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WO 2005/ 079070 PCT/ FI 2005/ 050032 1 Resi zing of buffer
i n encoder and decoder Field of the Invention 5 The

w@e@sermm7d nvention relates to a nethod for bufPEr/Fngs/050032

encoded pictures, the nethod jncluding an encoding
step for form ng encoded pictJres in an encoder, a
transm ssion step for transmtting said encoded

pictures t : , odj n f

t he encodeg{egsilcétjlﬁx%%g&# o?@?]gﬁi% %b&}j‘g%% gr{ p| T ogdf%g
and rearranging step for arranging the decoded
pictures in decoding order. The invention also
relates to a system transmtting device, receiving
devi ce, an encoder, a [Eielhabthe kivestion ronic device, a
software program and a storage nmedium 15 Background

B eSOy Eies o Hesen Fardeyle egeg! pictures, the
ltﬁ@thE@dlgElﬁGrrR‘; aiﬂdalnrlclzsr@’nllcgEEété‘ﬂ:’E@‘ 4g§ﬁ|g1bnégﬁc;fdli@$ﬁeplctures in an
st andar

» PRBAR oG AR ErIStEh dub 6 Fant B SAr ENeBAPE e to a

Vidgeoderp angeicodingostepy Soredecading bibedencatiat ipmtores for forming
CBEX@&@@HC%%% and r@é’r‘?anﬁﬂﬁ‘éﬁ%&%rh&r%&ﬁg $hé fBcoded Bgtures in

Conver sati ona yst ens erenci ng

afgceding reer. emwen@am@éeléfesstﬁ:ﬁ Wr@nﬁanﬁ@ﬂttj@@ device,
| Ta&elviftg CdHU’@é‘déH iePR8dEl, 32 Yecbd8r 3an Lt M Hditdt, a software

eC|f a vid conf 8renC| ng/ t el’'ephony system
Eé%r@ 33 518996 MedIUifg PETN net wor ks

respectively. Conversational systens are characterized

by the intent to n'haj:g"zoql!idwgf ﬂ‘ﬂadl'ntv‘é!ﬁi%qi delay (from
audi o-vi deo capt ur 30 video
presentation) in order to inprove the user experience.

N@'&bﬁé’r‘i@éﬁmaag'c%amgaﬁéﬁ&&ﬂa% ih®16HY I‘i‘TUDJr W?@F KoL TH.9689SO/IEC

cont ent SuUcC ersa

RHEGH | BTG BB o 2 S NPEE4 Pat 4 There standards

devé Rereiflraretrall td ¥s o@ﬂdeﬁﬁcﬁrﬁﬂmm capiifg efdndagyd.ew of
the nost 35 inportant standards in these technol ogy

areas is given below. WD 2005/079070 PCT/ FI 2005/ 050032
2 Videtoco mannicatiandystems di gi tal vi deo consuner
el ectronics today i s MPEG 2,

Video communication systems can be divided into conversational and non-
conversational systems. Conversational systems include video conferencing
and video telephony. Examples of such systems include ITU-T
Recommendations H.320, H.323, and H.324 that specify a video
conferencing/telephony system operating in ISDN, IP, and PSTN networks
respectively. Conversational systems are characterized by the intent to
minimize the end-to-end delay (from audio-video capture to the far-end audio-
video presentation) in order to improve the user experience.

Non-conversational systems include playback of stored content, such as
Digital Versatile Disks (DVDs) or video files stored in a mass memory of a
playback device, digital TV, and streaming. A short review of the most
important standards in these technology areas is given below.



10

15

20

25

30

35

whi ch includes specifications for video conpression,
audi o conpression, storage, and transport. The

warosage7and transport of coded video i s basedP@HFI20034950032

concept of an elenentary stream An elenentary stream
consists of coded 5 data from single source (e.g.
video) plus ancillary data needed for

oK E o SR, S5 e B JSLES i B2
padticht iizaddentspeeifichBong dostadee | @rgptessiony aaudibl esmpression,
I f i :
( B0 PR Flspot, BHEbRSRE KRN (RS BHUTRILBNIRS R fRsed on
biheseorcapt @hea alempei@ry Rsepaly AdlemerREIY Glieank eersists gicoded
VahtPYrork! 8MBINGH Yscriré€aBg AR TBIURe nkMahP dBt8! hB8fed for
a_Pro r.am.Str.eam.éﬁPSR or Cf. Transport. S_tream %ng PS
|§yréqf}fgalzgpo%plgppg 3tigRsan gb@r@&t g@pp@lo&t e source information.
t Aaln_emmaitany et[rreamsis sacketiasd Shtm;r eitherdephstsintigpgthodbr variable-
a ti : |.S c 0 a
< DG B o Tvirh e SRR PRI RANO R (RESF Eacn PES
apackaiconiists pha headen fédlaweadbyisprean datgucalkeatieedaytoad. PES
b t gt~ ol j j ' f :
oBrcicts (RO 9aous BRAohend SIS A c B igm either a
| Beegrem Streamidik &fa Jransperipaiseamdh SarP@ s Rineed at applications
g o e OTor [SCh, &, SoREEna Ty, type of

. of. T s i zat |. ) S .

a I t ,

SBRRICHIONRATS TP A SRBTPR NG Hint e S ORIDIB AT Aiapsmission
| 8btEClovener N8tassnalesShanthar metivd40 thrdOglidRESgdarmteed to be
1génstgﬂfe draft standard is referred to as the JVT
c

ing standard in this paper, and the codec according
to the draft stanpla_rd i_s referred to as th_e JVT codec.
25ndheiscR dpmoBRfckidiaiié @Bolrigéh iy diirinie IT%%)m (VT) of ITU-
conc%l é between a video ™ coding layer (VCL), an ,
a Irift GsThadark Rt UXyep bared on ameatier stassiagdization project
: hhﬁI'EliJQ'néélLdU HC,’_tw_SiTT?a foacst méa\l't‘{/ﬂstt@rﬁddrhﬁaﬂ_@ﬂ&@ to release the
ings such a ransf or gdanti zati pn n
s 38 en SRS dekEnss il arEtuprancRipn 264 1a9gs 1SONEC
t hternptineab Stauderd pt4496-hO SMBE Gt iyt 1 0Yi dbe dedestandard is
a a r id.iZes r .
o 14TB(1e8 b REnGRRAT obRAf statftdrdH i b’ P dd i cpdec according
t tather diamh standnrdds odfetrpd te a@sitaedVTssagiegl . The out put
of the VCL are slices: a bit string that contains the
rrﬁgrobl ck data of an iﬂt&ger nunber of macrobl ocks
a t@

et fedeq $PeFWERIYN iise tingyighes conepPiuadyt Ratwery a video

t Bedingaayex (V@ld esd eohetivoek bbssactiorplalyeb(NAK). IThet MEL contains
< Bk bk SRR’ A MBS Bt B g, rapororm.
onuentizatioas snatiah s€ancbraompensaliboc RnENdhedosp direa 7 follows the
ngﬁgr'a?%ﬁééﬁo&e’r%ostsof today's video codecs, a macroblock-based coder
that utilizes inter picture prediction with motion compensation, and transform
coding of the residual signal. The output of the VCL are slices: a bit string that
contains the macroblock data of an integer number of macroblocks, and the
information of the slice header (containing the spatial address of the first
macroblock in the slice, the initial quantization parameter, and similar).
Macroblocks in slices are ordered in scan order unless a different macroblock
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allocation is specified, using the so-called Flexible
Macr obl ock Ordering syntax. In-picture prediction is

wasdomary within a slice. The NAL encapsul at eRCT/RR005/050032

slice output of the VCL into Network Abstraction 5
Layer Units (NALUs), which arésuitable for the
transm' ssion over packet networks or the use in

k d. o ' ,
2R S0 BRI P P SBTER Y Bupla AR Braering
NA}Lrlﬂlax olvepictoye redictamis umedeortlpavithét astiks.. 10 The
optional reference picture selection node of H 263 and

the I\ EWPRED codi na@: ool of MPEG 4 Part 2 enable _
sdhedifbrensapsuigteseing sitecottpaidf e VdpinterNetwork Abstraction

glﬁlﬂggﬁﬁiitkog\mgﬂs eaghicR &r*euéﬁitécﬁé MBRtthe etr@nsmlﬁ’ﬁbn Qﬁfé‘? packet

urt her nore, tional Enhan
e R L R A LM
?ddfim@ ahaénimp@f ul@ﬁ@b@osﬁ@tx{( transoit é:lhlm Naﬂ_lersemz@r byte-stream
I 15 r each macrobl ock separately. Reference
ploﬁgﬁ‘ieg ’%eéWgﬁ&sr on enabl es many types of tenporal
scalability schenes. Figure 1 shows an exanple of a

t?ﬂeod;ﬁlon%??éf%ﬁ’éﬁd n%lcﬁﬁgeégffe tVEﬂi frﬂ)de' §t|_ﬁei€% QnH%SrWPRED

as recursive or al SC& e exanp

s@ﬁ@nﬁ tog! @ér{VIBngéc%@rée? wneRle; selee I%r%ttaﬁtreferaﬁ@e frame for
I fiction dorg r@sa%oﬁ%r@a%haplétm‘@ﬁégmbﬂf %rg e@&eﬁ 8adk shtslfPH.263.

Rﬁvﬁﬁgﬁﬂ%gﬁ Sigrdh o el Rnss Pt Seiptien, mode of

i #.268 lanblethéelaNTedodmgmtandarﬁhendmlemﬁeotrmnt tiekhe @hereatce frame
dicate the direction of
nnﬂfr esa‘éﬂsrﬁg } ;5 ?%tgw

ion conp he val ues under the franes
correspond 25 to the relative capturing and

d%@é@ﬁbggﬁfct s@fecﬁ@ﬁ EhANEBS - nPaﬂyagTde%he Sertdt g?l%tcalablhty

One ver ament al desi gn conce JVT co

i §C|@an9%n':e'9blfeb1 SEPY'S ADEXYRPI M IyBRRE scalgbilityagcheme, which
mh@mlﬁm@fe&‘e@hoaés résurbRedempbral s&ﬂéblmfy The example scheme

how t hi
dBRBa aovrest wani Bree AdketanCrAER (i a2 deiets a scheme
oneferbdce s Mided Eeatrdidansy IGoaimg, TWherehagdesjuelnag esf pictures is
f dl g I
g o Bho 41 3! fidBeRgstiny, Tobey A Inereaved
shiasaert hhe asewaiinsthese and @il ghecisebsequeitsfigures indicate the

i Elfr@c‘iﬂﬁt bpr‘?loﬁé‘ﬁ‘ c@ﬁp@n%ﬁtl@r? afighke K/Bru'éﬁ%de? tﬁéJ frBmes correspond
a&g |ca§| ons not rave an out - of

613 'Vgr%{?ﬁléﬂnga%'bq’ gisPianry F@?Smg‘%ﬁ?‘%e The
corrbl nation of the higher WO 2005/ 079070

P%%éé&%4 | evel paraneters is called a

P Par aneter Set contains
One very fundamental design concept of the JVT codec is to generate self-
contained packets, to make mechanisms such as the header duplication
unnecessary. The way how this was achieved is to decouple information that
is relevant to more than one slice from the media stream. This higher layer
meta information should be sent reliably, asynchronously and in advance from
the RTP packet stream that contains the slice packets. This information can

also be sent in-band in such applications that do not have an out-of-band
transport channel appropriate for the purpose. The combination of the higher
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i nformati on such as picture size, display w ndow,
opti onal codi ng nodes enployed, macrobl ock all ocation

WOorzes/0mt ot hers. 5 In order to be able to chargBFI2005/050032

pi cture paraneters (such as the picture size),
wi t hout having the need to trdghsnit Paranmeter Set
updat es synchronously to the slice packet stream the

R TriARES a3 St n BRI 8ISt Tindiariicer S tontains
c odenoatebrt Isat:h asncpldatea$|zd]edﬂplemmmredov@ebptlmajecmﬁheg modes
1 h A
LB ARBL BB bE AaogRUBlRrL L anem sci on

transmt them by external nmeans, e.g. as a side
eff 8fderab 5@%b¥@ﬂﬁ@héhéé’ @E&r‘éafﬁ‘é}%méiérst u‘éHgéh fhe picture size),

ChoBongdsat Sb%@Higlt{%famogg@r%@@Eeﬁ Yardates sunguenously to
athe Slicecpackeh spaat) tapinceder and di@soggr speendiniadi Bdist of more
RS e st S Ahadd BRoR 19 socgyord tha
sindicaies theePdrapétay Set tizbeasedpt for B pictures. A

bl ock in a conventional B picture can be

bi - dlrectlonallﬁ(P nporally predicted fromtwo
r dhisr Bvgehanisit alipws tO WespEpPeniber Earsraiss O Nppicther Barameter Sets

t @BRPTHRY packet %%Qhﬂgan@‘@arﬁilﬁlt %é]ﬁrby éﬁfeﬁ’feﬂrﬂﬁ@arfé @tglr@ a side

'S te raII ceed, in dis

| STl Bk bRy S5 eh s o el e OLihrdiHbie) contro
speateeal. tthmapepern tber godsiblditisqtl tagy cgedﬁe}léﬁtlrgmﬁuedlmn :are fixed
[ rl >0d] \N.-H2 ere bot ie pi ctures

o%%n %@?}g%ﬁgﬁgnggh%ggaﬁ'ggpg\ﬁ]eference frame can

precede a B picture in decoding order). A

CopY ik 8Balor&e i cture cannot be used as a reference
IT[‘DTT%_[?ITp ral prediction, and therefore a
conventional B picture can be di sposed wi t hout

atrf @@h\l/é]ﬂlohbﬁwdééctﬁjdm] Q‘ﬂ‘an@laws)tth@fde@béhgr@‘@er 6@ pidigres is the

JVT codi d d
. vama, en i1 BlsBiEGter dptnehr b Pickfepolt QBeR iR anventional B
Tp'e:tm:rec @dnndpeoriteirectionsllyt deraporaly dpeedigtedd ffomo mwidereference

gp%‘ﬂﬁr gfh%ﬁé onez{éﬁ?rghgé u%?%mb@%ﬁl)z?r o‘?ﬁ&%ﬁidnﬁﬁe other
dr@‘premeormwe lwbemwmg@cmeermg 4 Mso@o@m Omgy -the latest
RedrBFeR@SiPlugd Séccfd?ﬁg drddracdh sutcRel the B Picfurean display order
el(éxhceerptlgr? bm’ferlaceg coding in H.263 where both field pictures of a
temporally subsequent reference frame can precede a B picture in decoding
order). A conventional B picture cannot be used as a reference picture for
temporal prediction, and therefore a conventional B picture can be disposed

without affecting the decoding of any other pictures.

The JVT coding standard includes the following novel technical features

compared to earlier standards:

- The decoding order of pictures is decoupled from the display order.
The picture number indicates decoding order and the picture order
count indicates the display order.
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after the B picture in display order. Consequently, a
B picture stands for a bi-predictive picture instead

wW®@L008/0mi07ii recti onal picture. - Pictures that BCEFROE5/050032

used as reference pictures are marked explicitly. 5 A
picture of any type (intra, imer, B, etc.) can either
be a reference picture or a non-reference picture.

(0 AR B P E oS F 5 S8s8 B bore o
pi ct ur afteathe Bnpiatureshidigday laterarGorsedeentiy t & Bapicture stands
differ gcﬂla Bloﬂleﬂﬂ‘.tﬁ/%é%‘??turé fﬁsﬁ%d?)eéf f ?e?tﬁ)n‘é?gﬁg.]re

plctur an |
B- codea’I@u:aﬁethat 6fe ERhNEEE. aso@é@r@ppe ri@ctwfesaa@nnayked explicitly.

order fy giEnslecodhRg t%éj?mtrﬁa"htgﬁ Ii?e@ﬁf)' @a@eltfh%?”ﬁe a reference
conpreSS|on ef fi ciency

error Ol
o CREOG @@ monaoisreRot pite: (s @ 5§ HiGinfE 64 b used as a
pot ent lra’ekeynoermcmwe hyy temporgigsedictioebf bithee pituies.)

st ar* Dale oA efuan, s thet A ERSa Nifta ﬁﬁ?‘e{r%tegodmg type.

nunber $n wihteiwordsxa sodee pisteteumay conbist of aadttta-doaed stice and
the JVE 508489 shiandabthmpd arrows indicate
e

prediction pendenci es te that picture B17 is a
reference picture for pictures B18. 20 Conpression

eDeceusMyy ded|§9b9nbfcﬁ=Jr|ﬁfom”@b%@iﬁgcgfmr%tbé beneficial from
conventi onal e rereyence plctures

f89”‘;5”%%%9%@ff'éﬁé‘cé{rag’dteéw&?&f??%PB'§ PTVIE¥pared to
conventional coding with PBBP or PBBBP coded picture

P SRRl LS BBk i gpporessio
patficienty isepeaseotgshin FigureeBcBeonee ipdicaier pistures, gapital letters

b\NI’[HIF{ l%)?ésoﬂ ié;'aile Eécﬁﬁ%ct)‘/ﬁ& oSBT S withit B8 feY éﬁ,aﬁlct%re numbers

exa Intra picture post ponenent net

céﬁCQfé’"lﬂsé@ ﬂ&.%To@@dlegrétar\d@% i@@fc @rrows indicate predlctlon

Caspenderuied.| Notedthat pidt@rePBSY s & icferehed gslcturarest Gitkirys B18.
panse to,an expire

a_sce
SboBineBasiar r Evipiebny s PofpritEll By Yri iee *fou B vBntional
p codinge bpoasigeothenefdrenee ipoelyuresaior prutmmsﬂBt& areetersporally closer

CBQ%%a'ré@%' %ﬁl/é(nt?c{r{a?rgidlﬂﬁe\% thO PRR#E BP goded picture

ctuare oraIIy su seque
ppattgrrn@ |60§mre&$|@a &fficenagyntisa poﬁﬁrﬁt&JVelmedplQﬂmL@&fed to

b%M‘@@rﬂlohBﬁ Pmﬂégdécﬂ‘td' @uRd PEHER, Hal B ﬁ’a@ﬁ&ﬁ%fb%\e pictures

Ig%aéj (g'n Ol,ogp nﬁj{b%’fgal cture 1s predicted fromthe

n uent 35 picture. As Figure 4

shows, the [ ntra p| ct ure post ponement net hod gener at es

flﬁ‘g(u'ég @%}ﬁ%ﬁ% ?B oﬁ;ghtwsﬂ ggf Iggt?j;\]sgpl}g‘r'1enr’ﬁent method that

PCanh Fe208é&d 050m0v6 error resiliency. Conventionally, an intra picture is
coded immediately after a scene cut or as a response to an expired intra
picture refresh period, for example. In the intra picture postponement method,
an intra picture is not coded immediately after a need to code an intra picture
arises, but rather a temporally subsequent picture is selected as an intra
picture. Each picture between the coded intra picture and the conventional
location of an intra picture is predicted from the next temporally subsequent
picture. As Figure 4 shows, the intra picture postponement method generates
two independent inter picture prediction chains, whereas conventional coding
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al gorithnms produce a single inter picture chain. It is
intuitively clear that the two-chain approach is nore

WO 29681902gai nst erasure errors than the one- cheGTIFI2005/050032

conventional approach. If one chain suffers froma
packet |oss, the other chainfmay still be correctly
recei ved. In conventional coding, a packet loss 5

BT RPALGE aareBlPoRtel picithe ‘Pl o bufivel dararpat the
atveb-thainngpprofoh featricoe rolwvs dg=emstayasenet érooral than the one-chain

asGACA fo%g%\r%fpg)l?bdéghg'lf HneV EASA: sﬁ%?gqbé}ﬂtél[kﬂacket loss, the other

presen atl closer |
t @haiﬁdmagystillsbe ménecmelr@o@lvm dbt eanyrtionak sodimg, @Drayket loss

| Bl HAt ééuéé},e elrofBhrbphgdtioretd e resf 8f eME entet Qﬁdﬁuré |E><’r’éd|ct|on

a Cco; data unit I s supposed to be decoded. I'f DTS
CGB%'H and transmitted, it serves for two purposes:
First, if the decoding order of pictures 15 differs

ol 8B W ot Rhin SRR g BRIGT Ve, TRER cPventionaly
peesakatedewith aiditat ividpobelegodiog a1 pretentatidnaordeheA closer look
f%Pﬁm%tr'e%e& cghrio‘%o @%Eké%él‘%‘\?v”ansm ssion rate at

any noment ere the end-to-end | atency
vari es, the second use of DTS plays no or little

r ol Q?%dld;ﬁg ?gﬁsééemgqm@j |ﬁ§batessterféft§mrdgg|mef@8é réf@rence clock
DR Qe dar pait 5 utpResHrPees ERtule DTS is coded and
Ctransmgtedoﬁt defies ependspurpotas: Kicsinifthe abtodingystienof pictures
St 100 Mo P P el T By Bl oy
h&&dend,oP T& maptﬁﬂsea cariain pse-JeTodedbuiersigihehador provided
DFr%thHB reeefidn ARl isYciBse ‘%@rtﬁéetﬁjar?s?rnlés%ﬁrr%té?fat any 1 moment In

| emrent a nhancerrent nfornmation

u§8 qrks terg jae fndole-91d H@”%V@%@f&lthﬁmﬂgtqs@a@f DTS plays
Rﬂf)Qﬁ‘QIﬂ‘@I‘Ol@ﬂﬁQ@@ﬂ rddeivedidiase db@éd@d bk ligstry wésb@'b‘iowded

<Ak P 4 B ol P G s icures
stream ng systems, DISis not carried at all, because

d

¢ EEFag oP IS deberide I3 WIE bolyindficafish 39ERaPand yigeo coding
pBtandard impeet thMREGR2 Systeess, dpte (ﬂ@@l otinnadly eatignsmitted as

ABREXteW fr tih% r%h%"e'ron a3 PSGiadket. m#%ﬁmv?%ﬁm standard, DTS can
mcrerreR’tﬁeoc%Bwre ative 1o the previous eren

ppemrﬂ@ R & Aert. t of §gppﬁ>n@q{ga3 ggg@rﬁsnt ?nformatlon
S(Sﬁrjaadd it Reudedretieuoperationingeedstivral Hypothutical Reterence

< DRonBbt i 10 B8t Med EuB Y Efes a8 Sistyib 1 bwn box type,
POECBOOTIree0ta3 Harple Box. In many systems, such as RTP-based
streaming systems, DTS is not carried at all, because decoding order is
assumed to be the same as transmission order and exact decoding time does
not play an important role.

