnes shown '3 ddgureciitrepmsentea conventienalutn
the subsequepheni e‘ng@?}; b |ff nt fromthat
precedi ng the (‘?utevrqa orege‘rl "\ﬁtﬁgs?}@ 56 %pglﬁ? Igfo i 05 SEHHRRge ¢ o

code the frammediately aftet 5 smbnercuttd. Mhspengcsnd c@ﬁo%ré%uﬁ%@ent
forward predr cted from.the revr us frame., Thus, according tot

convent i onal'MBFESAN Pg‘wéﬁ /e anﬁﬁl sifterent om that praceylingsthiemidr Therefore,

i mredi at el y jaf t; re then  for .
. predicted (IIlﬁﬂsthgRﬂr(l:c%i)rgg1 B%em%tr’ﬁrglp %ﬁﬁ%ﬂlﬁ? ﬁié tﬁgeﬁ?l%g 151 ?W@t%é rg‘&%ne
" cut, peﬂDodrS@enﬂTﬂA a@@neh“ﬂTEBrframﬁRﬁoMamEpm&ﬂé@ s uBst plelus f%ém%ccurs

As expl ai ned!. r | 8 i h§ f hod accordjng tg the invention is based on
del ayi ng i nsefty GHegiding 9 Ccqrvgntiongkencodiag iseheme, FINTRA Bamacsor di ng

to the invem)i lQﬂnséﬂbd hiRedldteiPatter 1AB!sdaMBehlBubBbGd Gy 8s 2 SR 20

i medi ately, but instead a occurring | ater eis
chosen to béoé%"@HB@deied NINRRE Rovaretd) fTtwat thiat ANTFFHAS frdamouat! 83). Me iy gur e

8. As b the f t 70 and 11
(i abel | ot PPRG B4 Oé?@%ﬁr@@ AP RHE G N AT APERP SR arbedyast 1 @0 s

15. occurs

As explained earlier, the method- according to the invention is based on
delaying insertion of an INTRA frame, as illustrated in Figure 8. According to
the invention, an INTRA frame is not inserted into the video stream

20 immediately, but instead a frame. cccurring later in the video sequence is
chosen to be encpded in INTRA format. That frame is denoted as i1 in Figure
8. As can be seen from Figure 8, the frames between scene cut 70 and 1
(Iarbelled P2 and P3 in Figure 8) are predicied as INTER frames in reverse
order from I1, as indicated by arrows 80. Consequently, they cannot be

25 decoded before 11 is decoded, as 11 needs to be reconstructed before
decoding of the preceding image content can be undertaken. This means that
the initial buffering delay required during playback of the video sequence in
accordance with the method of the invention should be typically greater than
the time between the scene cut and the following INTRA frame.

30
The main benefit of a method according to the invention can be demonstrated.

by considering how many frames must be successfully transmitted in order to -




order from 11, as indicated by arrows 80. Consequently, they carfh®AR@y®S
decoded before 11 is decoded, as 11 needs to be reconstructed before
decodi ng of the preceding image content can be undertaken. This means that
the initial buffering delay required during playback of the video sequence
in accordance with the nethod of the invention should be typically greater
than the tine between the scene cut and3the follow ng INTRA franme. 30 The
mai n benefit of a nethod according to the invention can be denonstrated by
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~requires that. 11, P2, P3, P4 and P5 are transmtted_and decoded correctly.
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accordi n§ t dn tie deowded ipivturesooment thit witldeogiopggafedPhroumdty tiee gatuerscd hat
11, P4 and P5 are transmtted and decoded correctl I n ot her words

[ C { by
usi ng the néh&d a8 dEBeMRO 8 R MR aggordingeto ;s%’wnmtm FRIoseRsU he
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early in the s ence, for exanple, in frane P2, |1 .only cause errors in
the decoded BIPALUPR R el H1° | HRAGS PECSHENES 1S5 oTReiVENAEPQiResy: R

met hod cor kN | b bl C I ' | e
Functi on Cof Groeghenty ane HRAIGRD et JARME oPs RAC be Bometlhy Miedidad o

i nvent i on wiihtrdasadonipatiesihor d, cibet tespediviprbpadedionperf atiromns ofvithia. the

conventional video _encoder ose, operati.onal structure 90 is,pr.esented in
Fgure o oPAHHeRRE ot DTGBt B NG SEoHA b BE BT RIE R TIPS | 5
first handedpgowflihly cause errors in the decoded picture content of frame P2 and P3.

- 15 The video encoding method according to the invention will now be described -
in detail. The function of a video encoder implemented according to the .
method of the invention will be compared and contrasted with the operation of

a conventional video encoder, whose operational structure 299 is presented in
Figure 9.

20
in the pridr art video encoder 90, an uncoded raw picture is first handed to the
encoder from a video source, such as a video camera coupled to a frame “
grabber, or a storage device, such as a computer hard drive where raw video
frames are stored. Alte_rnatively, the encoder may request a new frame to
25 compress, by issuing a control command to the video source or storage
device. This process of acquiting a new video frame for compression is

llustrated in step 91 of Figure 9. The rate at which uncoded frames are
delivered to the encoder may be fixed or may vary.

30 Typically, the bit-rate of a video sequence may be reduced by skipping frames
i.e. by omitting them from the video sequence. The decision as to whether a

" patticular frame should be coded or not is made by the bit-rate control




encoder froma video source, such as a video canera coupled to &fffH#EZME
grabber, or a storage device, such as a conputer hard drive where raw video
frames are stored. Alternatively, the encoder may request a new frame to 25
conpress, by issuing a control command to the video source or storage

- device. This process of acquiring a new,vi deo frame for conpression is
illustrated in step 91 of Figure 9. Thezgate at whi ch uncoded franes are
delivered to the encoder nay be fixed or may vary. 30 Typically, the

bit-rate of algorithtmoofstuoiticd BRYods. Ml GRsCAYS %kf@b%t&ﬂﬁ?%heg 98- indY
omtting themfromthe video sequence. The decision as to ether "a
particul ar FIGHKE SHbdhe hilrate remtiol logic detenmines pyat hagivén freateictnteol 2 3
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in which_to  encode the frane. This deci Sion making process present ed
by step 94. I case Hataperiedist NI A refoesichasibren refiuestadhan INSBA frameest ed,

| NTRA f . i ved f te terminal,
N T e T
i 11 ustrat ed doguseéd,ptRs frarkk Her vbdi it NRTHAMmh&, ‘ﬂﬁlsirﬁtéd\%ﬁr%at%bﬁggh

format, ste EG. For ease of understanding, this description
somewhat si ﬁ%‘ PHYiae thiedirame socederhin NYTOR amerformatestey 96 Roreease of -

bi - di ti .ct [ id h . Ho , thi
ol | 1 cat tAselERLC AR fedciBSn' faf Dheot SGnABRE! AlaHied Hevdpticat  on
of an efiBoddrandboprdiathet drahe tpséo i eabi-dirEorgyNHEtREH B Ranoredys &

el ements of a video encoding nmethod 15 according to the invention are

i | | ust r at ed SCRSERIRH hefe. Hawauas: thisfsimpéfieationmist hotl Significarieinf wrms of
functions eqiuadieRd; ' ' e e escr.i bed above are
denoted by the sagnlgalpgﬁ 2‘%@E’ggétﬁlﬁ{n%gérieég&ﬁ%ea&%%ﬁ&pé t%%ﬁ%@ﬂ?‘i with Figure
9. 20 At first, an uncoded raw video franme is handed to the encoder, or the

encoder max._.reguest .a nev_\i_lfrarre to conpress. This is represented by step
91 in Or comparison, ihe procedural elemenis of a video enceding method -

15  according to the inven_tion are illustrated in Figure 10. Elements of the new
method that ‘perform functions equivalent to the prior art video encoder

described above are denoted by the same reference numbers as used in .
connection with Figure 9.

20  Atfirst, an uncoded raw video ffame is handed to the encoder, or the encoder
may request a new frame to compress. This is represented by step ©1 in
Figure 10. The encoder next determines (step 94) whether the image content
should be coded in INTRA format, e.g. as a result of a scene cut, expiration of ..
a periodic INTRA frame refresh interval, of receipt of an INTRA frame update

25 request from a remote terminal. According to the invention, if the encoder
determines that an INTRA frame is required for any reason, it makes a record
that such an INTRA frame is needed, as shown in Figure 10, step 101. Such
a record indicating the need for an INTRA frame, may be made, for example,
by setting a flag for the frame and storing the flag in a frame buffer. The way

30 in which a request for an INTRA frame is indicated is described in further
detail below, aithough it should be appreciated that the exact way in which an




INTRA frane is Ihn

Figure 10. The encoder next determ nes (step 94) whether the in@gj!ei"@(ﬂnﬂm
shoul d be coded in INTRA format, e.g. as a result of a scene cut,
expiration of a periodic INTRA frame refresh interval, or receipt of an

| NTRA frame update 25 request froma renote termnal. According to the

- invention, if the encoder determnes that an INTRA franme is required for
any reason, it nmakes a record that such an INTRA frane is needed, as shown
in Figure 10, step 101. Such a record indicating the need for an | NTRA

frame, may TRAdeequest iindigated isnot sigrtificant fof bpglidationt bty Rivenass.
storing the hhq:garhgég ‘_é%_?ggﬁbuf C(%BleThe way 30 in which a request for an

din further detail below although it
shoul d be appreciated that the exact way in which an 2 3 MAR 2005 25 | NTRA
request is | nd| cated is not significant for application of the invention.
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so-called 'neta data is associated w frane'o
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buffer is fill.ed Ql& E?tll it contains a nunb ames correéspondi ng
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full f | dest’, f
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operati &8 i éncoming frame is stored in the buffer.

Initially, before encoding has commenced, the buffer is empty. When
encoding statts, the buffer is filled (102) until it contains a number of frames
corresponding to time period T. The buffer is monitored to determine when i
20  becomes full (step 103). When the buffer is full, the “oldest’ frame is removed
from the buffer i.e. that which was first loaded into the buffer. This operation is
represented by step 104 in Figure 10. The encoder determines if the frame in
question is associated with an INTRA frame request (step 105) e.g. by
examining the frame’s corresponding meta data and determining whether an
25 INTRA request flag is set. If the frame is not associated with an INTRA
request, the bit-rate control algorithm of the encoder decides whether the
frame should be skipped (step 92) or whether to code the frame as an INTER
frame (step 107). If a frame is skipped and it contains an indication that a-
frame other than the previous frame should be used as a reference for motion
30 compensation, that indication is copied to the meta data describing the next
frame in the buffer. if a decision is made not to skip the frame, it is coded in
INTER format (step 107), using either the previous frame in the sequence as




represented by step 104 in Figure 10. The encoder determ nes ?% t AR T 2Rbe
In question is associated with an I NTRA frame request (step ) e.g. by
exam ning the frame's correspondi ng neta data and det erm ni ng whet her an 25
| NTRA request flag is set. If the frane is not associated with an | NTRA
_request, the bit-rate control algorithmof the encoder deci des whether the
frame shoul d be skipped (step 92) or wh28her to code the franme as an | NTER
frame (step 107). If a frame is skipped and it contains an indication that
a frane other.than the,previ.ou shoul d be used . as reference for
Toti on 30 CONBENEIES R ¢ A R m%ﬂ%ﬁpwe{lé’aﬁmr NPy the
describing fheengatd. frane in the buffer. If a decision is nade not to skip
the frame, it is coded in |INTER format (step 107), using either the
previous frame in the sequence as 2 3 MAR 2005 26 a reference, or that
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reference nu '108, is executed e 11 presents the “procedu
el ements of reiemcgo&umbezreﬂam is Texearthed e FigurBTRA presenis dheeproaecovals at
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illustrated by step 110 in ure 11. The tinme o currence 12

next | NTRA H‘@qﬁame byfferist l@fzaﬁedbe rfexb INT RS faameciequest imetthe dMTRA fmme t he
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whose tine of occurrence is Tl, a frane is selected fromthe buffer whose
time of occGPiesAERedfron ifsmsspdaterimetar datas Naxsr e antval frarog dalbet eodezl - T3.

IS e YPIRTEA SRR BBl BRIGSEN in B0 R R, R i,
shoul d be notqubdtbdtiNTRIOfrdineg is @pphsxiinavshineaal. In other words, if the current
15  INTRA request is associated with a frame whose time of occurrence is T1,'a
| frame is selected from the buffer whose time of occurrence T3, such that. T3 —
T1 is approximately equal fo T2 — T3. This newly located frame is selected for
coding in INTRA format. The process just described is denoted by reference
number 112 in Figure 11. It should be noted that according to the invention, -.
20 the frame that is actually coded in INTRA format (hereinafter referred to as .
the 'actual' INTRA frame) is not that associated with the initial INTRA coding
request, bul generally some other frame that occurs later in the video
sequence. If the buffer does not contain another frame associated with an
INTRA frame request, the actual frame to be coded in INTRA format is
25 selected so that the time difference between its time of occurrence T3 and the
INTRA request at time T1 is approximately equal to the time difference
between T3 and the last frame of the buifer.