H.263 optional Annex U and Annex W.6.12 specify a picture number that is
incremented by 1 relative to the previous reference picture in decoding order.
In the JVT coding standard, the frame number coding element is specified
similarly to the picture number of H.263. The JVT coding standard specifies a
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particular type of an intra picture, called an
i nst ant aneous decoder refresh (IDR) picture. No

wGbsemoent picture can refer to pictures thatPGK/ER005/050032

earlier than the IDR picture_in decoding order. An

IDR picture is often coded as /a response to a scene

change. In the JVT coding standard, frame nunber is 5
ure in order

reset to . 0 at .an I i. Gt to i nprove error

- BafioulaR (P8 pfcdn s RILIY, S B 3 dNstRRaBLE b er Lefresn

p(leBrietdré. M é-isgbsedierdpitibte catovefeeto pictures thatdretearlier than

n t he: ' i

S D8 Botu®? i ity Ul R PR PRSRETE, dHeod Koced as a

steaponsAdRgR SCeNe qhapge. b dheiy Tnoegies Fandaye, irgee ngmber is

D e B R RSP KTRS I qase of a

1SS Qab8IPRYSHIE ASR FrPSbRes o f ke DA T BR PoWetPE I should

((j bealoted viedt taedcthe imfexrhaii@RSEnirﬁéslsqua@e(@%r:buﬁﬂvec)dihg standard
i or ver, e conpl ement ar

rg%g%&@g%e P?%ﬁ @r%ﬁ(gﬁpc%%%%g%ﬁ?\géspl ct Wes codedyas

fields that are of different 15 parity) share the sane

f LP58s BIURB N r@l!r)‘%rjréatrﬂgé;ﬂ%ba%% er‘%ﬁé‘[f)%goﬁﬁ%og{der of reference

re_éonspruc_te ame nunbers.
pPigtuies. mifdiarly othe\dV f rsamenahawerogan borisesk &0 efegever the
PUeEsUiRg lotderseiafdrhes Betviedieaf IOR! pittdrd (18cIDEIVEHBARD Bie next IDR

aBEREGEraP) 5t (ecHOR Ry dTate it besaus e i complementary

prefereree fle parsecndaecutive pictesdiotpdas éieldstthalyaehetfr different
t he.. i.C e f : he pi cture. or
fpgwghn% rw(r# Séaqﬁ%n{rre e?@%gerrbitgg'gr%@#og&'ﬁ S%r%teﬁecannot be
s senonsuctendren dheiframe nfim@ets.nunber of the fol | owi ng
reference picture in decoding order. The decodi ng

order of consecutive non-reference pictures can be 25

r 4682208 RiGH Ry NERBeT Shp Y Talrames iBRReol RPN BIAragce picture is
ebpaEiiéd td bb.e2fordl & tHNSicture ®f Wraenéhdaiberot fite pRWus reference
concept . of ,t he,. JVT codi s%aq?ard. A Erese tation. "

t PIEGPaI G95PEING RIFEGRIES ¢ he 1t 16YeFL) BOFUEIEIeGe Pictures are
r ebesenutiee itdecédingeander, they share thessgrpe pexlutecobizame number.
dﬁ'ﬁB;ﬁ%ﬁ%qe of tRArRS SO :%'n'c‘Sﬁ-S‘ererr‘Bnd:eS pic%%eailssélsgﬁ’% 89me as
a dr'splay tinestanp, output tInestanp; "an co_rrP05|_t| on

t thee piciuig. oChamengemiter afSheefptiawind referance picture in decoding

COBHITHR igeBodigt 8RSt \toRBECAR@ RBn-réfc?Ef& Bidthres can be
use. In EG 2 S terrs,‘gé'% can

ionally be "
t FRAYRI]G Beingdhe Jemppra repc] E@ﬁh@%@}gg eigmentpgd.263 or the
pRutete OtdertGeunrt (PO Hongept entthardVT E9®ng atarefirdonal |y
be carried as a part of Suppl enental Enhancenent
I nformati on WD 2005/ 079070 PCT/ F12005/ 050032 8
A presentation timestamp (PTS) indicates the time relative to a reference

clock when a picture is supposed to be displayed. A presentation timestamp is
also called a display timestamp, output timestamp, and composition
timestamp.

Carriage of PTS depends on the communication system and video coding
standard in use. In MPEG-2 Systems, PTS can optionally be transmitted as
one item in the header of a PES packet. In the JVT coding standard, PTS can
optionally be carried as a part of Supplemental Enhancement Information
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(SEl'), and it is used in the operation of the
Hypot heti cal Reference Decoder. In |ISO Base Mdi a

wWo-2dos0Borimat, PTS is dedicated its own box typRCT/FI2005/050032

Conposition Tine to Sanpl e Box where the presentation
tinestanp is coded relative th the corresponding

decoding tinestanp. In RTP, the RTP 5 tinestanp in

t TP _packet header correspopgds to PIS.. vent i onal
VSE0 eadits sl BPR SHRARaT B .o Rb st REBEARE Bocoder.
(WR)ISO:@Iasreg Mediee filet Fatmas BT liar dedic®Ed ite oamy box type,

ot aﬁ@aisc} drp'gu C‘g?o gfam%Béﬁ‘WN%tfh%rF@Bséﬂg‘uaﬁ timesamp is coded

atelative hie Begi earregrondiag Gd@Q@dlﬁg timastarep. (leoRTP) nthe RTP
thﬁeéWmﬁWtH&R$PWbﬂheécﬂ@*cﬁ)rrés'§)oﬂ@s%’Pq@t of tine

in the video coding |layer. The Picture Order Count

(POC) is specified for each frane and field and it is
uSenvehtionainliged ecodig standardicfedtemptiieaTeppedalcRefsrende (TR)

oeainBcSrenidty, BT TR Smukrge BTSTT Ay &sBhafly 1a Tome of the
maboverddnal sodiegrﬁtargi&rgs,tmmwk/ll%&@ 2o¥ideosTRearresef to zero at
S/ Séglﬁﬁﬁ%gaofnr&l@&ﬁq(of’[?hﬂr@ﬁ Q""IH fH .Wf* %Bﬁlnbhﬁgndard there

server- - Vvi a
pHcRet CaiGepht@dinddn pinevyiges ¢qd.+mg éaxﬁr ﬂ_@enﬁ’&‘r’ﬁléret @rder Count

gua@@ryt@%%eaméblfbv ea&h Feinvé eRd fldle dHak 98 uskat sitilarl to TR in
either, pre-sto t fro

C n

SehEereliRerg Spictoh ot B Sieseelsr BEmDIGHT T rresehidatan IOR
| picheeng downl oaded. The type of communi cation can be
either point-to-point or nulticast. h point- to-point
stream ng, the server provides a separate connection

FERIESION Y ¢ pedianstredms cast streami ng, the server
transmts a single data streamto a nunber of
pl ayers, and network el enents dupl icate the stream
Oﬁq multfrn¢c1|a,s§re,a@agg§¥§5¢m CORgIRtSL0f R §§fgarrmg server and a number

esf @I@lyle%le\ﬂhl@hcétfdé%gtthéhrsérOetav@eaVrﬁth@ﬂdtTrﬂﬂh@ﬁﬁcﬂﬂ ik Qypically
erver ins to

* ReSkeiar R 1L, APV G ot o 3888 b oLfARFERd quaity of

pkayicey Theeplayersdetchagither predicaee oy livé multimetier carttent from the

t ¥8r‘v%?'érgqqpféfy ! ck*\ﬁ He%?fﬂ%'k?hﬁ’é“t@e 8F1tefht |§“E5e§rﬁ§:%%1oaded

bihedypegf cpmmurapaimn £an |b¢gelﬂlﬂr|d33|mto’forﬁﬂlﬁ’ft af multicast. h point-

pﬁji§8||n?§ﬁeamr@/ hRe 'éer\}é‘?‘b%'ﬁées s eSS UorPeensh f¥dach player.
cre se transmsshon del ays or, netwgrk throughput

d HpwitiGass spPayro.dan Seasdeansits,f Sndie et siie @ttg a number
3bf Py ana HWOrkRsIE e h2H o It B steam only if it is necessary.

When a player has established a connection to a server and requested for a
multimedia stream, the server begins to transmit the desired stream. The
player does not start playing the stream back immediately, but rather it
typically buffers the incoming data for a few seconds. Herein, this buffering is
referred to as initial buffering. Initial buffering helps to maintain pauseless
playback, because, in case of occasional increased transmission delays or
network throughput drops, the player can decode and play buffered data.



In order to avoid unlimted transm ssion delay, it is
uncommon to favor reliable transport protocols in
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unreliable transport prot ocol s, such as UDP, which, on
one hand, inherit a nore st alﬂ e transm ssi on del ay,
but on the ot her hand, also suffer fromdata 5

e el o s ey oL BSB89 ettt
R‘ﬂ'rlnspcwl pedocan® tsiratetiagt systeses disteadgnshe ssystams prefer
ﬁﬁ@taﬁle {rgnéﬁ(%gﬁ%lcglstlg tﬁoésr ‘ff[SP \?Vﬂﬁﬁrh Yn Bﬁ&lﬁ?alrﬁ lifherit a

e receivin 0 associ’a
t Mase stakip tvartsmlé%l@n deta dut, ®Tdre @H‘rﬂfé}ﬁ@d, |aulﬁ00wfé&n fepm data
apamlptiyof Rsge a portion of packets were correctly
recei ved, and, therefore, it can be used for flow
control purposes. Transm ssion errors 15 There are
t WTPrand RYG@Spﬁdtowlarwﬁ bei wsecebhotop, oD Yo hddntrol real-time

- et R R IP PHHes JHphaf s ohidiclosiBhcRl 'Wanspission
radbl@etactoemsaeltr\bd:e theceornecttarder ohpacksts (m the receiving end, and
Fgm%gg& ca% OQSsaﬁﬁ@? éhﬁﬁﬁeasrtgmp‘:%\gﬁ?%éaﬁ REL eﬁt'l"(%nsconveys

hannel's; such as' radi o |nte erence
Wm@ﬁ%\’ akQutinevs largg arrartio of Reskelswergvaargcysecaiyed, and,

i ﬂﬁ@éﬁdr@nﬁc@rﬁlﬂe%bd feetlen iceRtrol purbbaesm tted data.
Packet errors are typically caused by elenments in

packet -sw tched networks. For exanple, a packet router
nAyarsciesien ecmngested; i.e. it may get too many

packets as input and cannot output them at the sane

rate. In this situation, its buffers overflow, and

s dherearskiave Madt hyzes| Afdransmissien ediops.i namelyrbitagidors and packet

p@%g BIEbIYRY %rei tS}Bi‘éiafI)E §§§6k§|at‘é6qﬁ|'ih El;lfi‘r'%uﬁfs@\f’r‘ﬁ: Hic® nnel, such

are POSSI ar ¢ typl C COﬂSI ere

béslae'@@%@ﬁﬁ"% RefwRrk B%W'Oﬂdgé@%b' eF%FHR@P”@aF'@F% %Péi/they are
akbagsdie b@&u@@ifd@:%hb%ﬂ mmr&r@tnr@m odudhhes rasiRdinterference.

LSEeE R ERne o nmeVa s il BtcEMerioRe BiaRaRI LS, and bi
addledinnaps tlaasettted thtes dlacket eadeslaBOtypataly ddusetdsyeelements
' §n z)atk&két éa/Wcﬁ'reﬂ ﬂ@tv@érrkgr B} é;?ﬁn@%saa ﬁé&?gf ??L?[b}’erﬁ%% become

he sane um' an
t QOIIg%E‘daﬂdl e. Hé maycgehied rp&@)k@ﬁCketS@(ﬁdﬁQU’( 2@ canaot o.utput them

98N EALLPB RO InTRR élﬁjdﬂ@h"‘ﬁ’é bﬁffen‘sn&bé%ﬂd)\ngaﬁ? @éme packets get

,\4%;( %%a?%gupm%tlorggmgb%\é e@eal\&ggy gﬁéf?ferg %Sfdgr thanq[ransmltted
tnﬁre a@onpaiwdr;ﬁbﬂg?_ﬁht thg%/aa;rb:tgw!cgntl@iegﬂgfdrermtoi ge less ﬁ:gnhgon than
ARt st PRk ardrTna st BRonds G 116 nilBfEitatbh of the
PA3ed-1208pHagw0BRol stack. For example, some protocols use checksums

that are calculated in the transmitter and encapsulated with source-coded

data. If there is a bit inversion error in the data, the receiver cannot end up
into the same checksum, and it may have to discard the received packet.

Second (2G) and third generation (3G) mobile networks, including GPRS,
UMTS, and CDMA-2000, provide two basic types of radio link connections,
acknowledged and nonacknowledged. An acknowledged connection is such
that the integrity of a radio link frame is checked by the recipient (either the
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10 Mbbile Station, MS, or the Base Station Subsystem
BSS), and, in case of a transm ssion error, a

WO 20065/4799M SSsi on request is given to the ot her BCHFIRH05/050032

the radio link. Due to link |ayer retransm ssion, the
originator has to buffer aral®o Ilink frame until a
positive acknow edgenent for the franme is received. In

cHlrble JERoh Ve Rabe e Blun SeoFaiBLBR ST a0gh rise of a
i transmissiaf iemoa,l atretramlsla-na[dqmgm essdgiednrtadhe dthekend of the
pFéHiQ‘ﬁﬁk r\%ﬁggofhgk I%\Lerr H&n%%fo\ﬂ “Eﬁ%O{@nator has to buffer a radio
non- ac

r gk Gamenuntl realﬁ%%tl\éﬁ @cquwledgeryeat f@ééhejéramem rpaewe@ In harsh
| Pécﬁ@%oﬁéﬂloﬁbt s bQﬁerCﬁ’faﬂlecﬁIe@ﬁo\ﬁran@Oé&%@' &@sta Ib§§3\levertheless

correction retrter ilit to restore
O h bR i a6 HarelBar ko ke BeRAPwISbSS radio fink
| ptcrtockucad)deumssn@am&@ renticesf Ar sot-ackrtaviedgedidonhgction is

L B BroieB S a6l e o4, 2 BRRERAAIIE 4" i deo

sequence 15 When a player detects a packet loss, it

R@HIB§§ S EQ@ Fﬂh@@ﬁg%rrerc?éd BPeghSHIq - L&%C@dﬁe”cti% refers to

e Init ? he retransmtted packet
biher caprbily foresiarg apt cdata deariastlpl 25 abR 109RS hegrever been

CWQﬁ?l Léﬁ@?rgﬁalmtéhtf :%alérﬂsrt@ tﬁﬁsctra@gtﬁlallltm €oWidal the effects of
S SSI u S, USi |
o Br SR s D Tatipey i Bk e, VSibié aa the Zgognstructed

sgideotsegeeneér ansm ssi on request mechani smas a part

of RTCP. A common feature for all of these

retransm ssion request protocols is that they are not
sWherbl @ playenudetectssta npacket aldsar gé maybeeqeest for a packet
Plety4Hstni f}ént BEcARBf {?]e Hricl rb%fffehﬁg N (Reh8AMEed packet may

drasti ca nsequen I cast stream ng

apgl re@ﬁ't"ﬁ@n*%e ﬁéﬁ/gstﬁ?hﬁéptjé?dowabf@ﬁm Tyt a%QrP?eC%E@I@éQW Internet

| Qt‘réamﬂ”@j f@sterﬁ@' MhpleAePO| fétraﬁsﬁﬂ@élbﬁlgr@(@tsmsm proprietary
Ve err.or

t QEQ%HFQe{IﬁeQ\}OWSN?r §g}nrég€r|1r@1n gt ! t%rq{@ ac%eﬂ?cdtllvr? %ﬂ“;msmlssmn

i necrrest iechaaisnoas a:martohIRH'UP mechani sm or they prefer

not to have any feedback fromplayers in order to

sinplify the system Second, retransm ssion of | ost
pAckasnioarigaird&r alk oftheseretransanigsionveqeestgroiosalsrisithat they

téﬁé fat letétﬁ@%ranﬂuﬁfcﬁgf nd® &l 18Ry hufbRr of rp?dWﬂé tésefhe network
g rate than non- |2:{;erac | ve error control

ods
Ae%ni Hb’iy sHIGTRRSE hABSYE!¥ns GrNSeREEN At eF‘é‘J,itqa% streammg

eapprcamnts MelveretrBigdsm Aon-mdéractse paeket IGSs et
portion of the available network throughput. In

practice, the servers may have to limt the anount of
i Poantdepoird streavningmsysterns opay alsamhenefithiromd, nornrinteractive error

control techniques. First, some systems may not contain any interactive error
control mechanism or they prefer not to have any feedback from players in
order to simplify the system. Second, retransmission of lost packets and other
forms of interactive error control typically take a larger portion of the
transmitted data rate than non-interactive error control methods. Streaming
servers have to ensure that interactive error control methods do not reserve a
major portion of the available network throughput. In practice, the servers may
have to limit the amount of interactive error control operations. Third,
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WO 2005/ 079070 PCT/ F12005/ 050032 11 transm Ssion
delay may |imt the nunber of interactions between the

wa2005/67907and t he player, as all interactive erP@rFI2005050032

control operations for a specific data sanple should
preferably be done before t heldat a sanple is played
back. 5 Non-interactive packet |oss control nechani sns

BB SR 5 i L b s RO R p A By sorver
r aﬁdrthetpﬂayerc fasi aerﬂeuamtlm|ecrmracdrrtmhsmerat_emsaimdsa spetific data
; SRR Brefbhally Beld s BEb e e et R et ISP efd bap
there are transm ssion | osses. Error conceal nent by

PRRB- |Mér@ét%e§)%icl%8t 'Iésé Oéo’thPd{ AREARMBMOrdRNtRd. caT@@&rﬁzed to
t hod tr to es corr%y representati

eft'¥ CPBYRS Oéétcé’”cﬁ/ﬁ@em ROIHPFRTND orward error
akgotrolt d@f@rsgentebahmtasnn@vmbh \a praesinittee caddyT&iRhoreddindancy to

ChbkRRe B3red i oiechivePs (3horechis ol 88 gl e vansmitteo
pdataueefent Hathedie eatee amisalissioprlodses. el rior ocmrtdealr_nent by post-
Fddé@%ﬁ?jh%n?otag} qg&’%%’r”?ﬁ’é}ﬂt gt TRBss Yk scﬁ {o! Egﬁrﬁate the

ncea e | os i mages or ree
I 5@@’@@’[ r@@fQS@éTEattﬂrb@ lﬁ@rtﬁﬂl@yt 'l@é‘-eg/@ﬂé@ﬁa until a frame
which is independent fromthe corrupted frane is

| S G bRsSER SRR eR ST p G ireR or p
I pictureer Asca cssultt bedatedosl irgone gictud chusesdviBibie degraetation in
oL PooeREieE: B8 chatatelsineRli® pisfiied "Rt B EG Aftget one.
oMiao aomrmenicatiorersystdres eeae @ither ueenasial tthe B3si ¢ udieplayed
I fha BP re@fé’?ﬁe Ia@éisc%‘ﬂﬂé%f‘gldur '6ntb§hé’%§@e‘?ﬂ L?ntﬂ% frame which

reco decodi ng order ase known out put
olsdéﬂepﬁmﬁerguf%ﬂnth%%réhﬂ'ptieg E%@éﬁa‘lqo?'v@@nveyed in the
el ementary video bitstreamin the Tenporal Ref er ence

S EhonkSitiorh dickerSortilg st erits, 1%, SeeuButdgalls Coupled with
viteeoutpatiorders treotther derds, Heemdmgedrqerrcdﬁll amddy gbictotes is the
Ieéért%h a{'ﬁwq@(}ﬁjtéﬂft ﬂ(}')rto‘&ggai&?{e 65’00%Yrﬁrcﬂ§FHer o?'a I§{b{iﬂcﬁ5r?e§irrﬁmediately

Higlewspihet decodingrisedenpt Hisulatigr refesenae p@tuare efnthepR picture in

Pbatgik Srders Oé‘ﬁ@@quérﬂlyt Res b‘é@s@%dtd“r%cé‘{/éﬁf#@r@éoodlng order based
However, sone rodJ e occur of

ki n
sBNUKNBWE QHIPULse@erFiThe ?é‘@-ﬂe§é‘¥$ iy t¥P'Pé5¥|Qﬂ{‘V9Med in the
Welecrﬂi\erﬂaryt mdeo&ﬁtstreanbenrfegT@mbsrm Refeteree. (TH), fidl@rand also in

- U R e Q0uwnes BB Foci teddTP iy 2?@%%68&%%““%&'

s videeaxiding standasethe presentedusreblean wicongt exister ence

picture. This causes error propagation
One solution that is evident for an expert in the field is to use a frame counter
similar to H.263 picture number without a reset to 0 at an IDR picture (as done
in the JVT coding standard). However, some problems may occur when that
kind of solutions are used. Fig. 5a presents a situation in which continuous
numbering scheme is used. If, for example, the IDR picture 137 is lost (can not
be received/decoded), the decoder continues to decode the succeeding
pictures, but it uses a wrong reference picture. This causes error propagation
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frames until the next frame, which is independent from

wa kw5007 upt ed frane, is received and decodedPCT/FI2005/050032

correctly. In the exanple of Fig. 5b the frane nunber
is reset to O at anlDRpictuﬂ%. Now, in a situation
i n which IDRpicture 10 is lost, the decoder notifies

t her ture 5.0 rrber after
t o sphpednd Jrdhadt ytfidas et jlathe, dr gRggRLfrom the
caorrupﬂeeirframeursereclawedaandedemdddasoroexmyr iretheaemlampke of Fig. 5b
f P36 | t: :
Eﬁeeﬁsuﬁ“ﬁ%ﬁ%béPls%s%Pt e:%t 4?1 |‘E§F§‘fgﬁc(teur§o W tlbe éa‘ &fwﬂ%&ﬂ in which
i PRefuRd0 a&dosdeﬂtﬁjé|GCOQQI @Eiﬁ%e@@ém%@ i$hee big/gap in picture
Cﬁghfb@rlﬁbaéi\‘f’ékrt%ealbﬁé’st'd& déHf et otiEl - ;ﬁ@@%‘ﬂ% CItrR:,C@BE:@der can

can enhance tenporal “scal abilit rrP &

51, 88S0me DAL A R GNBES HOSie 60 GafafiSBle the dsblay to the

I ptoanrlepPe_el ﬁrﬁtﬂdhehﬂeﬂSframepwmdhrhﬁ :jrmpghgefil ﬁpmsslde ?}Drrupted
a,whol . hout cting the decodability of the
r %ﬂeo %‘%“’%&88%03 Sn A sub-sequence is a set of
coded pictures within a sub-sequence |layer. A picture
skablsdofehdss i N one sub-sequence | ayer and in one
U‘b—seggl'ente— nly. A sub-sequence shall not depend on
any ot her sub-sequence in the sane or 20 in a higher
STheSRALEBERd @tﬁﬁaardﬂa@ubné@@é@racgub@ehad@ée @oﬁ@éptbwmch can

S e B raT Bl aabadb 1Rh B Sresal S Ehod Feture so
diteat | inteepredicdacipdias aff piclures wae Isé¢ rchﬁonsednaslalmw’mle without
o SRt R e Tesf Mo rbRRRSINEIRS (Yoence

Sub- sequence | ayers are nunbered with non-negative

| mt ﬁ&%?gu&éeaﬁé st %&iﬁabﬂﬁlﬂ%% Wi a%‘%b&écgje?]c@ layer. A

hi ghe hﬂ)ﬁert nala asrra

nQiee. shafdepigdedp Ongrsi ?%f%@e lé?raff"?ﬂwlrb‘am pubzseayeppe only.
t hedub-setfRaTdesIR ut diﬁﬁhd%mahy @mérfmlb Qedq@é’rﬁfe oe® same or
not cheg end§®-s?ﬂ¥%2c|ﬁgray%r3§§u%¥er arr]15e I3 IayerlO § canobe decoded

| mdmpendemltﬂy pf dexc@dimjl sub pequences amd pegrousl lomgytebra reference

pP%th‘é% 4%’:@ |s%¥c§‘sres 3?1&;5456‘(? . 'E)jé;[ﬁyeeggaar‘ﬁaéfoﬁ’tﬁlnlng sub-

rom Ay ers o e subjeéct
qaaquerjpesSaté&wdt ed to |ncrease al ong with the nunber
of decoded | ayers. 35 The sub-sequence concept |s

cluded in the JVT codlgag standard as 8llovvs
g\cﬁH ~eRAYe ayentUpaRse pepsRliddhe crdg @&Iaresua &15??«“9”06‘
tSabmwence We@%é%&&h@r&ﬁ%iﬂﬂﬂ%h@ém integers. A layer

having a larger layer number is a higher layer than a layer having a smaller
layer number. The layers are ordered hierarchically based on their
dependency on each other so that a layer does not depend on any higher
layer and may depend on lower layers. In other words, layer 0 is
independently decodable, pictures in layer 1 may be predicted from layer 0,
pictures in layer 2 may be predicted from layers 0 and 1, etc. The subjective
quality is expected to increase along with the number of decoded layers.

The sub-sequence concept is included in the JVT coding standard as follows:
The required_frame_num_update_behaviour_flag equal to 1 in the sequence
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13 paraneter set signals that the coded sequence may
not contain all sub- sequences. The usage of the

WO 2e079%T) fr ane_num updat e_behavi our _fl ag r el BEBEROGS980032

requi renent for the frame nunmber increnent of 1 for
each reference franme. Insteadd gaps in frame nunbers
are narked specifically inb5 the decoded picture

buf f er [ ae, | MErlsrﬂeH

" Relahetst el opoRt B9 obe Giocl BB8henc MY L okl "al suo-
Osbguences, Thearusageoofr em)dequumgj thamé mwsi modatér aemaviour_flag

NYYRELSs  the r%aﬂ%ﬁ%n?jo”théhﬁé(m\éﬁbﬁﬁb%‘? Wﬂbte{]n’ir?rﬁeﬁf 1 for each

mser% e deco
srefare@a/ﬁra.r@@wlrnﬁjea@rga@s maér@meanuntbleés ape chanked speciically in

dtrﬁ#’@éé&jeﬂ* rcﬁﬁ@ttﬁﬁf’e‘? Wae“rﬁi%@ qlﬂ%‘ﬁﬁé )ﬁuﬁib@r%‘%#eﬂfed to in inter
ne nu ) decoded PICtu

n
beq qtlo%f)lﬂ |°f5 aaP@“H@V%r‘”#ég - hervtiss, frapegicefregRonding to
f Omissirige frapud nsiethees @es hahtrdIMg ifabdy N@eretrm”rdm framhesinserted

BEU 85080 BRI SNl T o BB EP 0 e

vvio'tdhurewnta]dispesed §ube&equendecard|0®g1$eqdemtly asS|gng®hza gnissing”

g%é‘ﬁuﬁlﬁgk‘?rpfrf‘e h@é‘ ebc?EQtLﬁHbOLﬁféquS%ﬁgkdé?Etﬁéc\/e? used in inter

eugence to e sl
b@f%@@n_feééwelr@Rb[ﬁ%?tu@ﬂée%ont ains an identifier
_pic_ |d) | f tvvoIDRplctures are 20 consecutive

tﬁ@ SV iR Sfiricafd Aep indies. ARG sl sBadente tglated SEI
| Pregsagésir Ehé csubhsequidnee idfarmdtiont BEI nmeersaget ispasdoaiated with
dgiéogS% élfbea]nsa'@co%?rgq:%f@ Whﬁaﬁelé th%tsd%' ehc:]enlayer and sub-

or def he va
saeqlgempe didestiifier (B eblsmq_gdg)ngf gtlgetado seaqemeofto which the slice
|géb%gg|d of the IDR picture. 25 The solution in
93 works correctly only if no data resides in
sub- sequence layers 1 or above. If transm ssion order

digiabrrI®H fﬁitmjﬂae@éﬁﬂaﬂﬂs @hdaentlﬁiérd d?Oﬁl@dldQl fittwee DR plctures are

resided.in.s enc % decod H | ¢
| EPhEvE R FecREIE B fdor, B gaéaam%termvg st g oraiue o
balrcpiccidudpeall kn:h]aegedmomOtrmJbFstelﬁlEerpmcﬁurejemtthé|ceiher ame. If the

fﬁgl S gl‘qﬂﬂesres':&gs aam%hﬁ %ﬁg%%hééee flrétoélcﬁ)% @ decoding

resen ed on out
r arderfisoan |DBf ItJlCtLtEer t%vaml@oﬁeéub_tﬁﬁm §hf§i| dleuﬂ‘@ssame as the

C@Q!ubadf idiebicelid oMHeNDR prYfe. | ndi cate coding types,
nbers wiithin boxes are frame nunbers according to

the JVT coding standard, underlined characters
| Mdecedletioronn rwemewpirkﬁ @bﬁectlyambarfr Avsd@Aa resides in sub-

t §g%%%§ctet I%éggflsn? (%2’;09% @fsﬁus&on ordeDr & ﬁé’rset?or% oeecodlng order
and coded pictures resided in sub- -sequence layer 1, their decoding order
relative to pictures in sub-sequence layer 0 could not be concluded based on
sub-sequence identifiers and frame numbers. For example, consider the
following coding scheme presented on Fig. 6b where output order runs from
left to right, boxes indicate pictures, capital letters within boxes indicate coding
types, numbers within boxes are frame numbers according to the JVT coding
standard, underlined characters indicate non-reference pictures, and arrows
indicate prediction dependencies. If pictures are transmitted in order 10, P1,
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WD 2005/ 079070 PCT/ F12005/ 050032 14 P3, 10, P1, B2,
B4, P5, it cannot be concluded to which i ndependent

WaEPs/opiott ure B2 bel ongs. It could be argued tPEE/Fi2005/050032

the previous exanple the correct independent GOP 5
for picture B2 could be concl Idled based on its out put
ti mestanp. However, the decoding order of pictures

oPBr (0 PRuRRo R 7 R 20 B kit est I B s roent GoP

opibure BR beldagsupl ed. Consi der the foll owi ng exanple
(Fig.6c) where output order runs fromleft to right,

boxes indicate pictures, capital letters w thin boxes
1@ qosdd batasgeedithag iy previeismexample: thiencasea dndgrendent GOP

fcﬂ"@c@lﬁé“@z §o@l€icl§l=5 @bﬁQIUHQd H&l‘é@d\ldﬁr it8 QﬁJt[ﬁlgl t%éﬁl@%rg However,
arro i ndi cate prediction ndenci es
pF éﬂ% QrAghsPh tpc'(gHreéutcaGFOHgl%dreﬁa"%ﬁeﬂlerbasﬁg on output

Came@tarbps @i gibluye deintisdre dbevdehdecading WréePdns outbwt order

A ferged dbnsigdy fhe oo T xtp BFREP)yhere output order

Stureafiony left iterrightt bpkealingicatavpicturesceapital Ietnetfsewnhm boxes

tpﬁ% catd c%@iﬂﬂ}f ygleﬁf nﬁm(e?é“ﬂntﬁm b&led ét’éeﬂré(mquﬁb@%oé’&fording to

tream ng session IS
eHIQiHIVTsﬁ@G'ngaS@InFj@Fﬁ AFE ArHYS é'ﬁ@?@tepp@ﬂ'ﬂ@nt dependencies. If

E u][c?%gkataﬁktraﬁg@ﬁ]bat@mf ﬁgguﬁgaygﬁr it tcaﬁ]vi@t §é|rleh(ably detected
S
‘?rnQ'C Wé %4 §5%HEf‘ ﬁceaﬁq %I.)(Eﬁ{ %p gytggchrst or second

meKm@edenhGCﬂBmcnﬂpwumdenonal i ncreased transm ssion
del ays or network throughput drops, the client can
decode and play buffered data. Otherw se, w thout

i Buffednd buffering, the client 25 has to freeze the

di splay, stop decoding, and wait for incom ng data.

The buffering is also necessary for ei ther automatic

oPlI§amiRg |°U%”t§éYP'5ﬁ|§Mrh§‘é¢ Gnraceives Bufier dhatcisi caraptg of storing a
ardlathadly Rifge @nelR eofi @ataDSlnltlalyr eWwhans el s$&elming session is

d
BRI aerlradshot Qal RN R S /e BacRumiadiiBy. out
deatbdr iigypicalhy byfiarskthiei imeomingedaastorisfayeisteands T buffering
ﬁ%fb\éeﬁc?dmaﬁ%ﬁd cBhﬁrji S ‘Fd%a{&ﬁ %%'2;589 a‘fr‘?oé%en%ft 8ccasional

ance 1 n t e su
érquémf@orF@helaessaﬂrp|n@tww&snthr@ighmﬁcc€09$,cthﬂ ghkent can

SHgg?d@%ng?d]éﬁe%*f@@aa?go't(ﬂglléfvﬂgg g/\'btﬁgé‘rr]tg@it%gtggﬁghb{g, the client

aPps e @%%%?d% disPiain BhystaprgCasing: A W%Eqre'@tspwg data. The
ranffengg is also necessary for either automatic or selective retransmission in
any protocol level. If any part of a picture is lost, a retransmission mechanism
may be used to resend the lost data. If the retransmitted data is received
before its scheduled decoding or playback time, the loss is perfectly
recovered.

Coded pictures can be ranked according to their importance in the subjective
quality of the decoded sequence. For example, nonreference pictures, such
as conventional B pictures, are subjectively least important, because their
absence does not affect decoding of any other pictures. Subjective ranking
can also be made on data partition or slice group basis. Coded slices and
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can al so be nade on data partition or slice group
basi s. Coded slices and WO 2005/ 079070
WOEDDAAIRBOD5/ 050032 15 data partitions that arBCT/FI2005/050032
subj ectively the nost inportant can be sent earlier
than their decodi ng order i ndieates, whereas coded
slices and data partitions that are subjectively the

Iaaft ig&ort Et can bE Sggtll ter. _than the|tr nat ur al " i
c e h §aBi8F ALRES SUSISCBYY e mPst, Imppyant can'be sent earlier
r tanathem decadlipgotderondichesipdteréas opded antessana datengartitions

d A 48 CLL%%&FV% fﬁ%c[)ég:%{au%fggﬁéﬁﬁ 6%161%% %@rﬁ%ﬂe‘?qhgﬁftﬁéﬁ natural

elr
tn@dunga@itdelrnﬁducam @@nwnﬁhda@wtraﬂ@mmﬂteidoﬁgrts of the most

Pfrﬁp&?’&rﬁdsqlbe BaHd Géﬂanﬁartl%)ns? b?e Pfﬂfr@qﬂiblybﬁebf lf)@rréékgvécﬁbéfo?e their

| RFRSOHISH skrafinagon RUPSEK Bgr corieisaid Berpest impogiant siices

t badkiaga paitiignef a streamng session. Initia

buffering is conventionally done for two reasons

expl ained below. 15 In conversational packet-sw tched
nmireDecddar Buferints, e.g., in | P-based video

conferencing systens, different types of nedia are
normal ly carried in arat e packets. Moreover
pEéQ‘Q@@O%Veb@f)ﬂ?ﬁ'rtQar@f?r%&r butéeringhof spdedl databefaredt fsogecoded.

nmumrdufﬁehag reRINEES wéé%ﬂ@%@feﬁmg%ﬁﬁé Hefgﬂﬂﬁﬁ@ 5 hQﬂreamlng

oSeson b&v@aa&&mqjls oBovErDhaly i Yo' T /BESSTE Slained

pbelmeant ati on (pl ayback) tinme-stanp may not be recei ved

at the sanme time, and the reception interval of two
packets may not be the same as their presentation

i i epmngrsational panketsgwitched)mulimeslja systemngee.ot,an IP-based video

”Ebﬁl‘e?érﬁblrﬁ)ééaé/ﬂ‘g@rlﬁs Sdfﬁ@r’%?”t'y?ﬁé' an rﬁ@&‘é’e%ﬂe dhérﬁ%{@mcarned in

rrE|atyp to mal nt al e correct

r §6Raraie packetse Merepueiinagketsy pre iy H'%'Wu%ré'?g Q’éé‘éﬁ’ Wwép best-
d@ff@rtfnéltwérksﬂh@f tanfgrdueilafieeth coesant ﬂﬂ@ﬁsrﬁ@bfonadelay, but rather

i PRy, g VB o8 BaSRR e difkbhsiinsilnBhy. dfigketsnagn the
asdmleagrasentationbipldydack) Bonfefstammpy maynnd)tabe rptaiwed at the same

bﬁFn%r %ngr’t%%c@f)ﬁoﬁ{s ngﬁghpopﬁf@gga? Qy ngp er[héysame as their

rtter ream ng
Dp@eqe@tatm rrwtvat Hatterrgs rQﬁatﬁ’nﬁ)g Thysaln order to malntaln playback

&ﬁﬁﬁlﬁéﬁ&‘i 'Hé‘ﬂ@beﬁﬁ:l?l'fér‘éﬁ 'n‘i’édlatt Peéjeﬁn@ytd 'n‘iélﬁtraln the correct
uired qy be consi eray ug arger .
A

?g‘é{%‘ nﬁlm%\'ﬁm diaigrameal typiea! é%rﬁésﬁ?'ﬁﬁgﬂaé%&rasmrt
hpen@@t el ilsdetham halfizesédandl)tio crdsety emodiisl oLe Qekst eskiation.

aHerein, this type of a buffer component is referred as a delay jitter buffer.
Buffering can take place before and/or after media data decoding.

Delay jitter buffering is also applied in streaming systems. Due to the fact that
streaming is a non-conversational application, the delay jitter buffer required
may be considerably larger than in conversational applications. When a
streaming player has established a connection to a server and requested a
multimedia stream to be downloaded, the server begins to transmit the
desired stream. The player does not start playing the stream back
immediately, but rather it typically buffers the incoming data for a certain
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mul ti media streamto be downl oaded, the server begins
to transmt the 35 desired stream The player does not

waeasn79rayi ng the stream back imredi ately, bRET/FROG3®50032

it typically buffers the incom ng data for a certain
WO 2005/ 079070 PCT/ F12005/ 050082 16 period, typically
a few seconds. Herein, this bufferl ng is referred to

BRIP4 Bl A W BB s it
i buBienmgn rieitiasbufférarg pl@v_tdmtthprabylltyidaadsbwoﬂeba’ytr;ane:msswn delay
bVélf@fdn%ng ) rr?é?f%\é?r%ﬁ Iéto'?@lthﬁprﬂré\ﬁﬁéé O&ﬁgeldl} I[]t’[er b{Jfferlng in

aﬁanveréatlcamjl a@@hqa@ﬁns ayer additipandiningay ceraie tf*@stuse of link,
Erﬁh@ﬁéﬂt s ﬁoHBPbI&atlbﬁ%’ﬁér relaAs Rl s 6@@3?9?&6@0IWa units

pl ere retransm t

P UBBLRL T T Bt o HeCos GHELD BN USEod @A Ml rtfgsmitted

si?lljJstI gkilregy rneeoteivéd |hnt|mﬁaltob%éfdyobdgdl ﬁn@tplamd rtmcg at the
[0}V, s yet another advantage that cannot be

ghﬁ%ﬁ}%@ﬁﬁorﬁ%ﬁ ersatl onal systens: it allows the data

rate of the nedia transmtted fromthe server to

Vﬂ{lﬁ’al bﬁ‘ff(fi’hﬂf m‘"@trréi:ifper@e ||@nt€aﬁhﬁﬁ &gt é?ﬁ)ther advantage that

enporarl ransm-t aster or
prapmeiche alhievad inigvassatiopal syslemsart @l@«%th%ae@ rse of the

owRidi4 anmltttlﬂﬂg?ﬁi M. sekber {d %’%r?gﬁf bfhgr ?@trﬁ@ emdatafpadkets can
CBhe @Rl Beetiuad FoerimaIue EMen belred itk regp g long as

sthdwreireuve\rlbﬂxﬁf@r d@epemisnverﬂdvher andédioins Tofe fidotustoour methe data

?ﬂ%tgbrf‘%ﬁ @ﬂgg%nﬁ{)%tv\)os ésabl e quality is desired,

resu |ng conpressed bit-stream
varies. 20 Typically, a stable audio-visual quallty IS

Eﬂb?%évﬁirﬁ(ﬁ)r‘é‘ééﬁp%ﬁ@@nﬁg e{)d?'@é\/a%le Y@%ﬁhfbga& fa itf¥es, such as

I nitl ering e les a nore

aM@lie@ frBanfs OfuaR GaMtaNds 196 the ﬁpem@dd%tamgqmtw A a stable
smaamgn iwiddypret, thd bit&htebuf frey Irémjltlrfgl@bmp@éss@o\/blﬂweam varies.

b RERLCA MY L EM RO o Br SRR, §888Rg than a

buaﬁyﬁrxg qUalltyr démust mfaadobmffémtgséyalelesca snaedplbagingpaadio-visual
bitzp - \indgsd

gpelg? Sﬁﬁﬁgﬁkvé@ praéé]\@ r\ﬁ&'fshs?o gﬂeﬁﬁj V\ﬁﬂ“{?%?rﬂlpg buffering, such
c&S@f\Ude@/COFf@éﬁ@Qlﬁg ﬁfﬁ§fteﬁbt be sent precisely at the
rate they are pl ayed back at the receiving end, but

rat her the server chi eve a te 30 .
' %@8?0%' t I$eGUREN yr f{ag ghlagses /Q alg;(ntﬁtﬁsprks occur in

abamstadinustdelrite avatie mjfrstypa&k:etarﬁd digrmpeak dsit-iand packet-rates,

- BTl RARUST pahBl oS B iasin, b, packets

beaxeifuly. &acgetst ey not be sent precisely at the rate they are played back
at the receiving end, but rather the servers may try to achieve a steady
interval between transmitted packets. A server may also adjust the rate of
packet transmission in accordance with prevailing network conditions,
reducing the packet transmission rate when the network becomes congested
and increasing it if network conditions allow, for example.
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and increasing it if network conditions allow, for
exanpl e. 35 WD 2005/ 079070 PCT/ F12005/ 050032 17

woBesnTeti cal Reference Decoder (HRD) / Vi deo BUFFRHG50§0032

Verifier (VBV) Many video coding standards include a

HRD/ VBV specification as an iﬁ?egral part of the

st andard The HRD/ VBV specification is a hypotheti caI
d

typ| caIIy at a const ant b|t rate. Coded pi ctures are

t | megle\gde(g cS\%nbhﬁahagﬁ% |H{:'ILJESra ﬁhﬁ/vﬁ'\{ ?Q&‘h‘?éﬁtl%ﬂ 3s an integral

tpﬁrﬁscvfamesstamﬁard nmﬁ HRIPAEV ispesification is @ Bypathetical decoder

HRD/ VBVm &%télﬁ@ anﬂh@u’d dp@e@eéglo?éhﬁiﬁéjfflerr‘t 'g?@ 08556 data flows in to

DT DU BN AT Hlya s RTAT, TReq Lo LT e, P removed

gfrorrvtk@/vnp&hbl]gfﬁeﬂa tB@laUEcgdiag amﬁ?i/aﬂnbsl \_Nfﬁl_O@Gﬂ&Y deettle same as
t : Lficati .