Next, at step 114, the actual frame to be coded in INTRA format is removed
30 from the buffer and the order of the frames preceding the actual INTRA frame
is reversed. The frame immediately preceding the actual INTRA frame and
that imlmediately after are marked so that they contain an indication that the




20 the franme that is actually coded in I NTRA format (herei naft e 3 fklk r2885
to as the "actual' INTRA frane) is not that associated with the initial
I'NTRA coding request, but generally sone other frame that occurs later in
the video. sequence. If the buffer does not contain another frane
associated wwth an |INTRA frame request, the actual frame to be coded in

- INTRA format is 25 selected so that thes%inme difference between its tine of
occurrence T3 and the |INTRA request at time Tl is approximately equal” to
the tinme difference between T3 and the last frane of the buffer. Next, at
step 114, t#duatiNBERAfframe sheulskbe aded dsna réfERMdoioratotion ¢ @htiop) from

the buffer r. of, the franes preceding the actual |INTRA frame is
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actual | NTRABMeEnRCCUsFng eaftarolt @re ferendsd dncther fongaaf tirectidn. dt ehenkioged i n
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frane. In o i f ! derstanding of, th NTRA frame, handl i ng
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Here it is wssacteftatdeat the vi deo encoder of a video capture and retri_eval

system has been designed to inplenent the nethod according to the
invention. The encoder includes a buffer capable of storing five seconds

(plus one frpgRler®% gain a fuller understanding of the INTRA frame handling procedure -
16 described above, it is advantageous to consider an example., Here it is
assumed that the video encoder of a video capture and retrieval system has
been designed to implement the method according to the invention. The -
encoder includes a buffer capable of storing five seconds (plus one frame) of
video data in uncompressed format. The encoder is supplied with
20  uncompressed (i.e. raw) video fraimes by a video frame source, at a constant .
rate of 25 frames per second and thus the time difference between
consecutive frames is consistently 40 milliseconds. At an arbitrary time instant
within the sequence, the contents of the buffer are as shown in Table 1




video data in unconpressed format. The encoder is supplied with 20 3 MAR 2005
unconpressed (i.e. raw) video frames by a video frame source, at a constant
rate of 25 frames per second and thus the tine difference between
consecutive framnes is consistently 40 mlliseconds. At an arbitrary tine
instant w thin the sequence, the contents of the buffer are as shown in
Table 1: 2 3 MAR 2005 28 Pl ayback/t +0t +d®t +80. . . T+4960t +5000 Capt ure- Ti me
Conpr essi onNot Not Not . . . Not Not

Or der Avai | 3pLaRYR T alff Egvar frahh eAvaiaheAvar-tabte—h atig 3
requestreqﬁgs Tlgbl e {lpdlgxarrélsggbof c}nfggnts " Vi deo rTcogﬁer Eﬁ?g%dr | h Tabl e
1, the playb@RREIUPEUre tine of a given rawlvideo frlame is ijndicated| 5 in
m | | i secondSompieBsisreT|RBENCE|NGD T1 NE gt AS daSCI T hed [REPVE, adataiis
used to std ddi ti gral., i nt.or. i o, a t tlhe unconpressed Vi deo franes,

i ncl udi ng t{ﬁ)gdegormreséY%ﬁbl%PH@'Egl%un‘j‘ﬁvﬁﬁ ) |whi ch ijg‘&@ bet ol AVAlEPat ¢ t he
order in whiMetadatae fr|ll¥iEW afe to befconpresged and d':corrpreswmAlo n the

parti cul ar {vi deo sequmg%tc pnsi dered in thig exanple, there ?'écﬁre jno |scene
cuts, but rlather a periodiclINIRA refresh isl requestied every Seconds.

Associ ated | NTRA franme request indications are present in the nmeta data
provi ded w th h unconpressed, vi deo frane,  LAS n be seen from Tabl e 1,
for the purtgegesa%of this eggﬁ!ﬁpke,o gontentaQi fidgoy dﬁﬁgiuﬁﬁfi al | NTRA
request 15 occurs at tinme t. As INTRA requests are nade every 5 seconds,

t he next such_ request will occur at t+5000ns. The nmeta data provided with
the unconpliedabig Vi theoplaybankécantats et diea giendaw videddramaiinéndibatad NTRA

request s- ar Usi,ng the nethod accoydi t, he i nvention, the

encoder s‘:’doe@ %ﬁggﬁéﬁﬁ W‘tﬁﬁs}ker@ﬂa?nt@ ﬁ'@et ﬁe’% ﬁ%%’@@g?ﬁs razjé)["?y MEigodatk 5 with

I NTRA requeabéd tbutore additional information about the uncompressed video frames,
including the compression order number {CO) which is used to indicate the

order in which the frames are to be compressed and decompressed.

+t adat ol-DMNEFDRDAL NTD

10 In the particular video sequence considered in this example, there are.nb
scene cuts, but rather a periodic INTRA refresh is requested every 5 seconds.
Associated INTRA frame request indications are present in the meta data
provided with each uncompressed video frame. As can be seen from Table 1,
for the purposes of this example, it is assumed that an initial INTRA request

15 occurs at time 1. As INTRA requests are made every 5 seconds, the next such
request will occur at t+5000ms. The meta data provided with the

‘uncompressed video frames enables the encoder to determine when INTRA
requests are made.

20  Using the method according to the invention, the encoder does not apply
INTRA coding to the frames directly associated with INTRA requests, but
selects a frame to be coded in INTRA format approximately half way in time
between the current INTRA request and the following INTRA request, It
should be appreciated that it is not necessarily possible to select a frame

25 exactly equidistant between consecutive INTRA requests, as this depends on

the time interval between successive INTRA requests and the frame rate of




selects a frame to be coded in INTRA format approxi mately hal 8 WA 2085ti me

between the current | NTRA request and the followi ng | NTRA request. It

shoul d be appreciated that it is not necessarily possible to select a franme

25 exactly equidi stant between consecutive | NTRA requests, as this depends
on the tine interval between successive |INTRA requests and the frane rate

“of 2 3 MAR 2005 29 the video sequence. 4%h the exanpl e given here, where the

frames are separated by 40nms and | NTRA requests occur at regular 5000ns
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at t+2480 or that which occurs at t+2520ns to be the actual | NTRA frane
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is stored in the neta dat%jasso iated with each frane, as shown in Table

2. 20 Playb¥® ?QQR"QH@LKB e ipplementation gt iy methed.sbabin: fus casepituise Ti me
Conpr esgy OnEBsiRsEmat 1 hﬁ@%@é@@cumﬂ%%%%g%@ﬂggélrpgsq'ﬁ?éactum INTRA

Met adat aAct ual Ref er-|
frame.

Advantageously, the encoder next assigns compression order (CO) numbers

to the uncompressed frames in the buffer. All frames in the buffer are labelied
15 with compression order numbers that refer to the actual INTRA frame i.e. that

frame previously chosen to be coded in INTRA format. Preferably, this. '&-

compression order information is stored in the meta data associated with each
frame, as shown in Table 2.

Playback/  [t+0 t+40 180 ... 2440 [1+2480 |1+25201... t+4960 |t++5000
Capture
Time
Compression |CO= {CO= |CO= |... CO= |CO= |CO= |... CO= |NA
Order 62 61 60 1 0 63 124 _
Metadata Actual |Refer- INTRA
INTRA lence request
picture
CO=0
20
Table 2 Contents of Example Video Buffer After Allocation of

Compression order Numbers and Reference Picture Selection.




| NTRAencer equest picture CO=0 Table 2 Contents of Exanple Videp BlfARepnss
After Allocation of Conpression order Nunbers and Reference Picture

Sel ection. 2 3 MAR 2005 30 Unconpressed franmes preceding the actual | NTRA
frame in the encoder's buffer are given conpression order nunbers ,
~sequentially such that franes occurring earlier in the buffer receive

| arger conpression order nunbers. The aggual |INTRA frame is given the
conpressi on order nunmber CO=0O. Thus, in 5 the exanpl e considered here, the
frame im*redi@rt'el recedj ng the actual [INTRA frane (i.e. that which occurs
at t+2440ms)" 1< %P%@ﬁegcfﬁ%f%%ﬁ@ﬁe@ﬂ@ethe aciubeiNTBALfraeeirf thereniefiors t hat
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fromthe conp?egéf}%ﬁég%%%ﬁgrtﬁ%ﬁ{ﬁb@y&i% ﬁg}rlggqtﬁqlcg’gprc%qrdﬂgn%%r Qﬁk"- dfience
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 the unc r vi deg f occyrring i nmedi ately "after the act ual
frame i ﬁ%{)h?ﬁégﬁ'@'&&ew ﬂ"% Egﬁ% RAeNdRg iascemnipesssiare otdarprwsbeoof @@es2.ninber

CO=63, the wWillaie apoht<ithb GRShY 1 QIPRessi.on, order nymber

CO=64, the next .ZSbP_ra.me i's %‘%Feﬁr‘?ﬁgwcg‘an%ﬁ'ggﬁ§&?%Z‘b'%lﬁﬁﬁgmg @&nd so

on. effectively indicates that frames preceding the actual INTRA frame should be
predicted in reverse order from the aciual INTRA frame and not forward

predicted from the frame that was associated with the intial INTRA request .
.15 (i.e. that occuning at time 1).

The compression order number of the frame immediately following the actual. -
INTRA frame (i.e. that occurring at 1+2520ms), and the compression order
numbers of subsequent frames, follow in sequence from the compression'
20  order humber of the eariest frame in the sequence preceding the actual.
INTRA frame. Thus, in the example considered hete, the uncompressed |
video frame occurring immediately after the actual INTRA frame in the
encoder’s frame buffer is given the compression order number CO=63, the
frame following that receives the compression order number CO=64, the next
25 frame is given the compression order number CO=85 and so on.
Furthermore, according to the method of the inventioﬁ, the frame immediately
following the actual INTRA frame is labelled in such a way that its reference
picture (the frame from which It is to be predicted) is not the frame with the
previous compression order number, but the actual INTRA frame with‘r
30 compression order number CO;O. Advantageously, this indication is included
in the meta data associated with the frame occurring immediately after the
actual iNTRA frame. In the example presented here, this means that the




Furthernmore, according to the nethod of the invention, the fa&¥MAR 2005

I mediately following the actual INTRA franme is |labelled in such a way
that its reference picture (the frame fromwhich it is to be predicted) is
not the frane with the previous conpression order nunber, but the actual

. INTRA frame with 30 conpression order number CO=O Advant ageously, this
indication is included in the neta datdlassociated with the frane
occurring i medi ately after the actual INTRA frane. In the exanple

P;ner:gln;tegl Sﬁ% ter e acﬁﬁcﬁag%ﬁ%ﬁﬁ%{%ﬁg@?ﬁé &%’Pﬁ gg\ngﬁ%i B %%ioﬂunber

CO=63, is notdammmmnre@oaﬁemstm;freamdm@m eenPaRR Syt cOmBRissiohoRr
- C0=62, but fromthe actual |NTRA frame itself, which has conpression order

nunber CO=0NUEPeRe COs#h% Nt offomethei dsiduiNERA drame ttrelfalwielat haa of
conpr essi onGy ?é SIWr%unHﬁe?éOsﬁom in Tabl e 2. The encoder next

renoves the ac frane fromthe buffer, re-orders 10 the buffer
according to the previ ously aSSI gned conpression order nunbers and codes
t he sel ect eq,é . actu RA frame. It is enphasised that the

requi renent P C%ﬁ?@'iscﬁ “F% V&ﬁ?epl-'ﬁ@r Fter Hepaliqagtionsof eperassian erdarhe

type of buf f,lg ?al'sfskf&ﬁ\ﬁbnﬁ%lﬂsr can search the buffer 15 and access its

contents at ran is a random access buffer), then
frames can be sel ect ed directly for encoding in the order indicated by the
conpr essi on_pr der génbers and no _physical re-ordering is required. If, on

the. ot her |REFINCOLET REX FRIBOYSS tha %Ctéi"alﬁg A fqatmegr%gl'leblaut o, devEderst he

buf f er a [ f t he
frames lgcorﬂcliél %‘%? a’&g%&dlﬁ%?gé% i‘on or%,g%eg%dog%ﬁ ene |c aelqermfﬁlgegct ual
| NTRA f r ame amdycodlesdhe sebatted (irg aatyal sl TRbfranmet hod. The exact chojce of

encodi ng net hod nmay depend, for exanple, on the <characteristics of the
conmmruni cation channel that will be used for subsequent 25 transm ssion of

the conpressed athpRasidad dhatlihe RGRIkARNE & Shyiid bSor888ng of the buffer is
dependent on the type of buffer used. If the encoder can search the buffer

15 and access its contents at random (i.e. the buffer is a random access buffer),

' then frames can be selected directly for encoding in the order indicated by the
compression order numbers and no physical re-ordeting is required. If, on the.

other hand, as assumed in this example, it is easier to access the buffer in a

tirst-in-first-out (FIFO) manner, physical re-ordering of the frames according to
20 compression order number is beneficial.