DU AR R M P 1885 695! Rborcing on tr

pptﬁflle eaadd l¢walelin DeeodEnes HIRD/MBY modesuisporged oo aspecify

o b BRIALIRY L bEnR frohP Foce st andrRIhcry fecifieffties Noint of

HIROVE JRACSES shat cgﬂ@darpip@ttbate abgﬁrf%raterdoblt%tfeﬁrm fPnéymsito the

ggﬂ:ﬂDNtB\ﬁ@ eggé%tgm @gté&gg@ gbnﬂﬂﬂ)ﬂ/g\wfr{)a?%rgﬁeﬂﬂ w06 rw certaln
| S |

Bl aobiitie)r Befale & dlaing e SRbrofjoLs GaraT,oRIEEANd tevel

t bhralbbé fablestosdedddar the Hilstrehm that odefiormb tamhal eERRVIBY model.

devi ce does. However, the 20 HRD need not decode the

coded Igi ctures entirely nor output the decoded
piTeell BB, caruprisasea BRDed migiutehledfiar fohstoringecattedoditagtigam and

t Begrb&del |§tbF@%Hf1‘é?nforb§oﬁﬁ%f@édB’éé P%‘%Fe\mdéepl%ures and for

constral nt Iven I n stan

R@W@”%é’ﬁ&@ﬁj% piGturesdpfigiay é’r@%rd Jd‘edHBQ §1QvesAaiadpetween
sty Bafférs di mnéﬁ'ﬁtcﬁﬂﬁe@ecdljeﬁ?tdﬂfa@l cﬂbtfd‘d@rig déﬂcé@ﬁ)’e@l Pldwever, the

t RD renoves cod pictures, from
MR B PRt Feafde 2he Rofie SRk Bobiitly G gt the decoded
cpratmeppblaih thg HiRPatriigcheakd that thee ddeatipg of thespicturestream can

tB@ Lﬁ&fog egj BhGd S Pc?ﬁsft%]nts:g?f%ﬂ"ﬁpﬂzes 88@9@ t?ﬁdérlﬁe When the

accordin
| ihepewtisg, ﬁlr@tJQw@S aptAdeast datansireasang stpegseit 4@ the coded

t BR:tLWeClSMf&S Irf %amtbhetﬁé’% RERIVES déidfeﬁ%lctﬁé@ flo® the coded
out I ctures from g.leoFecoded

b& léﬁe }fé’ %%‘H@gk@ I8t §PMELH Oide thé’Pe’Ff’@t'Ca”y
buéé@ded)mjtuﬂe@vmto amldet:ocuéwlpmm@swﬁrert hmedlelﬁmmgwar@ of the

not 6’? ?Félse( %88%r gﬁ weh EHth&" oc::sc'e%t Bat%gﬁow ﬁﬂ) %he cléﬁeDd picture
buffer the removal rate of the pictures from the coded picture buffer, and the
output rate of the pictures from the decoded picture buffer. The HRD checks
for coded or decoded picture buffer overflows, and it indicates if the decoding
is not possible with the current settings. Then the HRD informs the encoder
about the buffering violation wherein the encoder can change the encoding
parameters by, for example, reducing the number of reference frames, to
avoid buffering violation. Alternatively or additionally, the encoder starts to
encode the pictures with the new parameters and sends the encoded pictures
to the HRD which again performs the decoding of the pictures and the
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about the buffering violation wherein the encoder can
change the encoding paraneters by, for exanple,

WO 2096/079970 t he nunber of reference franes, to RVIFI005/050032

buffering violation. Alternatively or additionally,

the encoder starts to 35 encod@ the pictures with the

new paraneters and sends the encoded pictures to the

HRD whi ch erforrrs he codi ng.of the pictures

RGCt RSB A6 S Sl an 45 enogodt. el ifcard the
c ledestsenobslea fyaIMeamrm leacode tatendimes so Heatene duldfieringyviolation
di préé the [|atest encoded frane and encode | ater

frames s

50 that no buffering violation happens. 5 Two
types of decoder conformance have been specified in

t W&Mﬁe@o&' Aecode atdG FRariet Rie %@ﬁrsp"é?ﬁ'\‘fééf FRtHeE JVT coding

(VCL confor mance) and ut ut t| forrmn
(SErORi SRbbTRE SpnIoriEaEe: (Wisk CAMTBTAAGmARY it time
beenrfossmancél (AT LUBIALY cbhf@rmaacepemésec Qtpesn of B@afmutamb have

dé%%faeﬁ%%?&;%fie%%ﬁ@rth?%ﬁt’fﬁé%?ﬁ%ﬁ@?' Bt olfer gonformance

ceefeesctad yhe BidityRD thpedédadssit ioorecomet Ms)uaoutboumr raj pictures
dESr‘?Q&TgI I'ﬂlE%ﬂle)héﬁecJR:‘éhB tlﬁclhags %“‘ﬂ)ur’ﬁ?ng“ﬂ@%re%?@el that

pictur new s Eace
aoptretsi e e%rllﬂétewwmmﬁés%pmreﬂn r%‘t@lirﬁr6f3rrr\él ee a new storage

fgbﬁéé fé10 at bn@turéhslméeaéaf TH@OGWQ%et@Jch refers to the
RD nodel doe
f}}Jﬂ model

PaBlit SE et st 37 SRR S Mesp Ay Pase o
odoesET henutpl tirhestatipeott armctwmamust aveay g bbaeqwinbued smaller

f [ . P

| R nadmRRL e B RRSR fema & RO ERK. Aol Bcnde
streamng. In the 20 frarre i nterl eaving techni que,
olgeBdvimcket contains audio frames that are not
cm\'ltl‘rlﬁﬁ/le in decoding or output order. If one packet
in the audi o packet streamis |lost, the correctly

r Ee@huadtemakmtgasc@@bmnﬁbmyawbbqgchmqula@dud‘ 6882Ing. In the

B A0 R e R B Bl S PREES i e
Rﬂié’t caysezatveaird dbtdding yopeudiutspder. fli cre padsetdntbaiandio packet
tgﬁegﬂsfé l?éét ttP(etébrrcéoglgk ectenfaed”gé 91 @cﬂﬂéi‘ﬁt ngi‘;ghbouring audio

erl eavi
| fragtmsewbnchd}arhbe Uéﬁd deli prIceaytdithe Iqﬁétawds paelketdby some sort
obt t ifermerfing). PUliaRY 'a%dlo' nédd‘ﬁ@dFﬂfPaloﬁﬂBﬁH And MIME type

transm ssi on unlts nventi Qn
specngg:atlons contain the possgity to S|gnal the maximum amount of

interleaving in one packet in terms of audio frames.

In some prior art encoding/decoding methods the size of the needed buffer is
informed as a count of transmission units.

Summary of the Invention

The maximum size of the predecoding buffer of a decoder can be informed as
bytes b the decoder. If the byte based scheme is used and the reordering
process is not defined for the decoder, the buffering model has to be explicitly
defined, because the encoder and decoder may use different buffering
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The maxi num si ze of the predecoding buffer of a
decoder can be inforned as bytes b the decoder. If

WaQ 503908 based schenme is used and the reor derPCHFR2BE5/050032

process is not defined for the decoder, the buffering

nodel has to be explicitly defPned, because the

encoder and decoder may use different buffering WO

2005/ 079070 [.F12005/ D50032

P RaRSoY Zubetaib e Tl OVas: F sied of 1BS inuftps Angyie decoder
t heesl eclouféaringusaenae luffhich trgnsimission umtsrvlare:lstored to the buffer

ty ﬁﬁﬁfﬁ‘esahf liF% 3 |§%ft%?‘[‘he§t {e*kﬁﬂ@é{fﬁﬁ% mogea%m the
r bu‘dereand rdﬁﬁoplﬁd Tbaf Nnd ahgutiedra evay mtIORgefdthﬁn necessary

bUE{sRe tRYdEBYCihG$s stapie@er than necessary 5 before the
decoding is started. Another possibility to informthe

maxi mum si ze of the predecoding buffer is to use
t AaptergRiseibilinitd infotrheheinmaximeanssize affthé peedudodeig beffer is to

0SSP ESS O s e PR e, o RE el i ybfthéd abnaimum
t ABnesin of itansoiggtion siniietto def buiéerednlomeyes, the xinhigm size of
rfé“ﬁ §r§|s§ﬂ)rﬂ}h L idTRt dé/fﬁ{é& ar‘nc‘i tﬁehﬁﬁg%?'tﬁé‘ Wﬁ's%ﬁsé@@ﬁ ©nit may

Sl ze | S
daa%y Jhithe madmysn élzﬂnwerﬁdé,eftn@db@ncajuvath;eeélaaqt%tqmlsmall for a

t BaRaiANGatd "as Nhesidat Wit ,hawhlt& hod rtsmaaéemt@nm@% NBan one
and transm ssion,overhead i. qggr?cre ses

UApF LS VB TG TeRRgE o7 G 3Fapiasion overnead i.e.
c dgpdeaxses ythe Iéompreseimxi efficiesicy earaf/ot ircréasass systerm nomplexuty

5 BRI 36 B 5 GAOUAIIMNEL L RnohBed S8k SdRrChnerei

t he “"bu unn essarM?1
i Hectotal@ice hfethBLHLfffar MRAYzloe ugne@esaa@ lecge.hat t he tot aI
size of at least two transm ssion units is defined
and the nmaxi mum buffer size is defined 20 on th

bisthe present invandiondhedufier sizgiis definachse Hak ’E’ﬁ‘leaio’f%'l%ée of at

It teeféwm@@ramﬁ@ciﬂf MnltéA B déflrrd éﬁ@tk@cm@ﬁiﬁr‘ﬁurﬂ kﬂﬁftetv\/@rzb is defined
ransm ssion, ji ...Accordi ng to .an r._aspec

¢ RBBP e8dix 8 okl 5172t o 2Rt O Fe HED KRGy £ necessary

uto takeusddacaounha nedivorl tsanomiseiontjittert ot al size is a

fractional 25 nunber of the necessary buffer size in

ternms of the nunber of transm ssion wunits. According
t ACs@iding alfotaneithers @specofoft e ppeasent inNeelian oihet Hwmber of

gyﬁ’ﬁﬁ@st%fon Un?QSLg%éo: 'nﬁ;r’[hég%%l&gﬁg@ﬁj dfnth'i’-)h?otgFrils%‘@bI fl 'aoﬂactlonal
I ze | [

nQHEBb%rC\? B%fr\egreswyebqf{?rt%%w B?rn}sh@f ﬂlﬁrﬁ%Wbe of transm'SS'O”

t yalsm ssion units, wherein the fractional nunber is

of the form1/N N bei ng an integer nunber.
According to still another aspect of the present invention the number of
transmission units used in the calculation of the total size is a fractional
number of the necessary buffer size in terms of the number of transmission
units, wherein the fractional number is of the form 1/N N being an integer
number.

According to yet another aspect of the present invention the number of
transmission units used in the calculation of the total size is the same as the
necessary buffer size in terms of the number of transmission units.
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According to yet another aspect of the present
i nvention the nunber of 35 transmi ssion units used in

W0 kwsezotul ati on of the total size is the sanePGEBFRNNS/050032

necessary buffer size in terns_of the nunber of
transmission units. WD 2005/ 028070 PCT/ F12005/ 050032

20 I n an enbodi nent of the present invention the

nunber of transmi ssion units wused in the cal culation

of the total size is expressed as in buffering order

ofn ahhembodinemt séitbe preserd. invidrdidnufrieenumbeoofiéiansmission units

Lg%% ér'ié’ cb[&ﬁlé%@ﬂe%f d@?ﬁp%l@é%%‘%%ﬁﬂe?%&%{sﬁé Btiffering order of
bilfe elramgmissioge runits. t_ﬁ@epbéﬁémﬂjeﬂrcgﬂf felptesTHe the order the

i ﬂ‘éﬁ%i&\'bne[]ﬁ@é @fe %ﬁfféﬂédﬂm %Bedééo%)%r%r 8880diR§ 9ie/ kR buffering
buf er. to oder In the follow ng, an

éth”e‘hPred@@é%rn%wa%rs of pictures froman |IDR

plcture (inclusive) to the next IDR picture

| Tt dibeiee e Biesee o, BoeRifg fllier o e dgpoder

reqU| red bufferl ng, i s proposed. Several units for

codec?O ctu és V}‘E?g%eeﬂo%rﬁlgékl%ﬁfn%%ts ngl@fL{rQQrfrolPrY‘éﬁﬁDR picture
DC|UﬁiV?§t0 WW@B&?}R@(@ (fClysive) dﬁd’@cogﬁg(ﬂrﬂﬂ ng the

anmount of disorder in duration causes a dependency

o 08 L A e e o it e B Agount o
I reduyiteeis buffering hés tpmpsaeds@memlt unig efor SSLLUH parameter were
E0ab Belst b, bifes, (hak MARRCHARRY WA WA i Y types
byt BALvmnitsd and é:hU? packets or paytoadst Specléylng]mamwnt of disorder
t frfiaﬁfﬁtlro% %a e%@e@@ﬁ&é%e)} Meﬁ/ﬁ?émﬂ{e ¥rﬁﬁsm?s!sﬂﬂ1"‘blter9te and the

_ xceed S approach requir es
| spegfied ﬂ“&ﬂ%’st%@%%ﬂ? the sRAAred SENGMIO! QuieRpara bytes. As
atrsDtrafSMissR repie eatbyis Mot @ehéfe{ll?r@mn L (52 Uﬁreﬁronfb't{sed approach
serve e_anount .0 or.der
o6 Dol Specty e aMPREY o5 lisdraa i fumBer 8E Btes wouid
sieqplie #leé transmitter|toasheny tinet adsrhited stezaod esesefuliptsodthat the
n@@nﬁ%’cﬁ’ol it thit ABLIL ‘?\E)Y 5 'é3<%e8 8” gL V&bﬁﬁ?&({ﬁ%ﬁﬂﬁeé‘ a lot of

resolutron to ac I eve
bpchasswg wawerrfé@r@\ﬂikwaer& rhfewouléloaiam mngrejéraemfymg a buffering

Spesfidryior Berbersampesiiyifg tHbSAnEEAt b dRGTRET ir0Eoded pietures or

packets, was not consi dered as appr.opr) ate, becaus
d "BMSSeift 193 5081} 2aghite§HIGE B0SITRIR et/SenHYer, V§19 ‘method for
depesdbragthan dohaopsapmﬂtlarbutmy wiick ardeding ivesisd réguBe a sub-

OPRiwPlasBREER 1o Rehya@ Wil ] Rk 2, ARG B sty of the

odecoding rozdei. ISpegifyiegvibe karcound afi diserdeFor numbanpf &TH packets
r et | héff cég?@gréoo%g' LhOpriatd, becRBeS Bt {yBes of aggregate

t [)gglfets may exist dependlng on the prevailing network conditions. Thus, one
RTP packet may contain a varying amount of data. Different SEI messages
may be transmitted depending on the prevailing network conditions. For
example, in relatively bad conditions, it is beneficial to transmit SEI messages
that are targeted for error resilience, such as the scene information SEI
message. Thus, the amount of disorder in number of all types of NAL units

depends on prevailing network conditions, i.e., the amount of SEl and
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that are targeted for error resilience, such as the
scene information SEI 35 nmessage. Thus, the anount of

waelz®sntero i n nunber of all types of NAL units PUBPRAGH50032

on prevailing network conditions, i.e., the anmount of
SEI and WO 2005/ 079070 PCT/ Fl@ﬂ)OS/ 050032 21 paraneter
set NAL unlts bel ng transmtted out of order.

of NAL was not_see as..

h f
o BRHTLRET set Nk, WS Reisl oty MRaide B THESHEvAl types
obf NAloudits” was motissenval a\ghodninitseittees. Consedesrety, apemfymg

: ﬂ?e g@?ﬁj ngﬂfé éﬁfg'r %@fz N;NL bﬁlt? sldtggedssr@éjreg rhé the best

dattarq@zam MQin;NAloMnéﬁdar@f dgf@mcéméhﬂa}%rogdmmétandard to be

PEORES ShcdatadBd 8htd Sartifind, QJr'e‘hW #Gsequence markers.
num reorder-VCL-NAL-units. It specifles the maximm

anmount of VCL NAL units that precede any VCL NAL wunit
I Thehprapaskdt patanestar iip AL followingle Inuvrergoraea/ICLaNAL-units. It

s
paok e masa tearhen NA ivery Qicer ploge e
pﬁﬁﬁmﬁ} B&[W%q%n&é’WﬁS@r Brd&" oPRh W'coﬁﬁfg%ﬁ%ﬁeblrc’éé} of the

announcenent or as op {1 ona
Tﬁggmg@@@@@@cbgtr%@@rng the \ah NAIdHBAt o decoder

capability or stream char act eristics or both,

d d h d the ph f .
i R TN AL A ————
b IME ’a/!pecnrdidmg\cemehher as mpltlenalo@IDP\ﬂEﬂdé\IALherndpssed parameter
o PR TGl A er XBcaRAfy ol SHARF KhBIFd s Bf tiin blpending
banitee ipngfoaeirnd theqeifisecafdhe seasioniaetumpeasedus.el v,

speci fication of decoding time conformance is
pro posed. Decoding tine.  conformance is specified

ud NBPUTeR B7s Hfsﬁlt?}’é'iertﬂh‘l”? aeeargingoigetner M4 -rgoede e L-NAL-units
ﬁakéam?et@r canabtad spedifiéd bbbuwfa@él?,ln bytest @ bﬁierﬁ@%ﬂlbﬂ\ﬁ@e&gnmg

o BhresiNeS ikte 16t EEltBrofvmahy fedliPridtis 20 aowh acourately,
c epédificationo of heecoxliey . tiMbecempfeonénea iby patdosedcdDecoding time

gﬁéﬁi%rrmﬁﬁgglls %&E&W i85 Lféﬁ‘rﬁq a t}k?ét-‘r’cap%ﬁ[eyngjrgé&% otfﬁ{ ﬁges not

reor ransm ssi on oO .
daseimnag @paétranwntﬁdmt rate, bt @then geqiitest ek mtieaming servers

'rgﬁgﬁ |F1<§1u889theh¥r][¥5§femecw ggéragg@%ét gﬁ]e t%rhéér%'ﬂﬂf}gﬂt I%c%ktelt stream
GEQEIorBRdOBYeSPRe. dREBCI SHRURPE R By SRl SRaoths out
I bosﬁbwmurglyspddk@t rdtbéandme@mder@rNAarMn&hSmnb@ransmlsswn order to

ot o0kl oPag 3o BhelPelidd CofisRy el e il 1o the

uhygpaibetisalgremiosies aba ednbiaid bé ragtecodi ng, as

In the following description the invention is described by using encoder-
decoder based system, but it is obvious that the invention can also be
implemented in systems in which the video signals are stored. The stored
video signals can be either uncoded signals stored before encoding, as
encoded signals stored after encoding, or as decoded signals stored after
encoding and decoding process. For example, an encoder produces
bitstreams in decoding order. A file system receives audio and/or video
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encoded signals stored after encoding, or as decoded
signals stored after 35 encodi ng and decodi ng process.

waoa050%anpl e, an encoder produces bitstreans PGCI/FI2005/050032

decoding order. A file systemreceives audio and/or
vi deo WD 2005/ 079070 PCT/ F12088/ 050032 22 hitstreans
whi ch are encapsul ated e.g. in decoding order and

FBRSEB8 s ot et KRR 2 080 s a e
s Urbjaelditione thepencoaec eandf thehélepsygstame saanorotidte umetasiata which
, ah At I -
SRS s BSRE EBTafce S REHENTEE: ahd Rsi e, contains
sinfeamating oar seb-seqaneneesl {Her &g, uhe dJilenean be stored into a

eﬂﬁ?éb%@bahérﬁ hemch nbosﬁ@?mﬁ?;‘%%tr\?er RaROFEHA GhE ONAE unlts and

Optlonal adat a ta connection |n u
O Bhbana iafabpTLinte A papKerS, AGCORML i L& BRiotH daetagta and
t tre aatfak@irmea&tubﬁem est, fHeostréahﬂm@mdem@amhﬂﬁfy thenmremission

t
2B S BR°  HP 5F, E 588ER ! bl ey suo-
RSeqpendes, sleaide wba’eSEém&sﬁdgesjwlldabedramttedl ifyanyt etc. In the
g'f%?eegwﬁgtaeﬁdﬁﬁe FﬁTP%ackaS%r %‘r:é;t‘:é@glvl'élbs%ﬁra;Qﬂ?%rtetdgg?ﬂcaﬁVﬂh.e NAL
depdeiare first tapsdaiedeinte wofreet pederoanh@itgedeat Be Bt Haits are

| HERrEre@ o Hie d8ssddrbed by using 15 encoder - decoder
based system but it is obvious that the invention can

also be inplenented in systens where the encoder
offupthesmared it tlae Sofidveing albsdriptien ahé onvemtibhes described by using

Ogﬁg&&b@%\&coﬁg?tﬁﬁggg%@ gﬁ%tnﬁ [)V"oogj§ Jh?t ﬂferﬁWg n can also
dbedmpiemented inesystems vmetrerthet@mef lpeitpuis dand taarasmlts coded
tﬁg%ggbfh%r%ﬁﬁg)rﬁﬁ agiidh hésa %ﬁ@éﬂﬁ{ggef\@ Mint Qedd¥fing order,

d according t prese

f 85—1
W@ﬁ@ th other gompanany reerdest the soded data fm@tthp@codmg order

bttf fbtrzerdes atelf ioneerdsotidabdédidi@tialitss rgstd@feddform to the
rTaast two transm ssion units is defined and the

?ﬂﬁﬁbuffer size is defined on the basis of the 25
t ot al SI ze The system according to the present

' Fﬂ‘l? cﬁrﬁmﬁpﬂ the B@rgﬂﬁﬁf&rﬁiﬁ |bgb ‘Erﬂﬁ‘ﬁlxt racterized in
er co ' ses
b aftélﬂe @uﬁer sigetis define@d se dhatl theitoial sizef atdeast wwdransmnssnon

t uARSd %J%hﬁéb ‘#’r‘lbttﬁe' ﬁaﬂi@rﬁurﬂe&ffe@@zé he qaBrddrem el bfis of the
size i s on the basis of the total size.

5,| The
eFR?%'desﬂzeac BPdusMﬁeffb %%’r Pgs &t then\REpsesn ifuention is  primarily
pehamictdrizedhiartaat eid spstehm firttasr dinpiveseaciedierr for défing the

CBIBELRES 06 OF oo Bl N DAl 18 b cefnc
uand ghesmdeimume doudfed dize israefinedndouttfeebasis of the total size. The
encoder according to the present invention is primarily characterized in that
the encoder further comprises a definer for defining the buffer size so that the
total size of at least two transmission units is defined and the maximum buffer
size is defined on the basis of the total size. The decoder according to the
present invention is primarily characterized in that the decoder further
comprises a processor for allocating memory for the pre-decoding buffer
according to a received parameter indicative of the buffer size, and the buffer
size is defined so that the total size of at least two transmission units is
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size is defined on the basis of the total size. The
decoder according to the present invention is

w@eriovardorey characterized in that the decoder fRET/FR05/050032

conprises a processor for allocating nenory for the
pre- decodi ng buffer 35 accordf@g to a received
paraneter indicative of the buffer size, and the

PHeiftq aBoife e SLIT RO 5eE I obifed Bh Mo Hsbl & thd'total size
PTheFira085it6g08avica 3acedrdmed tanthet lppesenti mvanbiohf & primarily

Sbﬁ&rdc %E' RefaPthd BantARtR evﬁ fL}rﬂ'Fe?lco?ﬁﬁr%m NSefiner for
Skl ?@*g g el

devl ce acco resent 10 )
|§ebmlngﬁhe|b;dffe&ﬁaeaﬁﬁmti@jt al w%uof dea&témgmetrlsnh@swn units

d%VUQ%édJ%lhBecheCrﬁH?MLﬁh r&:f%r%@ié 'I'Seﬂef@éd oﬂetfh'enbé‘sﬂs of@he total
uf fer._size so he total si Zﬁl?o | east

t WO
t?gﬁsrﬁré%lr%ﬁ‘?'wﬁgt e\gcqe SGEef H%doa tptﬁ%serPéx'lnﬁﬁﬂﬁ'%f'? dyrimarily
s chaaracteritetiiinedatoihet deodies fuartradr donsprishighl prsce’ssorTBIGallocatlng

oA o B, e R B oo RFERD BNl peFameter

cndicdtiveryf the pufeesizer and theablibernsizeds defsmast so that thadotal size
PoEatRERAINE tPé%Lsfn‘ﬁ%s@ﬁQﬁﬂt@' @%éfi‘ﬁeg érﬁogﬂté’ ﬁ?axﬂﬁﬂﬁ”ﬁﬁﬁér size is

i ndi cat1 ve of er Sl ze er size 1s
deefineg oadherhasis RE heotoial size-eThey Spitwate pegkam; ggeording to the

t prdtaimt ﬁﬁﬁe‘hﬂoﬁnédbﬁmlaﬁlyd@rfarﬁ@l@rléfé@tli hfattﬂflt&élbﬁﬁéﬂ Quéf%ef.ned )
I he SIS . 0 e ol a S| Ze.
sh?%?mﬁueet%ﬁﬁ il sk vy teRe MR ollts; e, Slefifggs and the
|dmep<nmtmr busfelc lszzleajst @eflrmblon rthtah@etsus loé theftbial skdez €Thes storage

tiot
{ Fladif Abordifg 1o B SraBht BBRION € bl chifhcterzed in that
sthee bued sizienisddefinedneo lihatl theototalhgize wf at Ieastetwor_hr@nsmlsswn
SLARSYS déﬁ ‘Hﬁ%!i“%h%%%&ﬁ*ﬁu B&f%f‘ﬁz@ﬁﬁ%%[} ?dfi WEHe BBsis of the

is prlnarl aracteri ze er sizeis
d&inhdige. thQ RIACIORE doyice a§¢%€”@f"°a¢f‘elRiﬁ%?”tt'ﬂbe”t'on is primarily

t ERARRteTedNin gmﬂmelhéle@ﬁrbhmedeﬂﬁﬁ ﬁuhlﬁeﬁ&?@nﬁfbﬂﬁe@uéf @&finer for
ed on t t he ta
o PBERPG RS bBET <28 A0 Bt i, Tt srd Spaiidt tihiEnetlision units
| ﬂs pefimed iang thehaammwnlm&iérlsue s tlefimed ehettter lpasis of the total
Pce further conprises a definer for 20 defining the
bu

er size so that the total size of at | east two
transm ssion units is defined and the maxi mum buff er

S%ﬁsiltﬁtlﬁ@%ig‘hﬁﬂm@r’[otdﬁ Do Pbrdeh enfb Ahath on, Wi #h8-video bitstream

SHr dresatiestnithe falBving ascordid tog%?rg Y agesys eaihosiment of the
Pfes‘e@lt ||mvnrm|@na¢0medbd@gt©rdm Mdimdet FDON)sindichted tendiecoding
CRRRS bR BtettemeT e OB HAL, HHE8 ing decoder.

oHeeeinafher d]ﬂ)N\jsmsomartodtfe ané-birunsigned integehwithout the loss
d‘éFgQﬁérghtﬁre?'[f@w &%L ﬁmf‘%%%?%n‘o%?ﬂ Bf &Rafhkt NAL unit

2. If D|1 n<t% e,:—End D2 D1 < 32768 or if D1 > D2 and D1 — D2 >= 32768,
then the NAL unit having DON equal to D1 precedes the NAL unit having
DON equal to D2 in NAL unit delivery order. If D1 < D2 and D2 — D1 >=
32768, or if D1 > D2 and D1 — D2 < 32768, then the NAL unit having DON
equal to D2 precedes the NAL unit having DON equal to D1 in NAL unit
delivery order. NAL units associated with different primary coded pictures do

not have the same value of DON. NAL units associated with the same primary
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of generality. Let DON of one NAL unit be D1 and DON
of another NAL unit 30 be D2. If D1 < D2 and D2 - D1 <

wa2n68790nr if DI > D2 and D1 - D2 >= 32768, tPENFR5/050032

NAL unit having DON equal to D1 precedes the NAL unit
having DON equal to D2 in NAB4unit del | very order. If
DI < D2 and D2 - D1 >= 32768, or if D1 > D2 and D1 -

oPafed Bt ip Rt oS A kB dir e BR pitgie! E primary
ucoded piatierdei vareyther sleme Vdhle ahDGN aNAbairatseaf aviredundant coded

VI EE s St 16 PHinBrg SOHE8 (i Bhoild Yy b 1o S8R value
ppf PRIy agthe dYAL onds v tirecprimery geded gucare. dhecAedunit delivery

prdéHcﬁ NmYuhl@é/ﬁa%hQ tﬁé‘@ﬁm‘éﬂkﬂ@e ef DANis ﬂ)lfefé\JablyNﬁle following:
icture have the same val ue

nits
of1 B'WLG qm'i”?'ﬁévrd\ﬂ&auf‘ﬁd'ﬁﬁaﬁnt coded picture
agsoci 8eqdentd patdmeter o ALeditedif pngt ure shoul d have

t Qe sa I of nits of the primary
coded Eecélt’ @arawge@lhﬁﬁ'wg‘%ﬁ%@ry 5 order of NAL

udi ts BEVINAY- umits, sfaany val ue of DON is preferably the

fallo Pi uni jef :
sBtuengded e B M Rt Belor AL his grliySthiiary coded
par ameP&furgelf 8QNAL units, if any 4. SEI NAL units, if

agy 10Cadefadied Hld §|%ead@ta5;barﬁﬁordwa_ pAS of ke ré¥indant coded
units of . the Erlnary coded picture, if any 6. Coded

slice BIGH'EPiEBNYata partition NAL units of the

r gdundiitier datteNALpinitspifesy if any 7. Filler data NAL

ugi ts, S ence NAL unit, if any
9g EndEln;j o???g&én%&l unlrfﬁf fefrﬂ);ny The pr esent
i Bvent Eod Qfﬁtjeav‘eNALhmltblﬁfamyrl ng efficiency of the
coding systems. By using the present invention it is
paossi ble to i nformthe decodi ng device how _20 nuch
piéed%ewtr\@vamémnﬁ@vesst I%’f kg, efiipieney of the ¢gling systems.

| Byn@imgeé pressahi |ﬁ0éhl$omf§pﬁﬁlméytof@fbrmhﬁe decodlng device how
pr e- gecodl n uf fer.than.necessar

breatodto SRl it irey.” Jb8Py B8 s o need to
aatbmcdﬂel moE@smempty dor diie tgre-dacadinggbuftér Fhan recebsawy in the

ABESGD dBvitl. AIdeS BHE-BbYEdihG HRIMeRbyvafRWAEAA b YvBRiaaTe:

Description of the Drawings

Fig. 1 shows an example of a recursive temporal scalability scheme,

Fig. 2 depicts a scheme referred to as Video Redundancy Coding,
where a sequence of pictures is divided into two or more
independently coded threads in an interleaved manner,

Fig. 3 presents an example of a prediction structure potentially
improving compression efficiency,

Fig. 4 presents an example of the intra picture postponement method
that can be used to improve error resiliency,



10

15

20

25

30

Fig. 2 depicts a schene referred to as Video
Redundancy Codi ng, where a sequence of pictures is

walzopsd®d74 nto two or nore 30 independently cOREHFI2005/050032

threads in an interl eaved manner, Fig. 3 presents an
exanpl e of a prediction struc@re potentially

i nproving conpression efficiency, 35 Fig. 4 presents

an exanple of the intra picture postponenent nethod

that can be used to inprove error resiliency, WO

260Qf. 62006 HPCT/ HisR0es /Ao slpri@sarEngmbefiagactesdies for pictures
di scl ose di LA nunberi ng schenes for

pi ctures gﬁggﬁgg%%gaéﬁégggbkreanl 5 Fig. 6a discloses

an exanple of a picture stream containi ng sub-

sepaces alsclaear ah dxathplébofli $ChieRRE afte8MPMBINGaIRING sub-
a plcture stream containifng two group of  pictures

ni
havi ng subSSEYeRTRSR '%Yerlgyer 1, 10 Fig. 6c discloses
an exanple of a picture streamof different group of

pLC es, Fi 7. dj scl r e | .

oFid 8E° s PldinsbsmrEFnG RS PIEeCsi bR SoRlaifing wp aroup o
1, Fig. 8 ¢mhiresdhaxingsilasecigpmes andyefilrent of the

system according to the present invention, 20 Fig. 9

depi ct s an advant ageous enbodi nent of the encoder

aEbBgi ng disslases an exantple feathigHre strgam of ¢iffgrent group of
an advant agp@ywssenbodi ment of the decoder according

to the present invention, 25 Fig. 11 a discloses an

exanpl e of the NAL packet format which can be used

WFigh 7t he pdissosesi avethei eRamipiley .of 1dl pictdies streams containing sub-

anot her exgga%gngésétqg%w packet format which can 30

be used w e pres I'nvention, and Fig. 12
depi cts an exanple of buffering of transm ssion units

| Bilg Pr ed?@gf&% aR Wdh8htag¥Bug U &AL of the system according to
PCT/ F12005/ 050032 . )
the present invention,

Fig. 9 depicts an advantageous embodiment of the encoder according
to the present invention,

Fig. 10 depicts an advantageous embodiment of the decoder according
to the present invention,

Fig. 11a  discloses an example of the NAL packet format which can be
used with the present invention,

Fig. 11b  discloses another example of the NAL packet format which can
be used with the present invention, and

Fig. 12 depicts an example of buffering of transmission units in a
predecoder buffer.
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26 Detail ed Description of the Invention The general
concept behind de-packetization rules is to reorder

W0 2ReTH0EEi on 5 units such as NAL units fromPCT/FI2005/050032

transm ssion order to the NAL unit decoding order.

The receiver includes a recei%@r buffer (or

predecoder buffer), which is used to reorder packets

fromtransm ssion order to the NAL unit decodi ng

order. In 10 an exanpl e enbodi mrent of the present

i nvention the r ailed dription géthel tiam terns of

nunber of bytes, equal to or greater than the val ue of

a_deint- buf-size paraneter, for exanple to a val ue

1 Therganesaleangepbbebiedrde-packefization NWIKE ipde daetder tranggission

r Gﬁﬁ% \SBIEh MY NALS @nkt@kRorR U drii88loh WBrdbF 3 IA: AL NIt decoding
jitter into account and either reserve a

SQB§¥ate buffer for transm ssion delay 15 jitter

buffering or conbine the buffer for transm ssion del ay

L 3hb Tarl b okaos R el ol f5, ¢ BRYSKERET bR T Mfign is useo

t hereardet packadsifroer jrangmiéssiarceides to sheNLL- Unit decogindlairder. In
uﬁhtéﬁngaléeé}ﬁ&édl%n‘?rdﬁpe adﬂe\?%ﬁthlﬁvéﬁﬁd rec?e@vé?% ffer size is

units o atlon packets are
s 66k & terAtsoot Membeeekbyies, %qnal P or geatedthan the valee of a deint-

Véhﬂﬁz@fpd?éNe'tér Cf@ﬂ é%élﬂbfédtcﬂ@dvélb@rﬁg A th”e aéﬂue Meint-buf-size

Mpﬁ&ee?re@éﬁét”af f}@tquh\{e(rgnayzg saat,agal ugfprlng for trar?smlssmln delay
(jitereintee avcourtden bitharresetver a separie Huéfer foresansmission delay

TR e ATR W chuE- Bl 15 LARLRLSEEURIA i with the
t repeivarsbuiter (antbheace feserve@ysone \additianal wpacei ior delay jitter
dBPﬁQﬂiﬁ%mh@erécell/ér %mer?)_ar aneter is not present, a 0

v nunber e

al ue coul d nplied. 30 When the video
streamtransfer session is initialized, the receiver 8

arl'h@Cr@téﬁfer @ﬁﬁ@éMnécﬂhlrfghRIAlLeGmts/Irﬂ%d@;p‘hbﬁforﬂeil intérthe receiver

| east pi eces
- bEEp0 s ol A 7 of coiPudlion, Palie S eeantoss into the
stexr@serttbﬁfernmhmdwaﬂly.\]ﬂhe MAlueuafi DON st calthlatedeard storgd for all
beA itsihe initial buffering lasts 35 - until at
rN pi eces of VCL NAL units are stored into the
recel ving buffer 9.1, or WD 2005/079070

PEEr&ERERO5186R0BE thé’value of the optional num-reorder-VCL-NAL-units
parameter (interleaving-depth parameter) which specifies the maximum
amount of VCL NAL units that precede any VCL NAL unit in the packet
stream in NAL unit transmission order and follow the VCL NAL unit in
decoding order. If the parameter is not present, a 0 value number could be
implied.

When the video stream transfer session is initialized, the receiver 8 allocates

memory for the receiving buffer 9.1 for storing at least N pieces of VCL NAL

units. The receiver then starts to receive the video stream and stores the

received VCL NAL units into the receiving buffer. The initial buffering lasts

- until at least N pieces of VCL NAL units are stored into the receiving buffer
9.1, or
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- if max-don-diff M ME paraneter is present, until the
value of a function don_ diff(mn) is greater than the

W 2106/07970 max- don-cliff, in which n corresponeESI/FROESNE0032

NAL unit having the greatest value of AbsDON anobng
the received NAL units and m €brresponds to the NAL
unit having the 5 small est val ue of AbsDON anong the

d | I feri h .

| ek aetotatl Mkt Rhramelihis mssseneutl eVl $R3 function
val worofdiff( ITEI’]))pBI gredteii rthan bilfe- tvialee MfMEhped@mdifferin which n
Th

1&#&%&%?{? ﬂ’t%kkb‘l_; Hﬁlp)‘la{/lgpfstﬁgﬁq% o 8§I|u¥e c%{[%? N _among
DON(th$ r@ﬁalvadj\l(my un@o&od)m@@mmp T@othed haﬂlng the
m“(%altes@@éh@of%s‘[bl(\l%ﬁ% é’%};’ Nd YRR u

Dm(q{gtlllr}ltlzz @%{%ﬁvg@@gﬂ@@ f&n}ﬁ%@}q @4pn eqy@N sg?ieater than the

32768 ue ot sptfon@mnityoufHON MIME paradfeter. DON( n)) 20 If
(DON(mM) > DON(n) and DON(m - DON(n) < 32768),

don diff(mn) = - (DON(m - DON(n)) where DON(i) is
tﬁéederafcimrrﬂjpmmlfé(m nhjlstmewfedafefomw\wwnl t havi ng i ndex

iip {ﬁ b@m]@ q A positive val ue of
don goﬁﬁ r?l nd ?:nat eS‘th fhe NAL unit having
transm ssi on order index n foI | ows, in decoding order,

t herf M@Nun L [b@Nl(mr)gandd DNy sacgn(rﬁm%?ssﬂfxt hm ﬁ&L
ec order nunber o e

unlt ’F}éfﬁ&é’é‘i ﬁ[g&{' @825\11( nd to 0 after 65535. In

ot her words, AbsDON is cal cul ated as follows: WO

20 F 2

coﬁfzécut %8 I@N &1)2%)5 |gﬁ§ ns[r)nés gb?gg an: et he

ver ydon raditf(m,RAE 655%1@00#(5!)3115)@%4(0)1 order (whose

index is 0), AbsDON(0O) = DON(O). For ot her NAL units,
sDON is cal culated as follows: 5 g

DO{HBON!«B%S@@HXH )=2NhREBNOM DQN@MWJ 8¥BO\I( n) and

DON( #on_-diff@Naim: -{DEINES) + 65536 - DON(n))

If (DON(m) > DON(n) and DON(m) - DON(n) < 32768),
don_diff(m,n) = - (DON(m) - DON(n))

where DON(i) is the decoding order number of the NAL unit having index i in
the transmission order.

A positive value of don_diff(m,n) indicates that the NAL unit having
transmission order index n follows, in decoding order, the NAL unit having
transmission order index m.