“The actual INTRA frame may be encoded using any suitable method. The
exact choice of encoding method may depend, for example, on the
characteristics of the communication channel that will be used for subsequent

25 transmission of the compressed video data. The available bit-rate is one
possible critetion that could dictafe the choice of encoding method. For-

- example, in a fixed line video retrieval or videotelephony system, it might be
appropriate to encode the selected (actual) INTRA frame according to ITU-T
recommendation H.261, which is designed specifically to provide optimum

30 performance in communications systems with an available bit-rate of p X
B4kbits/s. Alternatively, if the video data is to be included in a multimedia bit-
stream, encoding according to the MPEG4 standard might be mof_e




possible criterion that could dictate the choice of encoding

exanple, in a fixed line video retrieval or videotel ephony system |g m ght

be appropriate to encode the selected (actual) INTRA franme according to

| TUT recomrendation H 261, which is designed specifically to provide

optimum 30 performance in connunicatioggzsystens with an available bit-rate

of p x 64kbits/s. Alternatively, if t video data is to be included in a

mul ti media bit- stream encoding according to the MPEG4 standard m ght be

mre 2 3 M&Bpﬂmﬂfﬂt&lmn@mmwaﬂeraté @ovrﬂﬁunicaﬁbﬁétar{da Ertﬁ:a(él?fg”é\?@rtl‘% and
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particularly over. ?dlo communi cati ons channel s, nnend I on
H 263 is afBPHBHMcgloRs hAheRaels dé'BUc'BdlfﬁgDmmfmmiloﬁ AfIA83 tise amotheeering

operation ents of the buffer are as shown in
Tabl e 3: Pﬁgéggcﬁ% @gﬁﬁng@%@@?ﬂg% .. t+0t +2520t +2560. . . t +4960t +5000
Capture Tinme Conpressi onCO=C0=C0=Q0= GD CO=CQ0=NA Order 123626364124

thadat Ref%{ RA enaerequest picture CO=0 Table 3 10 Contents of Exanple
Vi deo f SHEAPE feras ere PPamtivRclaseiapdiabgve; theesoritantshef thefbidier aexcept
for the fr@ﬁggﬁﬁ%ﬁﬁ§?ggeg 4g to t+5000) are coded in INTER format, the
sequence i n wh ranes are predicted one from anot her being deternined
by their conpression order nunber and the information concerning reference

BT S o TR e e R A s s
Capture '
Time
Compraession{CO= [C0= 1C0= |... CO= |CO= {CO= .. ICO= |INA
Order 1 2 3 62 63 64 124
Metadata Refer- INTRA
ence request
picture
CO=0
Table 3 ~ Contents of Example Video Buffer Afier Re-Ordering
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The remaining frames in the buffer (except for the frame corresponding to
++5000) are coded in INTER format, the sequence in which frames are
predicted one from another being determined by their compression order
number and the information concerming reference picture selection provided in
156 the associated meta data. Again, the exact details of the INTER coding used
are not significant for application of the meihod according to the invention.
Because the order in which the video frames are encoded is determined by
their assighed compression order numbers, the encoding process now
proceeds as follows. Frames with compression order numbers CO=1 to
20 CO=62 are predicted in sequence, one from the other, starting from the actual
INTRA frame (compression order CO=0). In other words, the frame with
compression order number CO=1 is INTER coded using the actual INTRA
frame as a reference picture, the frame with compression order number CO=2
is predicted from the decoded INTER coded frame whose compression otder




are not significant for application of the nethod according t@gmq 2005

I nvention. Because the order in which the video franmes are encoded IS
-determ ned by their assigned conpression order nunbers, the encoding
process now proceeds as follows. Frames with conpression order nunbers
CO0=1 to 20 CO=62 are predicted in sequence, one fromthe other, starting
fromthe actual |INTRA frane (conpress®®n order CO=0). In other words, the
frame with conpression order nunber C0=1 is | NTER coded usi ng the actual

| NTRA Ead t ' : er
nunber margmeér pr g’g‘f) g{ ?&1' £ or%ﬁ ﬁb 806%3 wﬁgc@ bv\%;ao&i\%
conpr essi oHoweder, JulAfo 2605 fadt rHabeahel %n@@mbrémbcﬁdra?ﬁes Tivese PGiQEASS
appears to be forvvard predictive. However, due to the fact that the

unconpr esseAMPrEEHQAN WEder BHTWETS dbrpysei omlesr HamasufPsrsta ©Q=82 e or der,

ccrual | NSNSt I B BRI R RThE e NI e i en
conpregsi on order nunber CI) 63 is reached. This frame should be coded in
I NTER format, forward predicted fromthe actual |NTRA franme (CO0=0) and

shoul d not THIS Preersa continkes Yithnibeciagse With t RMBASHIon SEdes dnunyg% t he
'Cg‘;ggt ! $Eeﬁpefaad gsa LaTety éga‘ %1%@r4rﬁgtélﬁ4@t€e dakaq ARSREEH §9mibd Rofd

ta | ndl'cat s compressi on order nufrber of" the

reference praditted frombeuseidal iN'I[FhA frdrh@&@@i@(hmd isheuldawbtrigs phedicre CO0=63
is CO=0, the actual | NTRA fra Once the prediction Ol’lﬁ n has, been reset
to frame Obem irame Sidchierin tbsmetheésac&ﬁe@agﬁa thea dnyerign ifisgs Undisaiices sed

video {42 amﬁ?tﬁé‘n{é’tﬁ s EEodiatdd VIR raid COORI RIS idta Ya® IndibAiBE 1 HO03
to her rame

I N sequence, one omthe n ot her vvords =63 is
poded in I Wié&Rohup mations bripr muralmr GQH@e(mf@fenbeqalamtrmad) BeNTRAGS inathe) as
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Once the prediction origin has been reset to frame CO=0, the encoder
~ continues encoding the remaining uncompressed video frames in the buffer
15  (those with compression order numbers CO=63 to CO=124) in sequence, one
 from the other. In other words, frame CO=63 is coded in INTER format using
~ frame CO=0 (i.e. the actual INTRA frame) as its reference picture, frame

CO=64 is predicied from CO=63, frame CQO=65 is predicted from frame
CO=64 and so on.

20
In the preceding description, the video encoding method according to the
invention was described using an example in which the video sequence was
encoded on the basis of principally iwo types of video frame, non-temporally
predicted INTRA frames and temporally predicted INTER frames. However, it

25  should be apparent to one of ordinary skili in the art that the method may also
be extended in such a way as to'include the use of otfier kinds of video frame.
Specifically, B pictures which employ temporal prediction in the forward,
reverse or both forward and reverse directions may also be used in
connection with the present invention. In other words, the actual INTRA frame

30 orany of the INTER format frames predicted in reverse order form the actual
INTRA frame may be used as anchor pictures for the construction of B

pictures. The B pictures may be constructed using forward prediction, reverse




In the precedi ng description, the video encodi ng net hod accor4i i
I nvention was described using an exanple in which the video sgéﬂgﬁggzagg

. encoded on the basis of principally two types of video frane,
non-tenporally predicted INTRA franes and tenporally predicted | NTER
frames. However, it 25 should be apparent to one of ordinary skill in the
art that the method may also be extend®d in such a way as to-include the
use of oilier kinds of video frame. Specifically, B pictures which enpl oy

tenporal predicl:lon | forwar rever r. .bot,h forward_and reverse
di ?gct [ ong p?rg%ﬁg#@bote% E@ﬁ‘@"ﬁ%ﬁ%Hé%ﬁ\"ﬁnsﬁﬁ“ﬁﬂ”%hé B\leggﬁtmlaﬁv%lﬁf)i 18?1. In
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predicted in reverse order formthe act uaP IRITRA frame may be used as
anchor pi ctiedistediropnibecantealiNdRdfragte.B  pictures. The B pictures nmay be

constructed using forward prediction, reverse 2 3 MAR 2005 34 prediction,
or a conbination of the two. Simlarly, B pictures may also be included in

the part ofTHh\@reespenes deutibedi sthbidd FRIVRIUERTahie®S VidsoRllla tBr BEi Cct ed
fromthe actual INTRA frame. 5 The process just descri bed enabl es

i ndih Vi d]thaI greades 'Bfa\ﬁt@fiﬂhtﬁugard ma;smlerewamd@f@r?nmat@th@sgmcted waetalanner
i . RA ._Ho . ile.
encodi g of TR arae, BEEEEE e ariobind T Vited HEe< BiYElg 31 thBise:

nunber f acidddigries cohprensosiordefaaBss fadiﬁta!&ﬁhe%ﬂcﬁ:dihg?@réém%, R magem
when the frames, are decoded. Specifically, the video 10 Tranes nmay not be

encoded i n ¥K@ 156 ioeatPreblea when thedyamek. arendecasiad. Rpecifigaliscihe wideby

| ookin t I / I S [ e . n,the
frames e Tnel RN CIREROI. e XA BuRC R Ryt T b
channel to apptecizded byriobdkihg aotieeplaybhek/dapnae timas stslen in Table 3f ThaesS
according to,their intended playback tine to ensure that they are 1

pl ayed backWhﬁnt te c Hemeas YBqFEREECA TRNG Hubseguenlly | rarsaliss: i@ ian nore
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associ ated with eac rame concerning its desired pla
decoder. Thirames aceusing tedheio intemdddcpligback dinge vibt éngdre that they are

15 played back in the correct sequence.

This process will be described in more detail later in the text, but here it is
noted that information is associated with each frame concerning its desired -
playback time at the decoder. This is transmitted to the decoder along with the

20 picture data itself and the meta data including the compression order number
for each frame. It should be noted that in certain packet switched networks,

data packets may not arrive at the receiver in the same order in which they
“were transmitted. Some transmission protocols, such as RTP (Reliable .
Transmission Protocol), providé an indication of the otdetr in which. data

25 packsts are transmitted, so-called "sequence numbering". This enables data
packets to be assembled into their correct order at thé receiver. In this kind of
system, it is stricﬂy unnecessary to send the compression order number with

the -video data, because the order in which the video frames were encoded

can be implied from the sequence numbering of the received data packets.

30 However, in systems where no sequence numbering is provided by the
transmission protocol, transmission of compression order information is'

necessary. Information about the scheduled playback time of each video




20 picture data itself and the meta data including the conpressi 3 dtiderggs
nunmber for each frame. It should be noted that in certain packet sw tched
~“networks, data packets nay not arrive at the receiver in the sane order in
which they were transmtted. Some transm ssion protocols, such as RTP

. (Reliable. Transm ssion Protocol), provide an indication of the order in
whi ch. data 25 packets are transm’tted,3§o-cal | ed "sequence nunbering".
This enabl es data packets to be assenbled into their correct order at the
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nunbering i ﬁngﬁagifﬁ@egﬁwﬁ%@d vthgs %%P%wnarfe%%tzwm% At ssion of
conpression order information is necessary. Information about the

~ schedul ed pl ayback tine of each video 2 3 MAR 2005 35 frane can easily be
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fol | owi ng arf€ReMManGaen 263, Bdvrwes suphry haskmwerduieryrsl pabkdisestional

conpr es§0n GhhicEb&NGhus, the encoding method according to the invention can be .
implemenied using B-frames backward predi-cted from the following anchor
frame (I1). However, this technique provides worse compression- efficiency -

than the method previously described in the preferred embodiment of the
invention.

20

Referring to Figure 14, the encoding method according to this alternative
embodiment of the invention proceeds in a similar manner to the preferred
embodiment, as far as the point at which the actual INTRA frame has been
selected. Frames preceding the actual INTRA frame in the encoder's buffer
25  are theh coded as B-frames 52, each B frame being backward predicted 51b
directly from the actual INTRA frame, as shown in Figure 14. As backward
prediction of B-frames is already supported by video coding
recommendations, such as ITU-T H.263, in this alternative embodiment it is
not necessary to assign reverse ordered CO numbers to the frames precedihg
30 the actual INTRA frame. It is sufficient to indicate that each of the frames
should be encoded in B-frame format using the actual INTRA frame as the

prediction reference. This information can be included in the meta data




than the method previously described in the preferred enmbodi m@ng ¢4R taes

i nvention. 20 Referring to Figure 14, the encodi ng nethod according to this
alternative enbodinent of the invention proceeds in a simlar manner to
the preferred enbodinent, as far as the point at which the actual | NTRA

- frame has been selected. Franes preceding the actual INTRA frame in the
encoder's buffer 25 are then coded as BSfranes 52, each B frane being
backward predicted 51b directly fromthe actual |INTRA frame, as shown in

Fi gure 14. assbaaledayith cAeie fizehd i3 ' S rted b
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pr ecedi g@ t RE %ﬁﬂﬁmfmmls inghesledlindse netardesa férahbpatnge.t he actual | NTRA

frame in the buffer are then coded in INTER format, one fromthe other. An
i ndication that the actual INTRA frame is to be used as the prediction

ref erence f dnother &itarmmativeneabadigiont f&1 MAH 2] t Hal frane is
i ncluded in the r’rﬁta data for thlat f-r(grr{ehfé no??&gﬁn%?t%r%é'%ﬂvkl\gm%tm%nt of
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does not su ; _pheture ,selection. In this case, the | ayer
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Starting to onende i deastiidto He Bahels rresie i 5, fipsnoans
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starting to encode or decode frame CO=53. In order to enable this altemative
15 _‘e_mi.aodiment of the invention, the compressed video syntax, or
multiplexing/transmission format should carry information identifying the

actual INTRA frame and which of the frames requires it as a reference.