AbsDON denotes such decoding order number of the NAL unit that does not
wrap around to O after 65535. In other words, AbsDON is calculated as
follows:



10

15

20

25

30

35

AbsDON(n) = AbsDON(m + DON(n) - DON(m) 10 If (DON(m

> DON(n) and DON(m - DON(n) >= 32768), AbsDON(n) =
woRboMOm) + 65536 - DON(M) + DON(n) | f ( DON(PGT/EI2005/050032

DON(n) and DON(n) - DON(m) >= 32768), AbsDON(n) =

AbsDON(M) - (DON(n) + 65536 -28ON(n)) 15 If (DON(n) >

DON(n) and DON(m) - DON(n) < 32768), AbsDC]\I(n) =

AEE00 1o} Be AoREe QTAL Bl FRRFTShian plsrfdesinp very s

i NAL2Onit fretransmissicssomier gwiese intearie 0y AbsDON ( O)/ =tON(0). For
bHJTe?rN?\?_ uHitd! RB FN f%ecaﬂ&ﬂﬁﬂe‘dee[s follBYvB' al buffering

eri ng Init buffering occurs
when the RTP session |s |n|t|aI|zed After initial

bh‘flj@Nf(ﬂﬁg=—®®R@hﬁ%b§0@)l@dn§@ﬂl§i®®ﬁl §1t)arted and the
25 buffering-while-playing node is used. \Wen the

recei ver buffer 9.1 contains at |east N VCL NAL units,
NHL(Dla)N(trﬁ ADON (rgrapdeDION{ o DN (g ceidegeghuf fer 9.1

ar 2*9%5%@@92288?@?’“3@ 9@(}?({1? Wﬁgn)r écei-r\lj:r Ngtf ?Q:rt >

9.1 in 30 the sane order in mhlch they were stored,

b AL

dg;%@ﬁd)@ %W 'Lﬁlﬁ 2 rJt)lA '3@7 e 'S to t he
deAREEON(n §A@§QQN\(UBd+ 6553 D@\‘(tbnl)ffe'? BdAt ai ns | ess
than N VCL NAL units, i.e. NN1 VCL NAL units. 35 The

BN D B PO b o e o 2

PCWH%IKOI(&% G58B8RONA®N)-- (DIONI(me) + 666B88er D@N(ﬁgr
contains at least N VCL NAL units, NAL units are
renmoved fromthe receiver buffer and passed to the

dédBEBY (M- DEAN Gy @ed DEpiemi) f DENBBI<oW2dh8).| the buffer

COMN DN L)g(ggDEyN.( ni pONm) fDEMnfon-cliff is
present, uni r&form\}\hlc on diff(mn) is 5

greater than max-don-di ff are renoved fromthe

r mlryﬂomg)‘ fsetheadstod R SRIér trunithe sfaR@deAL iunittHRing index i in
Nk]_eeﬂﬂr? ecified below. Herein, n corresponds to the

ﬁﬁ{ﬂnn d?ﬁe gr eat est val ue of AbsDON anong t he
received NAL units. - Avariable is is set to the

VEI“nEF‘e % eahs@é% SIS bﬂﬁérlﬁd@ atd&Sn' tﬂétr'e%fvéﬁdlnt%l Ooufferlng and
buffering while playing. Initial buffering occurs when the RTP session is
initialized. After initial buffering, decoding and playback is started and the
buffering -while-playing mode is used.

When the receiver buffer 9.1 contains at least N VCL NAL units, NAL units are
removed from the receiver buffer 9.1 one by one and passed to the decoder
2. The NAL units are not necessarily removed from the receiver buffer 9.1 in
the same order in which they were stored, but according to the DON of the
NAL units, as described below. The delivery of the packets to the decoder 2 is
continued until the buffer contains less than N VCL NAL units, i.e. N-1 VCL
NAL units.

The NAL units to be removed from the receiver buffer are determined as
follows:



10

15

20

25

30

35

10 when the first packet of the NAL unit stream was
received. If the receiver buffer contains a NAL unit

wavmseraoeception tinme tr fulfills the conditi aPCT/RER005/050032

is - tr >init-buf-tinme, NAL units are passed to the
decoder (and removed from thé9receiver buffer) in the
order specified below until the receiver buffer

o E4BR BrlE SURAL GAIRRE, AFRRR AP YL ik bl Bl s are
ar e rpaxyed framtthe rdeeiwdebuffer apa paksed tathé aecodsr. inLése order
5 _ . DUNGT aPEEd : o

bog g RtioR I ity tel coRldineN.F YL RAR g
assdtimasdonidii s wasest,ofll DEN- wnitso dpstwiel dery diff(m,n) is

cal cytbaterdirh reht-a¥e-dift farkh@eale® PémDENe deckiver Mifer and
unit™is |ar val.ue o

er than the f. , . the DON
di st%ﬁ?é@ditgq%ﬁgpo % IBAKe OrapIHp ﬁ@ﬁh"%?"qrﬁ@ nEgayesponds
di sttarthe NAL eahdlavirg BiebFeatedPaNeroDADEBON a@dndahe received
uni t[ﬁf‘\ﬁr e ?el ivered to the decoder in ascending order
of ('J'ig ance. |If several NAL units share the sane
val Uk vafiaDieNsds ssehhe d¢he vhkne ofaa systepadiswed thabwahkénitialized to 0

de?%ﬁ%n ki glgé\é r[]:)%'i:g@tr of HRERAR Lﬂﬁ?’ét‘?%%g ?hﬁ%)ﬁ%ce\%da@-%hfe receiver

units have be assed to the decoder, ) -
PDONPUfEer Sentains adAL ainifavisepeqepten time triful§lis & cendition that
ot oy 3 bR AL ThitCars! bSO IERURIder i diemoved
| | S . 1 TI - | Z | .
Sl dlomis eitues nlterhh e s SedieR iRy i 488 receiver
de- padicetdontains 3 WAL200BNMIVERT7 fedeBlio F 10O % 80IR3the 8Pecified

'nt%#h%ﬂﬁﬁt RTP receivers (e.g. in gateways) nay
identity 10st coded slice data partitions A (DPAs).

If a lost DPA is found, a gateway may decide not to

S " i

S8 rbOamEp AR e et e afodaite Byl Ld A8 sofbus.
decoders. In this way a network el ement can reduce 5

neenPDON @rda biaridblégtﬁéﬂitsnigitlaﬁ.@?@wlOF@Qh@{b‘egirMih@@Wthe an RTP

par si.n co itstream Intelligen .

P SESn0E, Eof 88 RAL 0t BREGEerugt getdlie o DR, a DON distance

Fisacadlcolated as fallowd-U) thel ¥alae lob XOR Wfitlse NALNdnit & larger than the
i . i 0 .

S GHH OSSO AR B PBON o,

mRANN elifitaree isrqual k565882 o BEXQN + ROMirs!-way a net wor k

el enent can reduce network | oad by

NAL units are delivered to the decoder in ascending order of DON distance. If
several NAL units share the same value of DON distance, they can be passed
to the decoder in any order. When a desired number of NAL units have been
passed to the decoder, the value of PDON is set to the value of DON for the
last NAL unit passed to the decoder.

Additional De-Packetization Guidelines

The following additional de-packetization rules may be used to implement an
operational H.264 de-packetizer:
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di scardi ng usel ess packets, w thout parsing a conpl ex
bitstream Intelligent receivers having to discard

weaorer®7or NALUs could first discard all 15 PCT/FI2005/050032

packet s/ NALUs in which the value of the NRI field of
the NAL unit type octet is eddal to 0. This may
mnimze the inpact on user experience. In the

f b d § ' ' ,

P REET P RoRBE (o 3 daBAUaL R FPn IR ook peslice data

Thertpianarfe{2iAsleiling 1dst DRA = fdundpar geteivay moay dacide not to send
;rﬁ{ﬁ&‘r‘re ! etr?gze{j‘ﬁé’t?%h&@&hﬂ“ ?Snres E'ad ﬁ%‘irciﬂfdrkh%tion is

node dr t
ofnqangg%&&n H 264 08eeasigss. p@rféliﬁat/v@b’ q @eé/zqeréﬂ elemend cgn reduce

Inetlitrk PRGB! Bfscl L ffedy %%%Réts"‘hﬁl'fhdd?epéil%*rﬂ{g Pfcomplex

the packetization-node parameter is equal
TRESHRAMe of the dei nt - buf - si ze paraneter is specified
in association with the follow ng hypothetical

T iBlRR AP boilers (o 20 i gaidiias) d Helity sy Ffigiona units

mixmifrablost B isdoongancyatewiay ey degid® ndhte send dive figjlowing
pFPJ%erS the s4pRd NAL Ui ?%dfﬂelr ﬁ'ﬁor‘rﬁatm?@?ﬁ%anv@ewlfor H.264

nit rn transm ssion ofder I's I nserted
h?ﬁ@@cﬂﬁrﬁi dal thigieway e | BeiwOkly ®lafTest . can yredege snefworiyeload by

t ats@brcﬁh%as@n‘esyﬁébck@tb Withbst pdistniea Sothprix Bifdtieahirs of
byt es 5i0ii s Is greater than m mis set equal

to s. WD 2005/ 079070 PCT/ F12005/ 050032 31 iv) If the
nlrrtblﬁgemlfre\t@lythaungtte discard @abkeistdrellAbldk could first discard all

SE? &e‘?% g\%_‘tgé‘ﬁ’] BHERShe \al teLc’ﬁStﬁ%té\ﬁ”ne% of MaNAL M@gg octet is

erl eavi ng- rocess is co
f equaldodyd hig maysﬂm)mrmet v@mpaNLormuser expariesnse. i n
decodi ng order anpong the VCL NAL units in the
hﬁgothetlcal delnterleaV|ng buffer is determ ned from

thesfoljewingr a paremetsy te he ured fRAINdicating the dBa¥ My byffer size
Sﬁﬁtheodecﬁ)c@r@ﬁlll Be@essiBed VThe Ehﬁarﬁ@felrlc@‘iﬁt b‘(@sd‘é% ruﬂhtally not

sre v rom hehpothtlcal n
BFsBPY o & PReknE b hoTS rabmetthRrfH pf e Aoketization
t meotens st presemd er the haluprad dles pacisetizadiorinmadesdarabfeter is equal

V'td I %rhel pﬁ'ﬂ%e?)%r%rﬁe‘feqnghgb‘lﬁd bfrg?%sc‘érﬂmﬁ/hen T Svalue of the

ar aneter 'si roperti es uni t Stream
opa@kﬁlwapaﬁnwde D%@m@ﬁr 2 ¢@1ﬁéwgr i npl enent ati on.
When the paraneter is used to signal the propert| es

of  a NAL unit stre fhe value of the paranete
fghgr\fa&p ohthe dglrnt %mf -size parameter |fs spemfPeJ f% assomahon with the

following hypothetical deinterleaving buffer model. At the beginning, the
hypothetical deinterleaving buffer is empty and the maximum buffer
occupancy m is set to 0. The following process is used in the model:

i) The next VCL NAL unit in transmission order is inserted to the hypothetical
deinterleaving buffer.

ii) Let s be the total size of VCL NAL units in the buffer in terms of bytes.

iii) If s is greater than m, m is set equal to s.



10

15

20

25

30

35

20 is such that: a) the value of mresulting when the
NAL unit streamis entirely processed by the

wWhypsneti cal dei nterl eaving buffer nodel is |BESBFRNEN50032

or equal to v, or b) the order of VCL NAL units
det ermined by renmoving the eafliest VCL NAL unit from
a deinterleaving buffer as long as there is a buffer

overflow is, the s .the renoyal. order, of VCL .
S Bl b ME T BE TR i e BB Rl dG hedleaving bufer is
bigssehan Coreseqltntheyvalue of ntguemany-eegth, Hhe precedsvisrcontinued
Cﬂpp{%gg%r uct VCL NAL unit decoding order, when the
burte ze for VCL NAL unit decodi ng order 30

recovery is at |least the value of deint-buf-size in

t PLTREOIGRIRE nkAIdctIn BRCBRGRObE aHkr o POHIAAL units i
- G FBRRelCalfan g eRynadatla) s AR Paa 1 adnycialig of DON
ufdrtthe daSioNiALguritsdescoading iy sbiéliorubis of RFEAX XKat are
characterized by the sane 35 val ue of deint-buf-size.

When the receiver buffers such nunber of bytes that WO

200 9re7eariestPeTLANADaBIt0S 0esRved Zrosn il Sypaotheticalgdeinterleaving
gpgaLer than the value of deint-buf-size, it is able

to reconstruct VCL NAL unit decoding order fromthe
transm ssion order. The non-VCL NAL units should al so

biit RitREYel AenAERAENCUIEAL dalteimitianBtisshort BRI &R pfocess is
tFe deinterl eaving buffer. Wen this paraneter Is
pfEEUARtedy  sufficient size of the deinterleaving

buffer for all NAL units is less than or equal to 20

%4 r : I arameter. |If the
pyr"gﬁr;ggé)rrg)?%%n%?%gﬁ@%%ﬁ@h%@ﬁei value of 0 is used

for deint-buf-size. 10 The value of deint-buf-size is

a'Thié“ﬁ&r%{etéfaighasftﬁaﬂcﬁ?ﬁgnﬁfe%lQ{f aermhrﬁt stfedrd dt théWhpabilities

967 295, Inc Ive. Ir ow ng the invention
wPl 12 paceivaic imBleneniaiat-e\wnathe \RarametareiseHeadtg signal the

t properidL 6T afNAL WnitSstrdane, aoRmies ol tted BatdiReter, referred to as v,
h oquethla_al reference decoder 15 (HRD) 5 of Fig. 9
C

r 2 of Fig. 10. The pictures to be encoded
cahtheeyalierof em aeglling pinenuthe NAE uait\steaom & ertaslyf proocessed by

Vi C . A I el C
Tyt 5! Bpirfctes ng GFE flodB KAERONERER oL 1% or

dby thieardettad \SaaINAL Upiss detaignirat Ry demovingethe earest VOL NAL
St iyt kit plr et o e
AeGPas dhot BBevar AT f ol NACT Hafe rirad 3o hypoinetical
chami@leabingbufier.a storage nedia (not shown).

Pictures of the video streamare input to the encoder

1.
Consequently, it is guaranteed that receivers can reconstruct VCL NAL unit

decoding order, when the buffer size for VCL NAL unit decoding order
recovery is at least the value of deint-buf-size in terms of bytes.

When the parameter is used to signal the capabilties of a receiver
implementation, the receiver is able to correctly reconstruct the VCL NAL unit
decoding order of any NAL unit stream that are characterized by the same
value of deint-buf-size. When the receiver buffers such number of bytes that
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The encoder has an encoding buffer 1.1 (Fig. 9) for
tenporarily storing some of the pictures to be

wWenwsd®d70 The encoder 1 al so includes a nenor yPAQI/BReN5M50032

a processor 1.2 in which the encodi ng tasks accordi ng
to the invention can be 25 apgfied. The nemory 1.3 and
the processor 1.2 can be common with the transnitting

ce .6 or._the transmttin d i.c can have_a
CROUEE 18, o%'is, bltasp RBRThG ek OEeiRfptr §28 # Y BoR"8 ebnstruct
f Wit NAhsunitfdedoeling randerrfrbm thg tdandnoissi®n ordlbe encoder 1

perforns notion estimation and/ or sone other tasks to
conpress the video stream In notion estimation

STHE| Bt YEbNA Lnis shonid alsophe talen Nt BeceuoMeen detasmining

CHHd @&fide @f C%@r G)EIn?émea'\‘/Ir@ ek S WHKH Qhis! Ph?eﬁﬁet@r Gk Ubr%sent a
ar e sear ched he co

rities e fou
SEHGIEat 2t e e ttedaaviBg DlEEJORAIaNAL Wihts 1655 than or
pequarte 0% lafgerfihat thevaloelyt tempadeadetetn JVT the
di splay order and the decodi ng order of the pictures
are not necessarily the sane, wherein the reference
pifcther paraaeteroisbeotspr@sedt, ithea dovéluerof( @.ig.used foheleint-buf-size.

fi ol
J?%S’é&% %f,.d?”ﬁ fthsipe s &7 ri8g8h Rotel rapieli3t iy Seingle. 0 to 4
omeIye. 33 inserts i nforrratr on on displ ay
order of the p| ctures into the transni ssion stream

vl EoR e el e il be FeSiech Bofs Sbi@l il reterence to

nmeesgzetem ofTR&y. B)adhdeshqoidet Ur @sd ahe hypaﬂmncalt efefenoendecoder

MARRIGr i, b 4l HRGRIET2 S R YO TS BirtRERE L bffepea can
dbeoértrdexampl@r picinesnph asweeo Hieant dom ceowroe@ps.rmrpag’s e.g-a
a%ar’ﬁg?é‘ é‘%ro‘é%sr%cerc?ert 8 ct h%eeﬂéﬂﬁ?f gpérﬁéé')r SrstheE\ﬂeﬁo stream can

decoded picture Is bu fer

deeodivides (e sqmaliar partigns pusfeds 19ceibsbantlicas Gan further be

l ﬂmﬁihcatrﬂd) Yigdkiseln the eﬁ@@@éﬂ ﬂ%@ﬂﬁbécﬁsﬂ@ém%%o@ﬁeé to reduce
nce .. pi.c tem accordr
n

rm‘ﬂk?@ ,t o8 Frgg%rﬁit{ Vi Sz?fsgffl%%@ $108 %ngh OFto a storage
bmem' (ot st @iatuce iy video stiear are impudrte the encoder 1.

C?ﬁg %dapﬂag %Wemrrﬁégﬁgégﬁoﬁﬁé %i)eﬁi)r%r‘ﬁhU e?rrlgg drflg some

pPtther Ristures tavee dncpdedni hgleacedert *na§0rlellueleﬁ@ fegory 1.3 and

MBIRbYedRAUI 5 fRAlch the%rﬂfodtﬁbeta‘iﬁ @e8hrdng fU‘ﬁreQﬁQéhﬁ#ﬁfn can be
1 al so ipcludes a rocessor 2.2

wAPBKEG: hENe dBeBaNhd -3 %Qs@c@%ﬁﬁ% @ CAB bw’@mm% with the
caanbmitipgdeeide betr@rrans/matrﬁg demrdeterearphaoemothe? ptocessor

- BB MRy ' shovl) REUEhY helE, B8 aBe syl cevice o
méver gncodar $hperfprms motion estimation and/or some other tasks to
compress the video stream. In motion estimation similarities between the
picture to be encoded (the current picture) and a previous and/or latter picture
are searched. If similarities are found the compared picture or part of it can be
used as a reference picture for the picture to be encoded. In JVT the display
order and the decoding order of the pictures are not necessarily the same,
wherein the reference picture has to be stored in a buffer (e.g. in the encoding
buffer 1.1) as long as it is used as a reference picture. The encoder 1 also
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for other functions of the receiving device 8.
Encoding 25 Let us now consi der the encodi ng-decodi ng

wWPewserw7G n nore detail. Pictures fromthe viBEHFI2005/050032

source 3 are entered to the encoder 1 and
advant ageously stored in the3dncoding buffer 1.1. The
encodi ng process is not necessarily started

i nmedi_at the first pic i.s, entered,t

o MBetss rantndlichy o' Relay] Blodt 8 e Pid S S0 e silimission
asaedmbl e in the encodi ng buffer 1.1. Then the 30

encoder 1 tries to find suitable candidates fromthe
pictures to be used as the reference frames. The
eﬁméhelertqﬁelrnqquqﬂsmthe @C@ﬁ*@doplﬁfglrefo afey Mmavesciodar encoded

ppg%%%ffeTrFﬁ% ﬁpggé&%aw CITHH @rf%d”ge?t@\éltgrééﬁg{eeﬁéﬁﬂhﬂted from the
D Rseser hif e dageods 4 i ke PasSmiasion sitithal o uthe decoder 2
pthg uersodsh b@tuiesocwd wdcbdeti usi fgrmnyungbhiressed pictures

orel bR eohEh, 45’ Bisdoie B B eiethe BEllgft £ S oecoced

20%1@7@05%@%/ RO DR RUBDf the ddander 63 unfessniy isfdisplayed
@&Qﬂf{ﬁf*ﬁﬁ]&b&%ﬁ‘&%%@ ‘{HS ééB@ﬁﬁ Qﬁ‘d be n%?%@e@sasaa reference

erence er advant ageously a

w&twren@ élﬂeﬁygtem; a@ﬁerqmg:tmm% present I@&B@.nn@othu ’fﬁﬁ reference
sbme(m@nn@%cpmepdrbplayrmctet@rﬂsnfféﬁﬂé)are TomAiesPERl they use

dﬂ}%aglﬁg ‘%‘?Q?é’egrﬂid#f%gﬁﬁ%r th gﬂps %%ﬁ@ggﬁe%ﬁgg for storing the

psamer gisturéd et diffehesteplacaetaisargpaciagehesahemory requirements
nggﬁ}%ﬁ@%c}d%éztrr ansmtted to the decoder or it does not

use he encoder al so fornms sub-sequences on
one or nore |layers above the |[|owest [ayer 0. The

pWﬁbLHe‘b%d@P 1l él¥8ﬁnc9u sea'rﬂg%%n@%"ahd éjﬁtgfé@@?érez 2DHtwhich the

pi ctures on hi | ayers nmay on pIC ures
oﬁeg‘é‘i‘iﬁgltéw aP%?/ré’f”QoFo ”I'%W“OF & ee@&ﬂ*ﬂﬁﬂe The Begory 2.3

6and hﬁeept@b@sédw2 loaygh ve kariior® vﬂtlfdtHe-?lY@cEel\angTdEﬁllce 8 or the
plctures

to the la

braifg ceiosL B ARBaTE anp R yb8etsA: et gronialy (ot shown)
b&jrcmlgertfunthmstaﬁft@e rbcewmgade\ageeusly, t he encoder
forms groups of pictures (GOP) so that each picture of
one GOP can be reconstructed by using only the
pEfcodiag in the same GOP. In other words, one GOP
contains at | east one independently decodabl e picture

d all the ather pictu or which the
i E@bHérﬁ@é\hPPS}s %Vcﬁl?a%f‘%o ”Ql‘{?PQdE”Q Rrocese i mase Aptail. Pictures

pfretrutiee videot SeuresBare epltereddto the ehedderar entjv\@d@rrma@eously
8%@?'%5 grirtﬁ%(ed}-%gwy( éscnfferp%g) Ofepgééwdargg' nC%SUQSP nec%ssarlly
started immediately after the first picture is entered to the encoder, but after a
certain amount of pictures are available in the encoding buffer 1.1. Then the
encoder 1 tries to find suitable candidates from the pictures to be used as the
reference frames. The encoder 1 then performs the encoding to form encoded
pictures. The encoded pictures can be, for example, predicted pictures (P), bi-
predictive pictures (B), and/or intra-coded pictures (). The intra-coded
pictures can be decoded without using any other pictures, but other type of
pictures need at least one reference picture before they can be decoded.
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pi ctures B2(0), 2xB3(0), B4(0), 2xB5(0), B6(0), P5(0),
P6(0) on layer 1. The second group of pictures

WO pos0e% t he pictures 10(1), and P1(1) on | ayReT/BR200d0032

pi ctures 2xB3(1) and B2(1) on_|ayer 1. The pictures on
| ayer 1 of each group 25 of p3@tures are further
arranged as sub-sequences. The first sub-sequence of

e.first ou f pictures ont tures B3(0),
By ey 37 B dhe Bebh FepfiSted ARl s a0 b8 used as @
prefeteree @300, B4(0), B5(0), and the third sub-
sequence contains pictures B6(0), P5(0), P6(0). The
sub- sequence of the second group of pictures contains
pil euerepdes (advangaqenushBattaghespwoniimpestanyts it the pictures: a

bﬂéé&ﬁhg tlnﬁ‘é"sfé}ﬁtﬁu?g? ?’dnrﬂ)eéutl?)@%ﬁﬂﬁﬁa:n?% S?gszeﬂhé Qfecoder can
Thee MabGecsalionca Blemine M Geueeiaitaosint.Bue sckiiiedo output
| {displaypeheopichyes. Howéuen, tthesyltﬁiﬁesbramsg ?ﬁg]t IngtlrJ]od“ecessanly
ag@ggnﬁfﬁ% @ﬁg&%@%%r E&B%Eg@ﬂegﬁg y?) e transmtted in

the header fields of the transport protocol, such as

“@r? iy BIE, 0940 ol ollO P B WONTAe iayers avove the

viareast davpichckhe D'CéléréérQﬂ Hager & areemdspe@@entb/ddecodable but the
pfsrdturbs-%n rrmgﬁép |bpd@pmgeaép@@%nca@tm@s Sdrp%@ﬁre' ra)vrérerayer or

dat f
VTS AR explPlphER. baitere RE tio BT Bt 4o lyer 1. The
epagressiOpPa hed N2 palthet tdf trre‘rtayer\ﬂwmne ahebpicused P1—P5,

W'F’t7h M”Elénﬂ/r?sc%'tﬁbO‘g%mbg?c{hgl;geth% %r fowo?%t%g%ously the

header and a pay eader
cenc@rﬂers‘oemsgmla@e@fu@cguram @QPOrsq ’fhat eatopicturel of ane GOP can
(be rgE L@&ﬂby u%r dt@ ||1|]tg3 sai'ZYﬂed(Bf(‘)F‘s YIRSther words,
fiel e err .1 i ndicates

aOBft @rP r een ralr”éeatl\i&ﬁsbﬁf‘? '”W@%} Oﬁablﬂwﬁ'ﬁtl’crﬂea”d all the
epthasr prd:t[lf’éspﬂirorﬁ/hfcheﬂhd ingepétderithyedétreees picturddid geeference

¢ Agk, i 0GR of BB e fbreraie i BoiBSpL akuBh. ‘The first

hgrallp g pituresr mofuxiesathet beturéssle(a()d RiIyo) PaEkedrs layEned, and
| gl

RIS ERTRE A bR PR EPLOL T R ey gy 1. e

pée@ormgwmfdm@tate@erncludﬁsahe@r@wiﬂsdoﬁﬁpa@tar@ﬁt( @rmrayero and

t BR:F%‘S%&ESU{ Eg&j gﬁz‘lgjaorr fr%v& {.OtHe |'chr8§Qﬂ1t Ia\]éllL Y] e%%h group

} ates t thf gntené
oP PIREUrRA AR T thef anaRae %S§H@&?§PPUE?S hs Bigt sHbragasence of
( theatirstagrobe ofssicturey coftaing grct&égrwoﬁ B2@yc B3 tse second

- SRl el RahiveS B3I 8435, BoE: A, s sub-

deequiknag obntaires philigsi B6( i@k RP&(Opail he asub-saguence of the

| ab&gid HYoy of PittUrES ShRRMSs Plckirks #53(1), B2(1), B3(1). The numbers
in brackets indicate the video sequence ID defined for the group of pictures in
which the picture belongs.

The video sequence ID is transferred for each picture. It can be conveyed
within the video bitstream, such as in the Supplemental Enhancement
Information data. The video sequence ID can also be transmitted in the
header fields of the transport protocol, such as within the RTP payload header
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Furt hernore, val ues above 00 indicate the relative
transport priority, as 20 determ ned by the encoder.

w0 poshrgogent network el enents can use this i NPGY/RROGSH§0032

to protect nore inportant NALUs better than |ess

i nportant NALUs. 11 is the hPghest transport

priority, follomed by 10, then by 01 and, flnaIIy 00
is.the | 25 The, payl rt of th

Bht i nd 17 Bty SEGIREY 12 B, seAuBhet o 1ecpring to the
f pedsnitex paetthonwﬁﬁtoﬁndeperedént €3@0P422aR,bea sivred in tifeometadata of

11?hae vied # flg%ﬁﬁ]ﬁogﬁgh |a§i gltﬂﬁ%quﬁf ) wbofﬂe ]fgrn§at Bﬁ‘% 11a and

e0 sequence
b slisasa ﬁéamp@éd)fébqlh\b‘hle@aclﬁetvfmraa;tsm@cbmmheeused with the

b Péé'é@!% wﬁ@nt@ﬁeTﬁb%é&ket REhEM LB Headeri Bt HAE% bayload part 12,
Sﬁﬁ%@ he#ind S9RIaIRaAEVITE0RP S o e T0's AGHOT disidh 1.1 (F
]1: Farmddemy atrfndmﬁﬁdldam 2sandratype fietd dn €3 . ThEherrbi inglicator field
S RS il BB 18 NACHRNt PAGR e gldtEaden the eror
f |r@||@atohheldpseaeé,dt@e detEdesm:addseddleat thit err0r33mayhlee present in

ﬂg&e ga?ﬂﬁ‘a P | ”M_l?r %1%? be%é U?rLeﬁ are mcag)able of

or —eq Ua
ahéE}@'@w bltefPréorﬁh%ﬁn ﬁsersdaﬁ@@&wushdoaqkeg& T&'@dl@"dlorﬂtb’éﬁild 1.2is

?Us?%%ﬁ@ﬂﬁ:aﬁhgrfﬁe 'n‘ﬂprdﬂté?@%] 6f9 trg,r ﬁﬁﬂture'ré}ﬁ:absmdt&jdm fHePpayload
| Bebr i dne paCeb o aa SRR T mebeh. e Brority field can

P& & FAN0SiIfO fedd JAlue3bad fialloAl Auvalte of 00 inelicddds thet eélde content
B¢ N, ARl Bl P 4088 B g o
padues sefamcagg$tecg”aN|P¢quOa@rk@esdlsqaréedg/gtm?gﬁtrlsamg the Integrlty
p@F'l‘f?é ?ef%?éhcfeuﬁlbﬁﬁés bﬁ?jlﬁeg'éﬂo@%doo md?cétbr‘tﬂhfetﬁé 8Bcoding of the

regaf i on packets an gtalon
p siS Aequifgd etopdBRiBiaIRC tit d'i”Fﬁ?“lt)b 9fh Bej referAnasn pictures.
CFOﬁhétrfISor@f \Qil@esN“éBéngOE'ALndMHté thet fr@l@m@oﬂmmﬁt lpﬁorlty, as
capsu ac uence numb
GBS 10 HocBnpaR: « CREASNACHCR G ToMey can use tis
oimdematiygytegartotest pacéeinspatantt NALpsc betteaghae giass oimportant
S f t | |
PR ol e, ABYeSt HangPAE hofis ifwell By SfL B o1 anc,
sfinally, O0 is fiee loweasér ent type of netvvorks -- wireline IP
networks (with an 15 MIU size that is often |imted by

o PRcRAGS Bai 124 rabe WL boatieile a3 b seiugne, D fiei

pngﬁera ﬁdldtmamamrsm Qnsutzelftelalmes trhingSidfd Y Ressand the encoded

 FE e ifen 35" T Bhipochubh B A" 221 FELY8E o storing
the number of the video sequence in which the picture belongs to. The field
indicator 12.2 is used to signal whether the picture is a first or a second frame
when two-frame picture format is used. Both frames may be coded as
separate pictures. The first field indicator equal to 1 advantageously signals
that the NALU belongs to a coded frame or a coded field that precedes the
second coded field of the same frame in decoding order. The first field
indicator equal to 0 signals that the NALU belongs to a coded field that
succeeds the first coded field of the same frame in decoding order. The timing
info field 11.3 is used for transforming time related information, if necessary.
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packetizati on overhead, a packet aggregation schene is
i ntroduced. 20 Single-Tinme Aggregati on Packet (STAP)

waysegare NALUs with identical NALU-time. PCT/F12005/050032

Respectively, Milti-Time Aggregation Packets (MIAP)
aggregate NALUs with potentid®Ply differing NALU-ti ne.

Two different MTAPs are defined that differ in the

| ength of the NALU tinmestanp offset. The term

NALU-tinme is 25 defined as the value the RTP tinmestanp
wdbked Nfdy eunifs tdaat bidAldéliveraidd ibedifferenis pimdt ed packets. In  this

0 v%ﬁrgnqgé’t‘fé‘eémb Mhentafke Sarf?f%rérﬂag)%ckgte.fg%%ﬁwiﬁ]&ude simple
non-Ti Ing packetization rules ccording to an
afaelata sl ageregsdionepacksts.t1 hee poskegatiampaskets canthather be

Rﬁﬁ'd&p'ﬁﬂo”%ﬁfgq’é%rr@% 8g&fdn tihckess Ay MR afmé hg ti
NALI ti rlres of "all the q\qiL%s tno nge aggr egat eLtjzl.I Tr?]e Tg/%reega on
f PBFEPI®F the NALU type octet nust be set to the

appropriate value as indicated in table 1. The error

| Al patedefrediiry R s iesfipEFoRRets ofpe NA. A NAL uni
ottieami campesacliy dbea;smlatlirrg?swgalemeﬂs?io_@TP stequence number
oPTATEAPRE] PR 1 e NER B BERE 0 ot wiap1s
16 0x20 MrAP24 24 The NALU Payl oad of an aggregati on
PAGES gRIAS batKet8f ar@NehIpadREL aggratfiliondathéie UsH s payload

(SpRCPLEHT i, SERE Goubalis 15 10K, BECEBRbiDy arorom
I M sizggr efgiid differgratciigpe of metwordsy --nwisélie tP inetworks (with an
I j 7. . t

MRS andl, b St BI il PRETPRERMTY S - dBlgnty 1500
1bySishglaadTileongrretiatfedh Pad24M)(5asey wiieiess betworks with
Uﬁ?&e%&ﬁ%’ﬁmisﬁ@ﬁ"@rﬂ?’slz‘é@ (NA?SJ& Byi&d ctNass M@ ™® prevent
NALU-t1me. The NALU payl oad of an” STAP consi sts of )

t redig d’%”%‘-‘&%&wc@et}"’@eﬂi éhey o 1W?'E$<.j§;. apdpte s?V%iﬁd upgesirable

f batketiZafidh @abeieat adpdorkt Qg@@gbﬂoﬁisﬁéme% ttocRIced.
Aggregation Units (SPAU). 15 In another alternative

enbodi ment the NALU payl oad of an Single-Picture
AGingterdtimen ABgoagatioq SPARketc (B SAPY) sagdregate6 NAltUs with identical

URE) 9060 BB BRL R, d8hiiti- Time Aggregation Packets (MTAP) aggregate
NALUs with potentially differing NALU-time. Two different MTAPs are defined
that differ in the length of the NALU timestamp offset. The term NALU-time is
defined as the value the RTP timestamp would have if that NALU would be
transported in its own RTP packet.

MTAPs and STAP share the following non-limiting packetization rules
according to an advantageous embodiment of the present invention. The RTP
timestamp must be set to the minimum of the NALU times of all the NALUs to
be aggregated. The Type field of the NALU type octet must be set to the
appropriate value as indicated in table 1. The error indicator field 11.1 must be
cleared if all error indicator fields of the aggregated NALUs are zero,
otherwise it must be set.
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nunber (DON) followed by Single-Picture Aggregation
Units (SPAU). A video sequence according to this

W pBshTItmt i on can be any part of NALU 20 st reenFRNE1050032

can be decoded i ndependently from other parts of the
NALU stream A frame consistd/of two fields that may
be coded as separate pictures. The first field
i ndi cator equal to 1 signalja%r the NALU bel ongs to
a coded frame 25 or a code el d that precedes the
second coded field of the sane frane in decodi ng

"Fl,rrgﬁé-lThﬁigggkét flie' FidhBYHA B GHERY 1h ﬁ:u?bu%ja's

Dubbccub

Ae18irst |&JddY fieldOof the sanme frame in decoding
)bQﬁg 30 mﬁg‘p%e Pi c‘taure Aggr egatl on Unit consists

40

c. Y. 19- UI oSt greua oSt € 1 III Ul IH:llI OTl llldl

i ﬁNZQat es |MBAB24e of|24he following NAIU in hytes
(excl udi ng WD 2005/ 079070 PCT/ F12005/ 050032 38 these

t oct ,_but including the NALU type octet of the
MPey RALLT i madord 61 Bie BdatagaiDbepackalopOtistg bt SMdaon more
t ¥pg re@atlen dnitdi] An -dggreg&igT eaekéeto caRacdet e(sl\/ﬂh%‘?i)y hggregation

tHﬁ'tmsUrnﬁisése%rtyS&Pﬁvreiﬁﬁﬁaﬁet%%ﬁ S A oo

Aggcmjanbmusuwmmt fifHetoc Boi IPepaciteieend tthe sididf showdtbe chosen
I t

NE@@% IHnag grtﬂiéa rdsult rfgg@ bé&%ét gsnesﬁgnﬁnm%ﬂ th?Mﬁ']%uig(‘lf glelr ity

of t he MTAP but t he h| gher is also the overhead. 10

flfrﬂbenA @ﬂébhtloﬁ—' IFRcREET EFPAPPN shBifS @é e y@efi Nesenever

'159%56{9@“0 P S Db VAP Bl o of
NSEHAF{ sanrastasoftﬂne videe JeguencatiDoielof12. h @. ge75’®TtéP)andltne field

< Hilca@0r2 B ARG DB IR FbAse %9@‘??9&{0%@%'?52{%#’&55’-
|nd| cator 12.2 and n bits of timng information for

UIH SiniNeY: aldiRaiRY eﬁtgfﬁ‘méﬁt ?heg NA’LGU %ﬂéadz%f érm%mqﬁ_ Picture

timng 1 nformtion be set . 'so th

t PAIOE] Qﬁ’&‘ﬁnoPaﬁlﬁPtR@T/b%):l@@f‘s'éfs é’écah TQabit) H”ﬁ'grl?é’ fifegeing order
(hheBYAUDON) TBlovidnby Bih @6 et iate AgbYeiidnnOnit(SHAW). ng

i nformation fromtheyRTF‘(gtlrrestan'ggofg%g he ShSD 2%)In

anot her alternative enbodi nent the Miulti-Tine
AdgvidgatsemueRae kadcofdiigRp thiospedtication tae HéAaky pesidef NALU
b a cadj 2
(éfrggmlg%m% B8 g8 ﬁ@%ﬁ%”agﬁﬁf QBQS'%‘theF b8 ke drethb NALU
Aglie@@ati on Units. The two different Multi-Tine
Aggregation Units are in this case defined as foll ows.

"f\t-l'l-"

A frame consists of two fields that may be coded as separate pictures. The
first field indicator equal to 1 signals that the NALU belongs to a coded frame
or a coded field that precedes the second coded field of the same frame in
decoding order. The first field indicator equal to 0 signals that the NALU
belongs to a coded field that succeeds the first coded field of the same frame
in decoding order.

A Single-Picture Aggregation Unit consists of e.g. 16-bit unsigned size
information that indicates the size of the following NALU in bytes (excluding
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Both of them consist of e.g. 16 bits unsigned size
information of the follow ng 25 NALU (sane as the size

WO pfos0TtG on of in the STAP). In addition to tPEBERLG/050032

bits there are al so the decoding order nunber delta
(DOND) field 12.5 (e.g. 7 bi®8), and n bits of tining
information for this NALU, whereby n can e.g. be 16

Digse ta0%Bls, hOPnRid R ALH bR e shg oA, fgyiowed by

t tret NAh&) IESEH mcludsrtgatmNAf_Uatypél‘ﬁlytqoacket of 30 each
NALU in the MIAP (the NALU-tine) can be generated by
adding the timng information fromthe RTP tinestanp

ofA i-ime. Aganrgatiorn Hackeh { MiTAP) t s endimilas targhite@uiss as an
Dgﬁmﬂ%ohﬁﬁtd\lﬁFth’é"NﬁL@fhédb%rW anBTSn@Qi“raMbPé”l\/ILﬂﬁ Picture
tg bufferl:ﬁ; ﬁ-b ac ordlzhgtotherhé) ent w’gé?

990 @Pa e o8Py CABIEr JatWEEN; { t wereiit lelds is
papﬁm?h&iegdmelennl T td ldrg@uthe ﬂﬁfe!smin;ﬁ]foffget it oiher is the
t L - . . S e
hb%’é‘?’wg\{ o NS B B8RS s bbtsntas, 30

packet input buffer (e.g. in bytes). Preferably, the
d?%“bﬁ‘fe? ti”,"@*g Tlﬂ@b@%%{ﬂ%n gmjﬂ? teér?g é:!%‘?lfng.Hlihégiszgpé’éificatic.)n.
ﬁoahpgth%yogslghaf etgqéﬁrb@a%%gmecﬂ pizgfinfarengtianij the following
| pgey ( éaniﬁ?n s, ﬂgg é.%@t.rﬁ?g?gidcnang MECOTNDS. @r&]gcﬁﬁ@n t® these 16
X1 Vi | . .
RS INETe AP (kD deeivdd enSeRedm; UEH L1 Bidhtlo bEP), the field
S[DEtlcalor i1 B.2aankkai loits efl iRy preoanaticr forl thigt NALVJ detereby n can
B I AL R RIREIE e B3 ekl g e T
i §mestame of aodﬁTElumkeboft ¢achyNAdY mdbed‘dTﬁPo(ﬁhe BlAdAHtime) can
18e!f¥Rrated Hf@ddlhg‘tﬁég rﬁ?[}r@@ﬁﬁ lor/RoM efF@TP?‘?ﬁébtamP of the

stream can be sign I'n the SDP escription o
t AR ream for exanpl e using the M ME type paraneters
or si m | ar non-standard SDP paraneters. Signalled

3hErer S tie i BPuede M GHa e AB A Sp A REpMTAP)
deewst}st ofoﬂnegMa\ILbhhead@rabyteL esdegddigdpactier nombehdase (DONB)
bﬂ@fd“{é 127 9. 16Mts) 24448 ‘6'?%4» L DEHEPRIGE AQeBLfiGR Units. The

cmdéieyentzwumsbmAgéregaiw Upitkagee wathimedss definagkas follows.
| Botherf R eBASist 8f e 1815 ur'?é@Yedl %%%Forrﬂaftloﬁrbf the following

¢ ReT\]Lodiae el s o TRISTSBP G ec T AE) o i TiRrB.L0 these 16

dbft@&héreméaﬂm e dedating Ordérmumber delta (DOND) field 12.5 (e.g. 7
bits), and n bits of timing information for this NALU, whereby n can e.g. be 16
or 24. DON of the following NALU is equal to DONB + DOND. The timing
information field has to be set so that the RTP timestamp of an RTP packet of
each NALU in the MTAP (the NALU-time) can be generated by adding the
timing information from the RTP timestamp of the MTAP. DONB shall contain
the smallest value of DON among the NAL units of the MTAP.