Next, exemplary embodiments of a decoding method and a video pan'back ;
20  method suitable for use in conjunction with the video encoding method
already presented will be described. A decoding method according to the
invention is illustrated in Figure 12. In the decoding process, the decoder -
receives encoded frames from the transmission channel and buffers (120) the
frames. The decoder then decodes the huffered frames 122. In this context,
25  the transmission channel may be any communication channel suitable for the
transmission of compressed video or multimedia data. Transmission may take
place through a fixed fine network such as the Internet, ISDN or PSTN (Public
Switched Telephone Network); alternatively at least part of the network may
comprise a radio fink, such as that provided by a PLMN (Public Land Mobile
30  Network). The generic term 'transmission channel' should also be understood‘
to include the transmission of data that takes place when stored files are




mul ti pl exi ng/ transmi ssion format should carry information idergt i3f fitRg2d0he
actual INTRA frame and which of the franmes requires it as a reference.

Next, exenplary enbodi nents of a decodi ng nethod and a vi deo playback 20
met hod suitable for use in conjunction with the video encodi ng net hod

al ready presented will be described. A decoding nethod according to the
invention is illustrated in Figure 12. |87the decodi ng process, the decoder
recei ves encoded franes fromthe transm ssion channel and buffers (120) the

franes. The . Qﬂfd odes the buffered franmes 122. In this context,
25 the transFrﬁﬁgm Onf@ﬁi%ﬂ%ﬁ? MEAIUR - Golaring CaMRBRet harshdrives fart displayf or

the transm esfwihedfprecurdigsed video or nultinedia data."Transm ssion nmay
"take place through a fixed |line network such as the Internet, |ISDN or PSTN
(Public Switched Tel ephone Network); alternatively at |east part of the
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when stored files are 2 3 MAR 2005 37 retrieved froma s

froma conputé Methed dniwhich it waisspinendedorTHisiig bessibleo peasiisg th&Easdnbyae
of the conpr vy nce,is decoded i an essentially 5 standard
manner, wel | sﬁiﬁ%’rﬁﬁt%qﬁ ﬁgﬁ‘geqﬁpnoqcfﬁsrﬁ‘ﬁ)ﬂeé’ﬁﬁﬁlrﬂy makechangesdedbe dommpttal t he
met hod in whitehINTRAvasiddNOER oddd e | u hod
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After decoding, the unconpressed frames are stored (124) in a playback
buffer. If tgﬁlt%p%tg,offhe buffer used in the encoder is T (see the
earlier destiPhtA%REBIS: (HE Uneyapiagspd dsaes larshstdred (U26Y inra theyliegoder

o, 15, 2SS0 i O, i o S s
ordered i nt odeswsintion of the encoding phase) the buffer used in the decoder should
15 advantageously be able to hold at least 0.5 x T seconds of unicompressed .
video pictures. Next, the decompressed video frames are ordered into their
cofrect playback sequence. The decoder orders the frames using the
~playback time information associated with each frame. As described abovs,
this information may be incorporated into the data structure when storing the
20  video frames in the buffer of the encoder and can be carried within the
compressed video syntax or using the multiplexing/transmission format when
transmitting the compressed video frames to the decoder. In some situations, -
for example when the throughput of the communications channel drops, the
decoder may actually receive a frame after its scheduled playback time. If a
25 frame is received after its scheduled playback time, or if it is received before
its scheduled playback time but cannot be decoded &uickly enough fo ensure
that it will be played back punctually, then such a frame may not be stored in
the decoder's input buffer at all, However, it may be advantageous to storé'
frames that arrive late, or cannot be decoded in time for their scheduled

30 playback, as they can be used, for example, to improve error concealmeni for

ot_her frames.




correct playback sequence. The decoder orders the frames ué dgMaRerns
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S ° captured sequence For example, if a sequence is captured at a rate of 25
frames per second, the playback loop is executed every 40 milliseconds.

Figure 15 presents an exemplary embodiment of a multimedia - content
creation system according to the' invention, Here, the system is shown to
20  include three media sources 10: an audio source 151a, a video source 1515
and a data source, 151b. It will be apparent to a person of ordinary skill in the
art that the number of media sources is not limited to the three examples
presented here. It is also evident that each source may take a number of
different forms, including but not fimited to, sources of ‘live’ i.e. realtime
25 media content and non realtime media sources, such as files of media

content residing on a mass storage medium, e.g. a metworked hard drive or
the like.

The muitimedia content creation system according to the invention includes
30  multimedia capture means, denoted generically by the reference number 20.
In the exemplary embodiment presented here, dedicated capture equipment




15 captured sequence. For exanple, if a sequence is captured g japake;pk 25
frames per second, the playback |oop is executed every 40 nilliseconds.”

*Figure 15 presents an exenplary enbodi nent of a multinedia content

creation systemaccording to the invention, Here, the systemis shown to 20
_include three nedia sources 10: an audio source 15l1a, a video source 151b
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capture nea a set ,.of unconpressed, nmedi a streans, eac stream -
cor r espondi Z{“*’?‘%‘- éﬁ%e%?oqq"ég ﬁ%aﬂ%lggglﬁ gedlia sawces 161aa 18tqat i vely, if one
or nore of ‘the nmedia sources provides its content in a 15 form al ready
suitable for application to the nmultinedia content editor 22, that

- Alternatively, if one or more of the meadia sources provides its content in a

15. form already suitable for application to the multimedia content editor 22, that

-+ media content may be applied di’i‘ectiy to the editor. This may be the case, for
example, when the media source is a file of e.g. audio or video frames
retrieved In digital form from files stored on a mass storage medium.

20 The multimedia content editor 22 receives the separate media streams, "
provided by the multimedia capture means and links them together in a single
time-line. For example, muliimedia streams that should be played back
synchronously, such as audio and video content, are linked by providing
indications of each frame’s desired playback time. Indications regarding the'

25 desired playback time of other multimedia streams may also be provided.
Once linked in this way, each component of the multithedia content is referred
to as a ‘track’. The editor 22 may also provide a possibility to edit the media
tracks in various ways. For example the video frame rate may be reduced to
half or the spatial resolution of video images may be decreased.

30
From the editor 22, the media tracks are received by an encoding unit 24. in
the exemplary embodiment presented here, each track is encoded




medi a content may be applied directly to the editor. This may be the case,
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communications channel used to further transmit the multimedia data to a
15 receiving client. For example, the audio track may be encoded using the GSM
" EFR speech codec. The video encoder 157b is implémented according to the
method presented earfier in this text. It employs motion compensated
“temporal prediction and, as described earlier, operates in such a way as to
reduce the prediction path used within image sequences according to the

20  method of the invention, providing the compressed video track with greater
resilience to errors resuiting from data loss.

The compressed media tracks created by the encoding unit 24 are receivad
by a multiplexer 26. Here they are interleaved so that they form a single bit-
25  stream, referred to as a multimedia ‘clip’. The clip is then handed over to 

muitimedia server 14, form where it may be transmitted further over a
communications link to a receiving client.

Figure 16 presents an alternative situation in which the method according to
30_ the invention can be adopted. The figure illustrates a multimedia terminal 160
implemented acéording to [TU-T recommendation H.324. The terminal can be
regarded as a multimedia transceiver device. It includes elements that




communi cations channel used to further transmt the nultiner@Yﬁﬁ%@wﬁg a 15
receiving client. For exanple, the audio track may be encoded using the GSM
EFR speech codec. The video encoder 157b is inplenented according to the

met hod presented earlier in this text. It enploys notion conpensated
tenporal prediction and, as described earlier, operates in such a way as to
reduce the prediction path used wthin i mage sequences according to the 20
nmet hod of the invention, providing thed4donpressed video track with greater
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: -terminal implementations suited to application of the inventive method. It
15. should also be noted that a number of alternatives exist relating to the location
-and implementation of the terminal equipment. As illustrated in Figu're 16, the

_mu!timedia terminal may be located in communications equipment connected .
to a fixed line telephone network such as an analogue PSTN (Public Switched
Telephone Network). In this case the multimedia terminal is equipned with a.
20 modem 171, compliant with ITU-T recommendations V.8, V.34 and optionally
V.8bis. Alternatively, the multimedia terminal may be connacted to an external
modem. The modem enables conversion of the multiplexed digital data and
control signals produced by the multimedia terminal into an analogue forrh
suitable for transmission over the PSTN. It further enables the multimedié

25 terminal to receive data and control signals in analogue form from the PSTN
and converts them into a digital data stream that can be demulitplexéd and

processed in an appropriate manner by the terminal,

An H.324 multimedia terminal may also be implemented in such a way that it
30 - can be connected directly to a digital fixed line network, such as an ISDN
{Integrated Services Digital Network). In this case the terminal is implemented
according to H.324/1 (Annex D of [TU-T recommendation H.324) and the




termnal inplementations suited to application of the inventiyé Wﬁghg@b It
15 shoul d al so be noted that a nunber of alternatives exist relating to the
| ocation and inplenmentation of the termnal equipnment. As illustrated in
Figure 16, the nultinedia termnal nmay be | ocated in conmunications

equi pnent connected to a fixed |line tel ephone network such as an anal ogue
- PSTN (Public Switched Tel ephone hbtmor?%. In this case the multinedia
terminal is equipped with a 20 nodem 17T% conpliant with ITUT
reconmrendations V.8, V.34 and optionally V.Bbis. Aternatively, the
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use of thege, ntl ficatjons iis not restricted to nobile com"runPcat I ons,
they are 90 Di-error rates ypically experienced in this kind of communication fink.
15 H.324 Annex C also states (paragraph C.3) that in mobile applications, the
modem 171 can be replaced with any appropriate wircless interface, as .
represented by block 173 in Figure 16. Thus, a mobile multimedia terminal-
implemented according to H.324 Annex C (commonly referred to as an
H.324/M terminal) can incorporate a radio part suitable for use in any current
20 or future mobile telecommunication network. For example, an H.324/M
multimedia terminal can include a radio transceiver enabling connection to the
current 2™ generation GSM mobile telephone network, or the proposed 3™

generation UMTS (Universal Mobile Telephone System).

25 However the multimedia terminal is implemented and no matter where it is
located, it is likely to exchange multimedia content with a communications
network that comprises both circuit switched and packet-based
telecommunications  links and  which may include a mobile

) telecommunications network including a radio fink. For example, an H.324/|

30 multimedia terminal connected to an ISDN network may form a connection
with an H.324/M terminal in a PLMN mobile telephone netwark. Multimedia
data transmitted between the terminals through the network will be subject to




particularly suitable for use in nobile applications due to £hd MAR 2005
conparatively high bit-error rates typically experienced in this kind of
comuni cation |ink: 15 H 324 Annex C al so states (paragraph C. 3) that in
‘nmobi |l e applications, the nodem 171 can be replaced with any appropriate
wireless interface, as represented by block 173 in Figure 16. Thus, a
nobile multinedia termnal inplenentedg according to H 324 Annex C
(commonly referred to as an H. 324/Mtermnal) can incorporate a radio part
suitable for, use in any current 20 or future nobile tel econmunication
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encodels JMRI¢EeR nifc B'gediadarminglsiapd pamcwarly im deyicesathaghyaras to
provi de a jidier h Liz8d b® | LA Ll ence to .

transm ssi on errors.S ﬁg %ggévp?rﬂéﬁc%tgﬁher | ?}§§rhogfetg>ge;r¥z%r'. t he method of video
encodi ng according to the present invention provides video sequences

compr esedy Uil SR RGR PSP, B LR U et GESY o Ry on 1 ¢
mul ti medi acémiinta@itonané. PRIt traHsRidslod Mt Wee8BtibMabt afideo data, it is
' 15 necessary to provide both a video encoder and video decoder 'implemented
according to the present invention. Because a video encoder according to an
embodiment of the invention may change the order in which frames. are
compressed, it is necessary for the video decoder of the receiving terminal to -
order the received frames correctly prior to display. Thus, a typical multimedia
20 terminal according to the invention will include an encoder/decoder pair-
implementing the previously described encoding/decoding methods. Such an -
encoder and decoder pair is often implemented as a single combined |
functional unit referred to as a ‘codec’. On the other hand, if the multimedia
terminal is intended for use only as a multimedia retrieval client, it need only
25 include a decoder implemented according to the presergt invention,

A typical H.324 multimedia terminal will now be described in further detail with
reference to Figure 16. The multimedia terminal 160 includes a variety of so-
called 'terminal equipment’. This includes video, audio and telematic devices,
30 denoted generically by reference numbers 161, 162 and 163, respectively. 7-
The video equipment 161 may include, for example, a video camera for

capturing video images, a monitor for displaying received video content and




| i kely to be used over comuni cation channels prone to error 3 MAR ﬁ@hd be
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for transm ssion and reception of video data, it is 15 necessary to prOV|de
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appropriate formfor
recommendation H.263, which is particularly suitable for use in low bit-rate
15  video conferencing applications, where the communications link is a radio

channel with an available bandwidth of e.g. 20kbps.

Similarly, the terminal's audio equipment is coupled to an audio codec,
denoted in Figure 16 by reference number 168. In this example, the audio
20 codec is implemented according to ITU-T recommendaiion G.723.1. Like the
video codec, the audio codec comprises an encoder/decoder palr. It convetits
audio data captured by the terminal’'s audio equipment into a form suitable for
transmission over the communications link and transforms encoded audio

data received from the network back into a form suitable for reproduction e.g.

N
oy

on the terminal's loudspeaker. The output of the audio codec is passed to a
delay block 167. This compensates for the delays introduced by the video
. coding process and thus ensures synchronisation of audio and video content.

The system conirol block 164 of the multimedia terminal controls end-to-
30 network signalling to establish a common mode of operation between a
transmitling and a receiving terminal. H.324 specifies that end-to-end
signalling is to be performed using a control protocol defined in ITU-T




further transm ssion over a communications |ink and decodi ng

sed
vi deo content received fromthe comuni cations network. In thzqgggﬁgﬁﬁﬁ
illustrated in Figure 16, the video codec is inplenmented according to

- ITU-T. recomendation H 263, which is particularly suitable for use in | ow

bit-rate 15 video conferencing applications, where the comuni cations |ink
Is a radio channel wth an avail able gandmﬁdth of e.g. 20kbps. Simiarly,
the term nal's audi o equi pnent is couﬁ ed to an audi o codec, denoted in
Figure 16 by reference number 166. In this exanple, the audio 20 codec is

| pl ement pebgpehehion 119.24EU-The Wﬂ%&ﬁg P%t@c@lz%iehotéd sy FdtBrenciedeo
codec, the audio codec conprises an enco decodér pair. I't converts

audi o dat autweruteR IbyFighEe t16; mxnban@e'eaWDUnamm et that encoding mndui t abl e
for transms ion over.t he ni ca Lons Link and transforns, encoded audi o
data 1 ecolbBAtNBGARARItES: ab e BaR R aadr BeaRlin IEATEHE AR &8 Sfuct f on
e.g. 25 0@5&8&0%@’(&5!@%9%a'n%UQSdbﬁﬂfgerhodgﬁ%f%bﬁﬂ&le@%nﬁ:ﬁ@eﬂ%@s@éﬁp I s
passed to a delay block 167. This conpensates for the delays introduced by

t he vi8eo coetrdl hlgcbrtﬁﬁeabom@tm&maéda@en@wma@tccglfdlmg taalldi-d and

vi deo cont ent The ock 164 of,.t nmul t i nedi nal
control o EREETBENETAR, Hrie oPimetehgeeariad dopi SRS LicaluRihIe T

oper ati on jReHwae rUaaat Er@.ﬁfémtés}id)ﬂi‘gs ambs@dr Wﬁh Véﬁ@ybﬁérﬁn etk t6BA4 anecifies
t hat end-to-end i gnal li Is to erfornmed uSing a control protocol
defi ned |rm1umpjexeddsmm1em@5(l\ml5x/m&ki Wld70on H 245. The H. 245 control

protocol, denoted by reference nunber 168 in Figure 16, exchanges
i nf or mation about t he encodi ng and decoding capabilities of the

transmit t iMI@dafeﬁﬂ@n\éhﬁéblbﬁﬁmm@!ﬁé naitdmead Baminglethd MEXAIMENX beit var i ous
codi ng nodes of the video encoder. The system 5 control block 164 al so

control s thd gembifesianeodart apstswmahraet,s@ddnﬂ@o @d amsilqr sticapynyih digia on
FE2SS: '“ﬂﬂéﬂ?tﬂrém tﬁg FSB%UEh% 1%681%:-\9“@“0“)1‘.'{’“% Myle UsRdibaydat a
D bl' 8¢ o f'he
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transm ssioh i s passed from encr I'on 69

nul ti pl exenfeiemation gbreaeningNal/Hahd Lt dmaténclﬂﬁiorﬂ@f &ny)itobedapplictirtantagi ssi on
fromthe mJ,|tI nmedia termnal, the I\/U DMUX u

bit-stream, provided by encryption block 168, IS used to select an enciyption

15 'mode. Correspondingly, when a muliplexed and possibly encrypted
multimedia bit«stream is being received, MUX/DMUX unit 170 is responsible
for decrypting the bit-stream, dividing it into its constituent multimedia.
components and passing those components to the appropriate codec(s)
and/or terminal equibmen’c for decoding and reproduction. According to the

20 H.324 standard, MUX/DMUX wunit 170 should implement 1TU-T-
recommendation H.223.

it should be noted that the functional elements of the multimedia content
creation system, mullimedia terminal, multimedia retrieval client, video
25 encoder, decoder and video codec according to the invention can be
implemented as software or dedicated hardware, or a combination of the two.
The video encoding and decoding methods according to the invention are
particularly suited for implementation in the form of a computer program
comprising machine-readable instructions for performing the functional steps
30  of the invention. As such, the encoder and decoder according to the invention

may be implemented as software code stored on a storage medium and




170 conbi nes encoded and synchroni sed video and audi o strean%zhﬁVﬁ d8loa

I nput fromthe telematic equi pnent 163, to forma single bit-stream

I nformati on concerning the type of data encryption (if any) to be applied
to the bit-stream provided by encryption block 169, is used to select an
encryption 15 node. Correspondingly, when a nmultiplexed and possibly
encrypted nultinedia bit-streamis bejng received, MJX/ DMJX unit 170 is
responsi ble for decrypting the bi t - st4%am dividing it into its
constituent nultinmedia. conponents and passing those conponents to the
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i mpl ement prividé thakecompated atithoridéb 2R3oding aruot deduelinphedtiomeality.t he
functional elements of the multinedia content creation system nultinedia

termnal, nmultinmedia retrieval client, video 25 encoder, decoder and video
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46 execut agsdditoae nmgruOEn (@luaheaé?omrpenSmwnedmétFopnat)mpiﬁoehramea atrder to
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order to M GRE gﬁ ﬁ@“&ﬁﬁﬁ{t%&@? &/’P I"féamﬁ\féﬁp ¥R OGCHE abetravi our
in 5 b Pask@ind PRévalsl wat haINTHA erﬁ e&dar*i% 808% 468 Jﬁélsut%hmmﬁsul ts

of a sinulation experifent. In this exarrpe I's assuned that a video
encoder , ﬂi@sv@mdse@uerml eﬁmtamdumtenﬁ:ddtmgeagmretbtb aeprasdithgnt INTIRA

oo 17 arebdent A% Lo SRERGE T R O Sed PG IRT R
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due to scene cuts with
coded QCIF format frames coded according o currently used video coding

15  standards such as ITU-T recommendation H.263.

A typical maximum size of a protocol data unit used for data transmission in
the Intemet and .Locai Area Networks (LANs} is approximately 1500 bytes.
Assuming this packet size, a typical INTRA coded frame requires two packets
20 for its transmission. On the other hand, one packet may carry seven INTER
frames. This means that in order to transmit 50 frames, constituting & seconds
of video, a total of 9 packets are required. Assuming that the sequence starts
with an INTRA frame (as is usual}, a typical 5-second sequence of video
'comprises one INTRA frame and 49 INTER coded frames. As described
25 above, the INTRA frame requires two packets for its fransmission, while the
remaining 49 INTER coded frames may be accommodated in 7 packets,
hence ihe tfotal requirement of 9 packets. It should be noted that it is
advantageous to use large packets for data transmission over the Internet.
~ Firstly, within the Intemet backbone, the probability of packet loss is
30 essentially independent of packet size and secondly, the packet header
overhead is reduced if large packets are used,




t he video sequence. The ampunt of data required to represent 'I‘PQ'PBQ
coded frane is assuned to be 2000 bytes and the size of an IN?FE"}? ramgasr S

approxi mately 200 bytes. These figures are typical of INTRA and | NTER

- coded QCIF format franes coded according to currently used video coding 15
standards such as ITU-T recommendation H 263. A typical maxinum size of a

protocol data unit used for data transngission .in the Internet and Local

Area Networks (LANs) is approximtely 00 bytes. Assum ng this packet

size, a typical INTRA coded frame requires two packets 20 for its

transm ssi RPP? ﬁq M‘eee é&ﬁﬁ RedtHod %@o@ﬁr‘?§% HEhVERTIEH, thE EHRoHBI BRes br anes.

Thi s neans n or er t transmt ranes, constituting 5 seconds of
vi deo, a t oulfer efthdbepdukadion iar® seeqnis ed.1 ﬂ:amﬂmgtdrbethetrheomamrentee starts

ith an INJRA fra [ 1), .a typi 5-second ence, o | deo
Comr es TRERRRG Eofartah IVheh oheriEdiay Hrodeeh SERadelE Botenls Shove.
the | NTRA fr; ket [ t
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the tot@l feouoe rierthet seduehcpaiskagsacidted shittulzoh BETRAL md]ueh’atBeaaus the
advant a eost | ar ge pacgkets for data transm ss er the | nternet.
Firstly. wie tﬁ <§’fs @q ﬁvﬁ%ﬁr TS cRiie 181 0sPBNRLF AT Eido RS ok Heagls e 50
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overhead is reduced ge packets are used. 2 MAR 2005 47 Applying the
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first 5 frame in the sequence is associated wth an | NTRA request. Because
the | engt hwhtsa Heepof ﬂecunrenqehlssamoramm@elyswmﬁwweyrbatweeo|the itere I\N'EFHAt he

periodic INIRA refre h.re rate. and, because i.t .i.s
Ceene cots DPe) RANRSRY 1B ks " PTRR: SVoRifo i /NTER MR BERa 1 e
consi der ed, sdibéted! tashe ftiﬁ@fﬁ%t@ﬂ WNERA fraffeg Snd ey pr@vﬁdusﬁedm@ﬁcﬁb@&inw th
the next | NTRA request.
processes is applied to the frames within the ‘buffer. In the simulation
15  considered here, it is further assumed that, having been coded, the now
compressed video frames are transmitted in a packet-based communications
network and that the communications channe! is subject {0 congestion,
resulting in the loss of a certain proportion of the transmitted packets. The
simulated bit-rate is 18880bps, the target bit-rate for audiovisual streaming

20 overthe Internet using a 28.8kbps modem.

The following tables compare the error resilience of the encoding method
according io the invention with that of a conventional encoding scheme; in
7, which all frames associaied with INTRA requests are themselves coded in
25 INTRA format (i.e. as illustrated in Figure 7). Table 4 displays frame-loss
figures for a case in which, on average, one packet in every nine is lost (11%
packet loss), while Table 5 presents equivalent figures for a situation in which

2 packets in every ning are lost (22% packet loss).

Conventional [invented
Method Method




10 Thus, the encoder is able to locate an unconpressed frame iyt MAR {85

buffer whose tine of occurrence is approxinmately m d-way between the two
| NTRA frame requests. This frame is selected for coding in UNIT RA format
~(i.e. it is selected. to be the actual I NTRA franme) and the previously

descri bed coding processes is applied to the franes within the buffer. In
the simulation 15 consi dered here, f further assuned that, having been
coded, the now conpressed video frarre Bre transnitted in a packet - based
comuni cati ons network and that the comuni cati ons channel is subject to
congestion Exﬁ&:”-’t@ﬂtﬂuﬂ%}érr&ﬁ |c9§ﬁa sgertvarn pr riion ol {he
transm tted_packets | at e b|t-rate s 18880bps, the farget

bit-rate f Exmxﬂed\plcium iosmpeammgge 20 |6685 t he- | nti¢®¥et using|a 28. 8kbps
nodem The re-the error resilience of the encoding

method according to the invention with that of a conventional encoding

coded i n 25T IRRER ForFiEY osd FREEh AN Teo artighR et VRS MRy RS e
di spl ays frai-Padet Lbsgures for a case in which, on average, one packet in

every nine is lost (11% packet |loss), while TabI e 5 presents equival ent
figures for a situation in which 2 packets in every nine are |lost (22%

packet | osg)y—Conventtonat—imvented—Mthaodvethgd2-3—h 48 Expected
nunber of ljost pictures3325 Expected pi %‘{’é’ﬁﬁ%@ g’}"@é‘ﬁ ge66%19% Tabl e 4
Frame Loss [Rates of Conventional and | nhgafhode Met hpgishadith 11 % Packet

Loss Conventional .| nvented Met hodMet had! Expect ed..nt er of lost

pi ct ur es433Exprpisst umbeiceiupat piokreper cH® age85% 19435
Expected picture loss percentage 85% 71%

2

Table5 = Frame Loss Rates of Conventional and Inventive Methods with
22% Packet Loss

Both cases presented above show that fewer frames are lost when the °
10  method according to the invention is used.

In the foregoing text, the method according to the invention has been
described with the aid of exemplary embodiments. It should be apparent to a
person of ordinary skill in the art that the invention is not limited to the precise

15  details of the aforementioned exemplary embodiments and that it may be
implemented other forms withoutldeparting from its essential atiributes and

~ characteristics. Therefore, the exemplary embodiments presented above
should be considered illustrative rather than limiting. Accordingly, reference
should be made to the appended patent claims and the general statements of

20 inventive concept presented hersin as an indication of the scope of the
present invention.

Furthermore, each feature disclosed in this specification (which term inclﬁdes
the claims) and/or shown in the drawings may be incorporated in the.invention
25 independently of other disclosed and/or illustrated features. In this regard, the




5 Table 5 Frane Loss Rates of Conventional and |Inventive thHb@sVWﬁtQNEZZ%D
Packet Loss Both cases presented above show that fewer franmes are | ost when
the 10 nethod according to the invention is used. In the foregoing text,
the nethod according to the invention has been described with the aid of
exenpl ary embodi nents. It should be apparent to a person of ordinary skil
inthe art that the invention is not |imted to the precise 15 details of

t he af orenenti oned exenpl ary embodi mefSs and that it may be i npl enmented
other forms without departing fromits essential attributes and
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this specifddtasdedy (Which termincludes the clains) and/or shown in the
drawi ngs may be I ncorporated in the invention 25 independently of other
di scl o8ed and/or illustrated features. In this regard, the 23 MAR 2009 49

i nvention .incl udes .a e e re or anl at. | osed
her el n ef (HiE SBRBIHEMAGF IR anyptrEranitE s BoERE mape FhediElion B8 of

whet her i trafd@hages to the clainmed invention or nitigates any or all of t he
probl ens addressed. 5 The appended abstract as filed herewith is included
in the specification by reference. 2 3 MAR 2005 50 CLAIMS 1. A nethod of
encodi ng a sequence of video franes to forma




conpressed video sequence, the video franes having a tenporal 20y ¢44R 2668 d 5
conpressed vi deo sequence conprising franmes encoded in a non-tenporally-
predi cted video frame format and at | east one tenporally-predicted video
frame format, the nmethod conprising: identifying a first indication
associated with a first video frame that said first video frane should be
encoded in said non-tenporally-predictedyy 10 video frame format and used as
a starting point for prediction of frames in a tenporally-predicted video
frame formatGLAMSfirst video frame occurring at a first position in the
tenporal order; associating said first indication with a second video frane
occurring in a different position in the tenporal order than said first

video frame;1.15 -A emettiddofs @ndoditgord sdgdencé r efmeiiddb Safes to form a
non-tenporal l y-predicted video frane format and using the second video
frame i nst e®@nregsRd Vidaossequeanes. theavidegdrames sexingi & ierppeid ordar, said
predicti@n ' c@@ﬂ L.y 0k ed} | fi . e
defi ni ng%a ﬁorr@éégg?d g@e\éi%% ?é%ﬁ%@?ﬁf‘éﬁ‘%g ‘:T\@Cg)laggdﬁ %;ﬁonig ccrla}lr|¥i ng
20 prior to medidiskwiied wiatden formate and ah&edse e dmpoddly;predicteti niglesai d

first set of video frapes in a tenmpogrally-predicted video frame format
usi ng predi e‘fﬁraﬁ??fm% g&rﬁ@ﬂéﬂq Wrggemrd direction starting fromsaid

second videa frangan#ighig Nkt e asScifbd Wile2 riftilso HAARY fhat 88idM

video frames 25 occufring after sald second video Erarre I n the tenporal
order; and encodirsigvided dramestuldtbeoenedidiebint saideson-teraporally-predicted
tenporal |l y-predicted .video frame format usjn rediction in a orally
forvard W rect o983 AT O PG NY MRAI discd R RO fniSaiciaf o6 faB RSy of ng
prediction path ligngtiempgoRally-predidteat viasd paaentbrart, ®He ¥irstegidedOfrhrmes
that are shorter than that which would be obtained if said first video
frane were used £FEcHMHIGALA fiept positiontia the tesaperal exler2 3 MAR 2005 51 2. A

met hod accor di ng JqElafhg'shid HEIrdidhtRR Witl'e SebERAR Ul At S4baH Y in a

different position in the temporal order than said first video frame;

15 - encoding said second video frame in said non-temporally-predicted
video frame format and using the second video frame instead of the
first video frame as the starting point for prediction of frames in a
temporally-predicted video frame format;

- defining a first set of video frames comprising N video frames occurring

20 prior to said second video frame in the temporal order;

- encoding said first set of video frames in a temporally-predicted video
frame format using prediction in a temporally backward direction
starting from said second video frame;

- defining a second set of video frames comprising M video frames

25 occurring after said second video frame in the temporal order; and

- encoding said second set of video frames in a temporally-predicted
video frame format using prediction in a temporally forward direction
starting from said second video frame,

~ thereby providing prediction path lengths for the first and second set of video
30 frames that are shorter than. that which would be obtained if said first video

frame were used as a starting point for prediction.




video frane format is an INTRA-frame format. 3. A method accorddnifAR pgesai m
1, conprising encoding said first set of 5 video frames in an | NTER-frane
format. 4. A nethod according to claim1, conprising encoding said first

set of video frames in B-frane format. 10 5. A nethod according to claim
3, conprising encoding said first set of video frames by: assigning each

of the N video franes of said first set gf video franes a sequenti al
conpressi on order nunber, the video frame of said first set of video
frames occur4i ng A atetbediascekding te efsimal, wherein Baidngpratynperady-pradictedwest

franes ocour MRy et Kol UFEhdRRel SMtter "bei ng assi gned a hi ghest
conpressi on order nunber; indicating said second video frane as a

prediction reference frame for, encoding the video franme having said | onest
conpr essi on dr derA Methad Arcording | IRmeRM amemising engeding iaddifvy $ateolvi deo

frames of; sajghd {g?ﬁ{esqﬁtanqkfﬁlg_%gge‘%%_i n INTER- franme format in

ascendi ng order conpressi on or er. 6. A method according to claim
1, conprising assigning each of the N 25 frames of said set first set of

video frames, a coppression order nunber and encoding the N frames in an
order det errftned W?tﬁeﬂra% g8 8 @g%ﬂeé‘éﬁnﬂﬂf’s"@ EgPOWUﬁb‘@*@?W#. sl ‘Pét hod
accordi ng t QigdffrAhes8ARELAR BAndt first set of video frames 3o by:

i ndi cating sard second video frane as a prediction reference franme for

each of the N video franmes of said first set of video frames; and 2 3 MAR
2008 52 +pE 10 0 BSOSk APTD St 2, b St SR SR o
accordi ng t o/igédfrAimbs [BeNpPri sing encodi ng said second set of
- assigning each of the N video frames of said first set of video frames a
sequential compression order number, the video frame of said first set
of video frames occurring latest in said temporal order being assigned a
15 lowest compression order number and the video frame of said first set
of video frames occurring earliest in said temporal order being assigned
a highest compression order number;
- indicating said second video frame as a prediction reference frame for
encoding the video frame having said lowest compression order
20 number in INTER-frame format; and
- encoding the video frames of said first set of video frames in INTER-

frame format in ascending order of compression order number.

6. A method according to claim 1, comprising assigning each of the N
25 frames of said set first set of video frames a compression order number and
encoding the N frames in an order determined by their assigned compression

order numbers.

7. A method according to claim 4 encoding said first set of video frames
30 by
- indicating said second video frame as a prediction reference frame for

each of the N video frames of said first set of video frames; and




5 video frames by: assigning each of the Mvideo franes of s&id ARt 55 set
of video franmes a sequential conpression order nunber, the video franme of
said second set of video frames occurring earliest in said tenporal order
bei ng assigned a | owest conpression order nunber and the video 10 frane of
said second set of video frames occurring latest in said tenporal order
bei ng assigned a highest conpression ordgr nunber; indicating said second
video frame as a prediction reference frane for encoding the video frane
havi ng sai d -l onesncegingr ¥esvidao drames of saiskfirst iset N ERlga amesonnsaid Band 15
- encodi ng the vi i .set of, videp frames in | NTER-
frame format in Jgaiﬁ%ﬁfﬂgﬁgﬁ@efe?%%@%ﬁﬁ33@@?%%?“8#&%?0 ﬁ'aﬂ)t?er. 9. A net hod
according to claim1, conprising assigning each of the M franmes of said
second set of video frames a conpression order nunmber and 20 encodi ng the M
frames in arf-or dt medheqd areding tor Haim 1asemgrising csepengssaith seeprbsetfnber s.
10. A met:hod; i o claim1l1, wherein said first indication is an

| NTRA f%angmgggﬁégkeg)éociated with a scene cut. 25 11. A nethod accordi ng
to claiml, -wher essighingl dfaichsof thediM atiden fissnes pfrsaidisecohtiTiRA 6f gideo

request. 12. A nethod accordipg to claim1, wherejn said first indication
is an | NTRA 30?%%3 ﬁﬁ@éﬂf"@n{‘gcﬁ?@%ﬁmﬁ%‘%i%@@' %iémp‘%'é(%%u‘f@eprffﬁﬂ’%o?ﬁ%@i vi ng

termnal. 13. A nRi-BAq 4 Hi88 JPé?n&é YcBUing EALBSE irf 88k @)&g@l orderVAR

2005 53 identifying a second Indication that a further vi anme shoul d
be encoded in sdieihg@ssignepdoaalowesp readipreesioni deler fnumeerf andathe sidgo

i - vy ot ween TG G's oot GREORS aifd Undcg: HEMGe: RErumBOv U P 3AE n
sai d tenporal ordemporal order being assigned a highest compression order number;

- indicating said second video frame as a prediction reference frame for
encoding the video frame having said lowest compression order
number in INTER-frame format; and

15 - encoding the video frame of said second set of video frames in INTER-

frame format in ascending order of compression order number.

9. A method according to claim 1, corhprising assigning each of the M
frames of said second set of video frames a compression order number and

20  encoding the M frames in an order determined by their assigned compression
order numbers.

10. A method according to claim 1, wherein said first indication is an INTRA
frame request associated with a scene cut.

25
11. A method according to claim 1, wherein said first indication is a periodic

INTRA frame request.

12. A method according to claim 1, wherein said first indication is an INTRA

30 frame update request received as feedback from a receiving terminal.

- 13. A method according to claim 1, further comprising:




14. A nmethod according to claim13, wherein said second indjcatia®nng an

| NTRA frane request associated with a scene cut. 10 15. A method accor di ng
to claim 13, wherein said second indication is a periodic |NTRA request.
16. A nethod according to claim13, wherein said second indication is a

| NTRA franme update request received as feedback froma receiving termnal.
15 17. A nmethod according to claim1, fusfher conprising associating with
the conpressed video sequence information concerning the intended BI ayback
order of the frargentiyinghe sesepdcsdication dbat sefjuthes evideo fregne showichbe

i deo sequence | sPRat bR BB IRAAY R e BN TR E b dkhSy AR b1 “The
franes of the conffiefiredsaid deecomiiugiaes. frithe Aadrehh@iticre dtdrdlen@ctarribgai m 1,
conpri si ng encodi n%ﬁB-f_r anes between 25 successive video franes of said

first set of vidéyPeiaktialy mid-way petween deedirah Higeporemai and saib fwihesi ng
encodi ng5B_fra%%@ﬁgﬁ%iﬂo%éﬁfmoéaﬁ%}#ﬁo frames of said second set of

vi deo franes. acc 0 claiml, wherein the second
video frame occurs later in the tenporal order than the first video frane.

2 3 MAR 2005, 54 2. i deo encoder .for,_encoding a sequence of video
frames to fotm a"g @Eﬁ’rﬁ?‘i%&ﬂrﬁﬁ‘% C@%&c‘@hemggﬁd‘&? LREicalgn i gna
tenporal or j @%%@ i g&@g conprising franes encoded
in a non-teﬁgﬁﬁﬁeﬁlep@ggigéte V:aé%%ﬁéﬂp?m or&rﬁ!ﬂtf and at |east one

tenporal l y-predicted video 5 frane format, the encoder being arranged to:
i ated a first. video

identify _a fjrst jndication asso it h f.rame.that said
Cfirst vPded %y adb MHBRN PaoeTdRg daadaim, 13andineh. st rseane AR A Vi deo
franme for mtpeiodiciNTRASequadtarting point for prediction of franes in a
tenporal |l y-predicted video frane format, the first video frame occurring

10 at a first position in the tenporal order;
16. A method according to claim 13, wherein said second indication is a

INTRA frame update request received as feedback from a receiving terminal.
15

17. A methbd according to claim 1, further comprising associating with the

compressed video sequence information concerning the intended playback

order of the frames of the compressed video sequence.

20 18. A method according to claim 1, further comprising associating with the
compressed video sequence information concerning the intended playback

time of the frames of the compressed video sequence.

19. A method according to claim 1, comprising encoding B-frames between

25  successive video frames of said first set of video frames.

20. A method according to claim 1, comprising encoding B-frames between

successive video frames of said second set of video frames.

30 21. A method according to claim 1, wherein the second video frame occurs

later in the temporal order than the first video frame.




associate said first indication with a second video frane Bc?cd%ﬁ @BOSat
different position in the tenporal than said first video franme; encode said
second video frane in said non-tenporally-predicted video frane format and
using the second video frame instead of the 15 first video frame as the
starting point for prediction of franmes in a tenporally-predicted video
frame format; - define a first set of vigjeo franes conprising N video
frames occurring prior to said second video frame in the tenporal order; -
encode sai d 44.r st As\édet@fenmdebfdrr@rrmdlmgw aasequemeabﬂ yideo duinceseth fdrdea 20

frame fornmat tjo nate backwar d dlrec rting
fromsaid set Omf%g?%ig%?ﬁ #Equencae 3@%?1%%95'{‘90? twa%'@ PF@% %
conpri si ng Mowsteeséd giied sRERHEE |c@&1pﬁfsﬁrfg" framied crroasd iv 'adﬁih-fern%ﬁ@ally‘- the
tenporal order; and - encode said second set of video franmes in

t enpor al | y- grredictack ¥idgogEame formatand oatnﬁas@megtw@qwaélwmdlptedawdeo
t empor al gy fffg &'n?étrﬁfétér?ébo%trfﬁﬁwgggrr?lﬁé ({r{ sal d second video frane,
0

t her eby prOV| I ng prediction pa r the first and second set of

video franes thddemtife asﬁrsf:hdrcat:barast;habtedwmﬂﬂamstl\ddétefrabteauhataéandfﬂr&al d
first video frame, were used a a starting point for pred| ction. 30 23. An

encoder accor di ng/'4&P F“Hlen?w \Hﬁ’e‘?'éqweéja'ﬂoe%ﬁmﬂéﬁﬁmoﬂlwmeﬁ@%ﬁﬂld@@ vi deo
frane format i 5 anubdFhAC G LbGH Hita srind BBIROBC AR of ForRBE 341

according to claim?2 wherein t e enco arran enco e said
first set of viddemposatysprediciked videBRrdmarferrhat; thee firsg Sidearframe adeurring
encoder is arranged to 5 encode said

accor di to clai
first sgg Vi de@g] ]2"5[?@23' '?lng'heatﬁ@%?lrﬂfj '26. An encoder according to
claim 22, wher ei naéé‘tﬁzlﬁ@%ﬁ@rfsrétslnafcraﬁaﬁﬁﬁtﬁ a s&ﬁ%@@kﬁdé@'ﬂ%rﬁé loebusRly &

vi deo frarres by: assigning to each of the N video frames of said first set
of video franmes different position in the temporal than said first video frame;
- encode said second video frame in said non-temporally-predicted
video frame format and using the second video frame instead of the
15 first video frame as the starting point for prediction of frames in a
temporally-predicted video frame format;
- define a first set of video frames comprising N video frames occurring
prior to said second video frame in the temporal order;
- encode said first set of video frames in a temporally-predicted video
20 frame format using prediction in a temporally backward direction
starting from said second video frame;
- define a second set of video frames comprising M video frames
occurring after said second video frame in the temporal order; and
- encode said second set of video frames in a temporally-predicted video
25 frame format using prediction in a temporally forward direction starting
from said second video frame,
thereby providing prediction path lengths for the first and second set of video
frames that are shorter than that which would be obtained if said first video
frame were used as a starting point for prediction.
30
23.  An encoder according to claim 22, wherein said non-temporally-
predicted video frame format is an INTRA frame format.




10 a sequential conpression order number, the video frame of sgi g fiAR 3005
set of video frames occurring latest in said tenporal order being assigned
a | owest conpression order nunber and the video franme of said first set of
video franmes occurring earliest in said tenporal order being assigned a

hi ghest conpression order nunber; 15 - indicating said second video framne
as a prediction reference frane for en I ng the video franme having said

| owest conpression order nunber in INTER-frame format; and encodi ng the

vi deo frames24f i éncodantacnerdiog toickim 22 awbsrdim theEReeddiriarasrdngeddo i n
ascendi ng order .of ¢ ression, order nunmber 7. _Ap encoder according to
haim 2o WiREOR LN SaHer Ve HAmeRB DTER SAme Bubiior " ne N f r ams
of said set first set of video franes a conpression order nunber and to
encode the N frames in an order determned by their assigned conpression

order numberdd. 25Angncogeraaeondingde chrim A4 wbetinthe epcodgidsarranded tencoder
I s arranged | ls of Wi I s by: indicating said
second v?deoérﬁpg%%ggﬁg?%?g%q\g{l?%ﬁ%ﬁe%selbegn@%ﬁ%%ﬁ@ ‘or each of the N video
frames of said first set of video franes; and 30 - encoding the video

frames of sajd first set of video frames in said 13- frane format with
ref erence t *&aij d"{%é% nAGReEding daclaim 32 \whereip e gncoder 'ﬁrﬁf@f&?yefp

according t | . i ﬁ{gsqg?r is arranged to encode said
second set %‘@?S?ﬁi‘g’%g{ﬁyﬂdgggagm ng each of the Mvideo franes of said
second set of vi dssigningteesach sttiedltviddo Tamesed samhfinst defr ofnvidde framtdse
video frame of said 5 second set .of video franmesg occurring egrli.est in
said terfforal o qbrenlemiE SOMMIREYON QTURESEMERL e KIER Totle At dYStand
th_edw deo frame @t SRVHeYLHAMES Vcchfring MaBsf HRNREd HeBdraN @rdét 88ingi N

sai

assigned a lowest compression order number and the video frame of
said first set of video frames occurring earliest in said temporal order
being assigned a highest compression order number;

15 - indicating said second video frame as a prediction reference frame for
encoding the video frame having said lowest compression order
number in INTER-frame format; and

- encoding the video frames of said first set of video frames in INTER-

frame format in ascending order of compression order number.

20
27.  An encoder according to claim 22, wherein the encoder is arranged to
assign each of the N frames of said set first set of video frames a compression

" order number and to encode the N frames in an order determined by their

assigned compression order numbers.

25
28.  An encoder according to claim 25, wherein the encoder is arranged to
encode said first set of video frames by:
- indicating said second video frame as a prediction reference frame for

each of the N video frames of said first set of video frames; and
30 - encoding the video frames of said first set of video frames in said B-

frame format with reference to said second video frame.




tenporal order being assigned a highest conpression order nu EIMAR 2005
I ndi cating said second video frame as a prediction reference“frame for 10
encodi ng the video frame having said | owest conpression order nunber in

I NTER-frame format; encoding the video frames of said second set of video
frames in |INTER-franme format in ascendi ng order of conpression order
nunber. 15 30. An encoder according to i m22, wherein the encoder is
arranged to assign each of the Mfranmes of said second set of video franes
a conpressiddh orAteencoddreaccanding do edtind22 t Wheidid therescoderda avrahgied to _
determ ned by their.assigned canpr es i on order nunbers. 20 31. An encoder
according t &P ?r‘ﬁaﬁ%e Y gg{% AMSE B¥ndi cation is an | NTRA frane

request assaci at efsininy @agReHRtHM video AFBrSEY O aid GeRbAN NEbtt 6F Glddbm 22,
wherein said first indication is a periodic INTRA frame request. 25 33. An

encoder accor di ndrarees agequentialospreasioniaiden mynben the wideonrange ahsaidNTRA

ehcoder  ecor di ngeERTISHT 4159085, IaFEE SeHu R RAPE B KhRiebdPsl Biderany e
to: identify a seppiyl ds’iiinedt hopwidiaicomprassibar orded asurhb@menghtidl dides

encoded in said non-tenporally-predicted video frame format; and 2 3 MAR
2005 57 define Jtes¥cspld seend rseirefl Migleg paes peawrEngclatesti ingsaid

substantially mgd- first. ad ﬂﬁ‘]% Lo f er video
franme in said te’t%ﬁ%ﬁqltbﬁ%}gﬁ&né%g{@kﬁ aeprﬁ'?gggr&gccors %'?ﬁg&?%%?@?%nm
wher ei n sai @ secomdicatie saitdi setong Adeo FidhiRAas raapredictignasferensediamefbi th a

scene cut. 36. An encgoder, accardi to claim 34, wherein said secon
indicati'8n is a %Pﬁﬁ'@i 5h‘T’N°F OrE'EU@sth.aVﬂQ said lowest compression order

number in INTER-frame format;
- encoding the video frames of said second set of video frames in
INTER-frame format in ascending order of compression order number.

15 30. An encoder according to claim 22, wherein the encoder is arranged to
assign each of the M frames of said second set of video frames a
compression order number and to encode the M frames in an order

determined by their assigned compression order numbers.

20 31. An encoder according to claim 22, wherein said first indication is an

INTRA frame request associated with a scene cut.

32. An encoder according to claim 22, wherein said first indication is a
periodic INTRA frame request.

25
33. An encoder according to claim 22, wherein said first indication is an

INTRA frame update request received as feedback from a receiving terminal.

34. An encoder according to claim 22, wherein the encoder is further
30 arranged to:
- identify a second indication that a further video frame should be

encoded in said non-temporally-predicted video frame format; and
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37. An encoder according to claim 34, wherein said second |nd|7b§t| on Is a
| NTRA frane update request received as feedback froma receiving termnal.
38. An encoder according to claim?22, wherein the encoder is further 15
arranged to associate with the conpressed vi deo sequence information
concerning the intended playback order of the franmes of the conpressed

vi deo sequence. 39. An encoder accordi n%] 40 claim22, wherein the encoder
is further 20 arranged to associate with the corrpressed vi deo sequence
‘information -concedeﬂn@gealdnsecmcbwded frarag lbackvideodraofe otrurfing substantialhe

conpressed vi deo A der. _accor 0.clai.m 2 wherein
the encoder is armgﬁﬁ gwe%ﬂé%@fi% (%99 P(ré'r%esaﬁ ﬁﬁ&eh" é%%q \)@Wﬁ Beo
frames of said flg’gﬁd t&rpo e omé}eo frames. 41. An encoder according to

claim 22, wherein the encoder is arranged to encode B-franmes between
successi ve video franes of said second set of 30 video frames. 42. An

Th the t Srpoil " BnBhiradcoraitRo Bl A RGARAsYb $Ra0h BiBcatlih 2 S
vi deo codec INTRAIffange mqwiegeassnmdewam@cén@guto claim?22. 44. A

mul ti medi a content creation systemincluding a video encoder 5 according
to claim?22. 45 A multinedia term nal including a video encoder according

Lo clal m 22,56 An BHbhERE bR akind 340 LRl e LabNd il s L he

termnal is a 10 ra |o te eco ni cations’ device ecodi ng
a conpr essedariadiolNHyAaageesto recover a sequence of video franes, the
video frames having a tenporal order, the conpressed video sequence
conprising franes encoded in a non-tenporally 15 predicted video frane

format and ad7 | eagh eﬁﬂ@déﬁﬁ&ﬁfr@in yropélﬁi@h %hed.rh\ékélﬁ%alcf s80Bnd Aididdtionas ¥ di ng
to the encodi ng nethod of claim I, decodi ng
IN frame update request recelved as feedback from a receiving terminal.

38. An encoder according to claim 22, wherein the encoder is further
15 arranged to associate with the compressed video sequence information
concerning the intended playback order of the frames of the compressed

video sequence.

39. An encoder according to claim 22, wherein the encoder is further
20 arranged to associate with the compressed video sequence information
concerning the intended playback time of the frames of the compressed video

sequence.

40.  An encoder according to claim 22, wherein the encoder is arranged to
25 encode B-frames between successive video frames of said first set of video

frames.

41.  An encoder according to claim 22, wherein the encoder is arranged to
encode B-frames between successive video frames of said second set of
30 video frames.

42.  An encoder according to claim 22, wherein the second video frame -

occurs later in the temporal order than the first video frame.



met hod conprising: identifying a first indication associated m@tﬂ @Pgiﬂﬁg
encoded video frame that said first encoded video frane is encoded in said
non-tenporal | y- 20 predicted video frame format; decoding said first
encoded video franme; receiving a first set of encoded video franes
representative of N video franmes occurring prior to said first video frane
in the tenporal order, said first set encoded vi deo franes having been
encoded in a 25 tenporally-predicted video frame format using prediction in
a tenporally backward direction starting fromsaid first video frane;

decoding saigd first. set of encoded video frames using prediction in a
temporal ly B ckvvafga'd%ior 9@%’&&&&&&% e?,eaﬁpggq @cqqrwgg%icgaé@ #ﬁame;
recei ving .a second set of encoded video frames representative of M 30 video

frames occurring after said first video frame in the tenporal order, said
second set df-endddeyltimedia ceanlept ¢raation sysiemeinchadiagi a wideo encoder

t enpor al I.y- i i rame format using prediction in a tenporally
y- %Shﬁﬁgg% llf{aﬂﬁ%

forward di rectron romsaid first video frane; and 2 3 MAR 2305 59
decodi ng said second set of encoded video frames using prediction in a
tenporally forward directjon starting fromsaid first video frane. 48. A
met hod accordfl-ng A Bdtimegdiadermingd insiuing aidrheneadssascotding typlained2. 5
video frame format is an INTRA-frame format. 49. A nethod according to
claimd47, wherein said first set of encoded video franes are encoded in an
| NTER- f r ame 46r med multimgdia terminidi abcanding do oipimod 5 wheneity therwerminal isai d
first set of nc%fed Vi deo anes, _are encoded in B-franme format. 51. A
Al

gr
met hod a@cor@PIRelaSOMRHACAYONSHRYIES saj d second set of encoded video

frames are encoded in an INTER-frane format. 15 52. A nethod according to
claimA47, con7~pri si ng decodi ng B-franes
4 A method of decoding a compressed video sequence o recover a

sequence of video frames, the video frames having a temporal order, the
compressed video sequence comprising frames encoded in a non-temporally-
15 predicted video frame format and at least one temporally-predicted video
frame format according to the encoding method of claim 1, the decoding
method comprising:
- identifying a first indication associated with a first encoded video frame
that said first encoded video frame is encoded in said non-temporally-
20 predicted video frame format;
- decoding said first encoded video frame;
- receiving a first set of encoded video frames representative of N video
frames occurring prior to said first video frame in the temporal order,
said first set of encoded video frames having been encoded in a
25 temporally-predicted video frame format using prediction in a
temporally backward direction starting from said first video frame;
- decoding said first set of encoded video frames using prediction in a
temporally backward direction starting from said first video frame;
- receiving a second set of encoded video frames representative of M
30 video frames occurring after said first video frame in the temporal order,
said second set of encoded video frames having been encoded in a
temporally-predicted video frame format using prediction in a-

temporally forward direction starting from said first video frame; and -




bet ween successive video frames decoded fromsaid first set of jeqsRdegy
video frames. 20 53. A nethod according to claim47, conprising decoding
B-franes between successive video frames decoded from said second set of
encoded video frames. 54. A video decoder for decoding a conpressed video
sequence to recover 25 a sequence of video franes, the video franes having
a tenporal order, the conpressed video uence conprising frames encoded
in a non-tenporally- predicted video frane format and at | east one

t enpor al | y- predi cie@ddirigomﬁd sécmrbsémfrm'tcodedmicthowiyamesujsmgweu&mionﬁn al ai m

1, the decoder b | n e first di cation
associ ated with lfyjﬂ@% chi’(ﬁca' Sit"?rh é?%sfg?ﬁv'?i?‘? gr@n?éencoded vi deo
frame is encoded in sal d non-tenporally- predl cted video frane format;

decode said first encoded video frane;, 2 ? MAP 2905 60 receive a first set
of encoded &leo A mathed asperdinghicatliaine 461 wietdinl gsid noratarapereliyrprédigtedr i or

i deo 1 ikl e RREL A MIRATS OB | Dehi crea video frame

format using prediction in a 5 tenporally backward direction starting from
said first video franme; decode said first set of encoded video franes

usi ng predi @ on A method aﬁ%ﬂmg i daipk dér wherain saiddhiskiefof ieRgoded Mdesi d
first vi deo érﬁg;afﬁ éﬁ&gj aar?ﬁ\?’ﬂfﬁ—fr':‘a‘?'ﬁ % _coded_ Vi d_eo fra_rres
ve

representati rane occurring after said first video franme in
the tenporal order, 10 said second set of encoded video frames having been

encoded in tenporal l y-pre lcted vi d frame format usi predicijon in a
Cenpor al'Py A5k warh el EPNCLLB A A7 oSSR TGB! SR L GIEPdr VideRq
decode sai d fERRONErsBhcieERIDRRth fdia@atf rames using prediction in a
tenporally forward direction starting fromsaid first video frane.

51. A method according to claim 47, wherein said second set of encoded

video frames are encoded in an INTER-frame format.

15
52. A method according to claim 47, comprising decoding B-frames
between successive videc frames decoded from said first set of encoded

video frames.

20 53. A method according to claim 47, comprising decoding B-frames
between successive video frames decoded from said second set of encoded

video frames.

54. A video decoder for decoding a compressed video sequence fo recover
25 a sequence of video frames, the video frames having a temporal order, the
compressed video sequence comprising frames encoded in a non-temporaliy-
predicted video frame format and at least one temporally-predicted video
frame format according to the method of claim 1, the decoder being arranged
to: i
30 - identify a first indication associated with a first encoded video frame
that said first encoded video frame is encoded in said non-temporally-
predicted video frame format; -

- decode said first encoded video frame;




15 55. A video codec including a video decoder according to cl&iinis42 %65 A
mul timedia content retrieval systemincluding a video decoder according to
claim54. 20 57. A nultinmedia termnal including a video decoder according
to claim54. 58. Anmultinedia termnal according to claimb57, wherein the
multinedia termnal is a radio tel ecomunications device. 25 59. A
conputer program for operating a conputgyy as a video encoder for encoding
a sequence of video franes to forma conpressed video sequence, the video
frame having a t gepeivala draieel of sintodedprides dunvesd egpreseniative of dbrjsteosi ng
frames encoded i non-tenporally-predicted video frane format 30 and at

| east one terrporgﬁ%‘?i’)PQSP%@dpwré@gs?'aaﬁé{aygﬁﬂad&,m?HQWESr%ﬁmp&ral ?)rldg@r am
conprising: conpuapd frsideet @F énttfedl Yided frafidsShaligi Beéh shosieacined
with a first video frame that said first video frame shoul d be encoded in
said non 2 3 MAR teowsragly-predigiest avidgopreamet dermptiesingarmsedighiont imn@ used

as a startin oi f IL.Chi ; ' : - - predicted
vi deo f rgme ?ofnatgbptoﬁée"y lfa{c?(g{a?@fjﬁgg 4nr %@e@%ﬁ‘r%ﬁ%ﬁ@%@ t)r{%r{?]eposi tion in

t he tenporal- or defgcodeosgidtfrst eetlef fadicoded odded ifrmediudidg peddittivh @atai on
with a second video 5 franme occgrringoin a different position in the

termporal order tH&MPOEAIlY bagkward dirgetion staring tempiaid fir yifea BamMehcodi ng

sai d second _vi de ; i ' o 1 v i : r
format and usi ngq? éeﬁggacoénég%\%g%é(} &;F ge%m%ﬁde%d%ﬁ%ﬁggﬁ%%&%\%%e%Wr anme

as the starting pddet fraore peaadiing abier said fakt fideodsame irathe temporal order,
tenporal | y-predicted video fra formgt: - conputer code for defining a
ret od0of vi aesd SERRSS sshaf oo videw S Mo Ry Lot PRECHRT O % o
sai d second vi deqefipafEyipretiitted eWRH0Al frame format using prediction in a
| temporally forward direction starting from said first video frame; and
- decode said second set of encoded video frames using prediction in a

temporally forward direction starting from said first video frame.

13
65. A video codec including a video decoder according to claim 54.
56. A multimedia content retrieval system including a video decoder
according to claim 54,

20
57. A multimedia terminal including a video decoder according to claim 54.
58. A multimedia terminal according to claim 57, wherein the multimedia

terminal is a radio telecommunications device.
25

59. A computer program for operating a computer as a video encoder for

encoding a sequence of video frames to form a compressed video sequence,

-the video frame having a temporal order, said compressed video sequence

comprising frames encoded in a non-temporally-predicted video frame format
30 and at least one temporally-predicted video frame format, the computer

program comprising:

- computer code for identifying a first indication associated with a first -

video frame that said first video frame should be encoded in said non- -




order; - conputer code for encoding said first set of video frZgegn @5 15
tenporal |l y-predicted video frame format using prediction in a terrporé y
backward direction starting fromsaid second video franme; - conputer code
for defining a second set of video frames conprising M video franes
occurring after said second video franme in the tenporal order; and 20 -
conputer code for encoding said second gt of video frames in a

tenporal |l y-predicted video frane format using prediction in a tenporally
forward directi ortesparallypretiiated vidieo fewone fiermatdad deeaas a istartiegp pojodt & di ng

prediction path |lengths for. the first and second set.of video. fr s t hat
are shorter than Rrﬁg'.tcn%io ﬁr%?ﬁ & getem%?ﬁgarchctggivﬁqq f/rgfnq,foag@;fl,z rane
were used as a stipsitvidgo Pam¥ oddUirifg gﬂaqrrstqusitﬁihiﬁtﬁé@émgsmeuém _

conprising a conputer program according to claim59. 3061. A encoded video

si gnal repr esent RAMRULEF cade éefursrosiadingvsaie dirstringdiestion mithva geeomnd xides

havi ng a_.t enpor al | d. e i I I SJ
encoded i5n a non-f[ée%nggcgfjﬁ;ﬂgg'rnegﬁﬁﬁg%ngipggﬁoﬁr@#ggftgmélﬁ 'JQQW@%@ 62
and at |east one firethwde@flayngyr edi cted video franme format, the encoded video

signal having been forned by: _identifying a first indication associated
with a first vi dEQMRURE ORGt FasapreOding Said,isgeand rideo Jisne dnbeidnt@idted i n

sai d non- tempor ahipRE AN SHEBRod VAP eI FArl AT 7 R, HoP ol vRich {1 19

point for predictio frames 1n ate r predic e rame
format, the fir stframeédwstéadot thefistvideograe asf thestantiogipoindrfor prediction

Tl 0o AR g Pl I AL Pt e oo ond, Vi deo frare
frame; 10 - -encodiopgptal @o8B8CRAYnIRP af fidtRet BfSAdSb frames comprising N
non-tenporal | y-predicted video frane format and using the second video
frame i nstead of Midro frames occurring prior to said second video frame in the temporal

order;

- computer code for encoding said first set of video frames in a

15 temporally-predicted video frame format using prediction in a
temporally backward direction starting from said second video frame;

- computer code for defining a second set of video frames comprising M
video frames occurring after said second video frame in the temporal
order; and

20 - computer code for encoding said second set of video frames in a
temporally-predicted video frame format using prediction in a
temporally forward direction starting from said second video frame,

thereby providing prediction path lengths for the first and second set of video
frames that are shorter than that which would be obtained if said first video

25 frame were used as a starting point for prediction.

60. A storage medium comprising a computer program according to claim
59.

30 61. A encoded video signal representative of a sequence of video frames,
the video frames having a temporal order, said encoded video signal

comprising frames encoded in a non-temporally-predicted video frame format




first video frame as the starting point for prediction of frameg3i s 7005
tenporal |l y-predicted video frame format; - defining a first set of video
frames conprising N video frames occurring 15 prior to said second video
frame in the tenporal order; - encoding said first set of video franmes in a
tenporal l y-predicted video franme format using prediction in a tenporally
backward direction starting fromsaid cond video frane; - defining a
second set of video franes conprising MVideo franmes 20 occurring after

sai d second anddalebstione ittmpbealiyeirpdictdd videerfraragdormaln tiesl engoded didgecond
set of video,f rfitrres_ in a tfen;g‘oral | y-predicted video frame format using
predi ction iS9NRlhevpgganforgeddd di rection starting from said second

video frame. therebitirdhgid fisthdlbAMCARRIREY WilhCARHAVIdLY frhfi thaf shigand

second set of vi frames that are shorter than that I ch wou be
obt ai ned i f sai d firstr eilewifcne shoaldk beeercadeedinasaid saratamperafpipnedicted
predicti %n. video frame format and used as a starting point for prediction of frames
in a temporally-predicted video frame format, the first video frame
occurring at a first position in the temporal order,;
- associating said first indication with a second video frame occurring at
different position in the temporal than said first video frame;
10 - encoding said second video frame in said non-temporally-predicted
video frame format and using the second video frame instead of the
first video frame as the starting point for prediction of frames in a
temporally-predicted video frame format;
- defining a first set of video frames comprising N video frames occurring
15 prior to said second video frame in the temporal order; |
- encoding said first set of video frames in a temporally-predicted video
frame format using prediction in a temporally backward direction
starting from said second video frame;
- defining a second set of video frames comprising M video frames
20 occurring after said second video frame in the temporal order; and
- encoding said second set of video frames in a temporally-predicted
video frame format using prediction in a temporally forward direction
starting from said second video frame,
thereby providing prediction path lengths for the first and second set of video
25 frames that are shorter than that which would be obtained if said first video

frame were used as a starting point for prediction.