The behaviour of the buffering model according to the present invention is
advantageously controlled with the following parameters: the initial input
period (e.g. in clock ticks of a 90-kHz clock) and the size of the hypothetical
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operation of the PSS buffering nodel. An updated
paraneter value is valid only in the indicated

wet@yhzoko range, and it has no effect after the@T/FI2005/050032

Assumi ng 25 a constant-delay reliable transm ssion
channel , the updated paranetefdval ues guarantee
pausel ess pl ayback of the act ual range indicated in

h f h
oPacka RPNEBHEer e T BUE o TS by, e Ayt Fifid) BpEE perioa
i apdtth@eielfaldt sinaldf the hypalhetical peakedinped deiffet are Be PSS clients

s 'fﬂ%urvg{ﬁ?ﬁﬁ ity" B ﬁ §dea3‘3fér‘gh?'&ﬂfé’rr|ﬁ 'Tﬁe ccapability

cor ndi ng d ever ones
vékmﬁngﬁt@r%}@ﬁ&er buffering verifier is specified
according to the specified buffering nodel. The nodel

I s based on a pot heti cal packet input buffer. 35 Th
b Inpararg e St i can b aigea ed. ThE exatpls. in 4h6 media-level

I bahowidily agniptie oASERS oiSkr wededickted SDOR patramétetttlfsthe video-

erFE RS 0ak Gl saBue, AR BT ArERe e heGueremafih PAdion. the

1 maximuoedvigleel Bit-vdtieris idefined tacansding tte dhe Alideo podingclpriofile and
headesuad RTP or any lower |ayer are renoved. Data is
not renmoved fromthe hypothetical packet input buffer
during a period called the initial input period. The

I lhlﬁalabaﬂafrtﬁetbr W@[de%dfo?: @éc%tﬁ sveam ther b rs$gna%8 WAkikethe SDP
etlca

VRESCTTEN Bt S serthionarome BeGee: LM RbioSaiaragters or
dainaildr r room- sﬂaadla;cp@ﬂteqdacatnetmsk&gnaﬂpdtpdrafn‘eeer values override

ﬁgrf(elf %,ﬁﬁle%@ r F%l}{f‘é P%a@%éa%égx‘?ﬂéé X (@talleg%vlthm the
pw&wasnﬂpttorb@maentee 1pau§em§t playoacla fmdhedbeglomng of the
Eﬁear'?ty%;]h?hé C Cﬁ?é st §§u fngé al doﬁstdh@%léyp reliable

e Hypothetica erence 10 co
hyﬁﬂﬁ'ﬁé‘tsl'%‘l? erﬂeé)rence decoder 5 perforns the
hypot heti cal decoding process to ensure that the

B $Pnirss aPal R R otaiies 35 PhciiPohSa 10 an RTSP

detAderedueshdt iaoelspda‘tad pargmetdrevaiue isipecdeut f ik ishall 2eplace the
t ngevagtgﬁéd frF‘ hed éb?f g@gﬁoog%ﬁo&e{he5de@]§ﬁrﬂér8%t?# Pue in the
n@mﬁmonacvfatﬂaet BS§ buféermgsqueénémttnd@éed oaraieeter value is valid
r 8K MitRE n‘i’@&ét%@ slay bafbk"‘/%'n@@ EH@ |tbr#5§ $10) %ffe@f 8fter that. Assuming

re-initial cordln e
| AT e EE SanbRioR hapat The fpaatbc paiameter values
veuafanted Useletss PI@yHdckest tREicﬂaalk@tngetmd@atemmotheeﬁasponse

th th r enent
misronel P (G TR, IREAISE TR Bt the WBaftsiieEl, bt packet
buffer and initial input period shall be smaller than or equal to the
corresponding values in the SDP description or the corresponding default
values, whichever ones are valid.

The server buffering verifier is specified according to the specified buffering
model. The model is based on a hypothetical packet input buffer.

The buffering model is presented next. The buffer is initially empty. A PSS
Server adds each transmitted RTP packet having video payload to the
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buffering paraneter values. Signalled paraneter val ues
override the corresponding default paraneter val ues.

W0 200b@798cupancy of the hypothetical packet i nRUK/FI2005/050032

buffer shall not exceed 25 the default or signalled
buffer size. - The out put bi t49ream of the
hypot heti cal packet input buffer shall conformto the

Ve EiC et AR L PRl AR TE R Gapsmitted. Al
sbaitbcdlehezaipabbERIP @lamesierilayerare RéMoyadkBatssisrrememoved
. : . _ Ot § ap L o e
Wﬂgﬁp W%tgqugta%?r@@rﬁn ?Lgfe\(fgurrlilﬂg dﬁ g\é/rg{)‘@ ga"@d .‘(ﬁé fftial input
ceRgednthe initia) inrutingsiod starts whendse distdRBR macket is added to the
TR RSN, e BTG Wkt A e
C ROl Q8T fioM tHeBiPPetPIogh oReKeloious RuTs nestaned. Data
2E@ﬁé@@%eﬂ@ﬁd@h&%@@@@ﬂaﬂthé#aﬁmanﬁ widesi eitrateeunless the
tra 0 tqr t he _enco i [
(AFRORIEY,BaBREY Mo, BUPP £iols yfPia R’ FRPUE from the
i hypothatiedlypadkedrinpiiebbffersd. lersc oyped tpi iheuHgpothetisal Reference
Thi : ; . ; : _
e e e e
aABceqiag oRiopass dp densurtlythabtthe eengnsiesa msleogiepamnis decodable
I ?gé&%ﬁigcfdg Eree @Et Ebﬁam%@?eéﬁ FeRg mﬁaggﬁég%w%ﬁe@ece ge%oder 5
1S S S u S
oPPTORLTRY S Shepaiys hdfercaaldin ryparetclhatiencs decoder 5
%Loizerfl?o’m, tthenlstgﬁersioarameimsa!m $eantodifiecd Inatleat sasegehe new
AR e s I, P ) B 97 RARH Buters
dampeitiglized assondinglyr rect order, for exanple by

using the ordering of the picture order counts, and
hence the 15 reordering prqocess need be defined

cTB8reREosing AB HEANSTAINT dRviee dksUchiasng Hae server, shall verify

denglackefragghitied PROPESsacket | BReEMENt@hpEs d@RBNdest following
Hence[, th% .20 followi ng descriptionis a

nERAY'ENREN Gt i ve exanpl e of a suitable inplenentation.

O her Jtkeimefermy edek esthails baeubed Opith ntheatdedast or signalled

relati \ngféﬁfrﬁ%tbeargr%% f \?ﬁ%&é‘?%@éﬂ%ﬁﬁ@@?&éri ¥8l¥s override the

possi bl éenera conce
de- packetresp@n@ng defadt prametersdides. NAL 25 units

‘;ﬁ gg‘rt TRBSIECEDRAGY Bf Y hjpbth&fcaANPacket ihpGEbuff& shall not exceed
" the default or signalled buffer size.
- The output bitstream of the hypothetical packet input buffer shall

conform to the definitions of the Hypothetical Reference Decoder.

When the buffering model is in use, the PSS client shall be capable of
receiving an RTP packet stream that complies with the PSS server buffering
verifier, when the RTP packet stream is carried over a constant-delay reliable
transmission channel. Furthermore, the decoder of the PSS client shall output
frames at the correct rate defined by the RTP time-stamps of the received
packet stream.
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Decoding Next, the operation of the receiver 8 wll
be descri bed. The receiver 8 collects 30 all packets

whzlosagiony to a picture, bringing theminto a PCI/FI2005/050032

reasonabl e order. The strictness of the order depends
on the profile enployed. The fdcei ved packets are
stored into the receiving buffer 9.1 (pre-decoding

buffer). .The receiver 8 discards anything that is
ui&%@é—ﬂ' SI08nd passes the rest to the decoder 2.
Aggr egati on packets are handl ed by unl oadi ng their

p?ﬁ%%{rﬁj‘g@io’n”&héﬁog%rm@s oﬂﬁ? %6%58 ﬁl@ﬁ{/\%é NEnd%hESoptional

rocesse

2@w@ﬁb¢gmn9)c¢ammo@aﬁeeomgzedlatglyr @fé%r thedfirsheseqriachpigture is

Ridadyacies ~°p|ctUﬂa @ﬁo?rn@@éséd?ﬁv tN@Vfﬁst%ﬁ@”@%cheF t&J@ltput order
AE?% atlon Pac reinafter

14 Qisle o\ OUt pFeamas or be g Seme.

paramater Whl ch specifies the maxi mum anmount of VCL

SOt rRh BRI TR stdmn® enffda b AT BRSER can be

Nslarigdi tThen eRGedesck gictures anenbptiorsllgestotad it théreencoded picture
Cﬁﬂﬁ@satéh&*ﬁe%%mugguohtlﬁérﬁglgb %&ﬁ 93 IB?e‘?‘%‘%é%& il @k&r‘n@%, after

araneter 1s not presen
oaveeria@en parwéthevwdea SH@amr@ermdeqzlo When the video
streamtransfer session is initialized, the recel ver 8

alLl oc r the receivin uffer 9,
= TbRidksodier Podladley e blfpus e decfled Rigtbfes nrpifct order, for
r exar'mp@ by hmngtthetcsrdénng exf eiheepittuee vordeo ceungaranaintlence the
Lt st ecei vi ng
LRy P Mg Rraqeis eeEthy Shribelhh At Tl e o o
are stored into the receiving buffer 9.1. When the
?feeﬂea\(ﬁetlﬁHyer 9.1 contains at least N VCL NAL units,
e renoved fromthe receiver buffer 9.1
one by one and passed to the decoder 2. The NAL units
aﬂ'ﬁe“@’bfﬂ%‘k@ﬁi&rdri )prb@é@is\/ﬁsﬂ fnﬁ;ﬂﬁhfefhfatroﬁfﬁ&jép@hdbm‘fﬁlbnce the

o ol Aab i iptRR TF e sty Ct b e b Scru e fuipementation.
ufﬂther saeniies ardybeel ubed @as. wé’lhe(lmllmlzai]qnsorfelath/e to the described

ey 2 | [ d i1 the buff
AT e IR BRSRBla . Nl Ui . i 6. N1 VoL NAL

unlts 25 In Fig. 12 an exanple of buffering the

t g@g rﬁe?hpeohﬁédt%éﬁ%& hgedt! 8RB zatRIA FLﬁés ‘P§ td h8order NAL

[ epl cted. The nu r to decodi ng
oPBEﬁ ﬁomﬂrﬁﬁs I§8105 ger it mﬂngPQHAﬁ%¥%ryﬂ dBhits refer

to the transm ssion order (and
Decoding

Next, the operation of the receiver 8 will be described. The receiver 8 collects
all packets belonging to a picture, bringing them into a reasonable order. The
strictness of the order depends on the profile employed. The received packets
are stored into the receiving buffer 9.1 (pre-decoding buffer). The receiver 8
discards anything that is unusable, and passes the rest to the decoder 2.
Aggregation packets are handled by unloading their payload into individual
RTP packets carrying NALUs. Those NALUs are processed as if they were
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also to the receiving order). 30 Hereinafter, |et
PVSI D be the video sequence ID (VSID) of the | atest

WON2I05/0TH0T0 passed to the decoder. Al NAL uni t BCT/RI2605/050032

STAP share the sanme VSID. The order that NAL units
are passed to the decoder is Q%ecified as follows: If
the ol dest RTP sequence nunber in the buffer

corre ndsto ePa t he Uin the .
s(er&ﬂ Pk peparede J@p L[‘J th ?rﬁ’SN@ﬁﬁy J¥gre drranged in the
délggvegatioBPankeer. | f the ol dest RTP sequence nunber

in the buffer corresponds to an Aggregation Packet,

the NAL unit delivery order is recovered anong the WO

2b@r>¢|0a@@7debt§rb91mosalgeo@3me optiopal RUBOIRPERSIV Ch- NAL units
4 Eb%rﬁ’ﬁl‘é\‘&t\ﬁhlbﬁ sB@E’f@@‘ﬂh’@Pr%(lrﬁHm)QﬁmthjGF VCL NAL units

wr@%eeq?ggé? NELRAL it The horEetatiaam in AL unt gelvery order

Néhdlsfollbw tma W&H\lkbnyreyadlmﬁPS&emjemcE?ghmber greler dg in the

-BohBBsfhydonr Bt the gRediioR Tohas EBRRIRE T el yAL unit. i
dirst paregnéter isouitquésardda &valwd homber couldhze Mledof t he

NAL unit is larger than PVSID, the VSID distance is

equal to VSID - PVSID. O herwi se, the VSID distance is
an the viden siteam grnsier segsien is dnitializes) thasreseiver 8 allocates

Piinbbry f4othe rddividgibusiel . ﬁfcﬁ siefiny af eshst N bht,%es of VCL NAL

decode |n ascen of VSI di st anc

SO afhe NapSar SMSL SR tdecsiie 081 PR STioas anghgtores the
oretmivdd VIGds SlALhanitd intbhibe deeivitey baffal, | urtivrat deastt M pieces of
t rder j i's

S@)CITI\WMG;{{H t%aqSﬁl%ch%mrﬂ utﬂstreg&pil g‘ﬂ‘i egrgfjgr can be
recovered as described in the follow ng. 15 First,

SWW@rﬁtk@}%cgﬂb@bBﬁéMtﬂ A6 Gt RZIPN \?IEE‘T\IMLUMS NAL units are

pi ctures accord Ing.to rane nunoers

elr
t fefEQYRMFOhiNte feqeg\{erfq%ﬂea %1 268: Pyapne aRdURASSRSr torte decoder
t QeThéaﬂRL\(ﬁith%&leottrfé%eésﬁﬂF rémehed ,frdnlil@hé?'fébelver buffer 9.1 in

nest a dthe irst field fl long to .the s
ol E® et Lishlcbe oo vt stiled o L oAb ISR video
psequueere::e|ozhli)atnrfetrmr Nl UMislisgs piestubeﬁ dedlowi Tdve tslelL\lLBy of the
eﬁﬁfrgértsj &Hgﬂﬁﬁ%oﬁp‘% c&?tgn deﬁhllr IC L \‘#r’sc?rﬂgﬂs Jess than N
VECLNNAL IS, i@ N1la¥ehiNAL ohiter der. Second, the
dellvery order of the pictures |s concl uded based on
n idc, 25 the fr nber, the first field
?%5[9 aT% aphexaRYRiet 9l ? ﬁ]e Eabsmissianypaits in the predecoder
buffer of the decoder is deplcted The numbers refer to the decoding order
while the order of the transmission units refer to the transmission order (and
also to the receiving order).

Hereinafter, let PVSID be the video sequence ID (VSID) of the latest NAL unit
passed to the decoder. All NAL units in a STAP share the same VSID. The
order that NAL units are passed to the decoder is specified as follows: If the
oldest RTP sequence number in the buffer corresponds to a Simple Packet,
the NALU in the Simple Packet is the next NALU in the NAL unit delivery
order. If the oldest RTP sequence number in the buffer corresponds to an
Aggregation Packet, the NAL unit delivery order is recovered among the
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The delivery order of pictures is in ascending order
of frame nunbers (in nodulo arithnetic). If severa

WPRms07%9% share the sanme val ue of franme nunmberPCT/FR@05/050032

picture(s) that have nal _ref_idc equal to O are
delivered first. If several 'ﬂ:?’ctures share the sane
val ue of franme nunber and they all have nal _ref _idc 30

Rty ol efofodidh BefReisL FLETE 2RSS lfpper order
RURtilt thee sesinfjmplee Packetu texchesivielg Thisr set bf NALWS dg hereinafter
e?é(j‘@ C{eB % ]as tﬁe%%hﬁ’ﬁ%‘i@ﬂlALUsStlf ndWRiAR Ud@invd B&'.ﬁ'@. ifiple Packets

ondi n ant

pieside H‘sth@r@ff%r 2l N%(bhssb%l@n@@p ﬁ@n@g@t%NGbUS pi ct ure.
35 WD 2005/ 079070 PCT/ F12005/ 050032 44 Third, if the

FaE 7R NAheUls! feny  Bidicanciods; MU AV xoistance s
]P_aalbutaitédliaslfglldimgs aBCthttadV$lg)l gf theg l\{ﬁfL uhi is I:i—lrger than PVSID, the
WEIRsdRenBe gk fta Y0 P PT R Ok, 6B, VSY Risance is
t rgualolor 25 pomiven gf Aitsl atsad gargignal SID) fjeENSA@r:y V&D. NAL units
OéF’@BehIJé?e&i ht@é%%%(e%oﬁ@? cﬁa g do N@'olpdéngf n‘§ d‘%&ﬁﬁe If several

sed rder
pf\@\h g0ds nhare the Qﬁmgnvﬁtﬂ;r%ﬁaﬂ@%nthﬁ*a@mr ’iOnpaﬁﬁ\IIhem to the

ggﬁé%di@r' Is%gnyc@rﬁfeﬁh)e ;@nm&%ﬂ dﬁﬁl@dﬁéllﬁ/e%v d@ﬁdeﬂua@@rﬁéd in this
¢ BPecisglioruine MALLGAT dBMverd crbkbgap Hsulgoverin ag daserived in

t tree foNBwingni ts are passed to the decoder is specified

as follows: If the oldest RTP sequence nunber in the
buffer corresponds to a Sinple Packet, the NALU in

t FesSistipeeapddata pagitions aterassppiated with pictas aegarding to their

dﬁrhhﬁeehyrrfb"e?serRTPftlrF@@taﬁgﬁeéﬁd Iﬁ-lré:f G hlE geaf‘ QJs IsRaring the

er_cgrr esponds to an regation Pac
t feMRayalues of thg fraate Nnemisy. the RE% ?@é%?@ ﬂi‘%érSt field flag

NBbldhgcNURY e€mien pitigree SHIi RALBRS lsgtqaenée [SEraetstessteNALUS,

er arder next Sinpl.e
(e r&sP@@met?ﬁ.%ets'si*E@ﬁ Rt RBiRupE &R Vs, end of sequence
r &fAd U cbnidoofastradne NAIOdS, dandaflllMALcllﬂa NALWSe bidhdrigsto the picture of
in the buffer, all
I\m&gq{ on&%l'gmgg'n @%W@HQEO For each NAL unit
anong the candi date NALUs a DON distance is
CS'e%@hétl%@ ddvehPbIR thé pﬁcﬁ@re@%‘ c%fnchﬂ%dl\%lse'éjncbﬁ nkf ref_idc,

p rgat%@] g | ¢ HESIR fRGe st & ?@qbr%rﬂswp of sach picture.

2'Theusdiriery order of pictures is in ascending order of frame numbers (in
modulo arithmetic). If several pictures share the same value of frame number,
the picture(s) that have nal_ref _idc equal to 0 are delivered first. If several
pictures share the same value of frame number and they all have nal_ref_idc
equal to 0, the pictures are delivered in ascending RTP timestamp order. If
two pictures share the same RTP timestamp, the picture having first field flag
equal to 1 is delivered first. Note that a primary coded picture and the
corresponding redundant coded pictures are herein considered as one coded
picture.
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of bits to represent an DON and PDON as an unsi gned
integer) - PDON + 25 DON. NAL units are delivered to

wa bwsdeooder in ascendi ng order of DON di st ankE&l/FR605/050032

several NAL units share the sane DON di stance, the
order to pass themto the defdder is: 30 1. Picture
delimter NAL unit, if any 2. Sequence par anet er set

N e e booglen, B 44 080 AP TEhE 1 bitb S Srerng,
sthe:dehiaim opdert ot sloesNiid Andata pdriitidres [ inn@asoendodedrder of the

2Brep! ARUe slicd s@ﬂ&x‘é@r@ﬁ?{n"tg%%@e %%6?%\98%&%90@%(1 C data

oPattiiens daunediately deliaw the cqueéﬁondmgaﬁydata partitien in delivery
datgerNAL units, if any 8. End of sequence NAL unit, if

any 5 9. End of stream NAL unit, if any. If the vi deo
decoder in use does not support Arbitrary Slice

Ofrdlehé nghoviehthe deimy EIYSIDr ded YBIB! wers used. AediataPDON (the

PRPLOAE b CnfinbeL 57 1l pRAGI AR, OHif BF ot aadrfidation packet in
I\/NPeLowert detivand o@ar) atut ﬁ)(blslr(tdecodtmg praesdiemeey can be used
%%?ol@%{sr E\%Pﬁ%r@ f fhdRRNRG! de- t'n’E E8§‘séd1to ﬂ@'de‘é%ﬁér be 0.

Itiona et1zatign rul
pe@dggmtﬁ%h Hﬁn@@ée]pagﬁed Bbﬂlea@%ﬁﬂsﬁr iggipecified as foIIows If

dehed Wikt | REP: sdfikddc eahanfb”eesmntred bufet faerr@éﬁomczseé Simple

Bact e Ao s S oo raast Tarte gk dp el tfhe NAL unit

t beliverprodeer. llmtheheldéggﬂé'ﬁ’a;eequemecrhmhbenﬁinl theAblfferaforresponds

Repa0 RIPBI o RO e AL DI GORBH, BReP 18 i el bmong the
(éJPQ,Us nor@em@ﬂays)“gmggatmﬂaﬁyeﬂsmt I%EBPAgeqwencw nggtoer order
Dﬁ’ﬁtll' (?fﬂlé%j&rhp% PabrarR x%%n%@crr‘ﬁ?s gef o? ‘N/@Let!]é’ it Mereinafter

titions, hei'r informtion

né%fﬁrrﬁa|te§§ thercaﬂﬁ@aﬁ/h%éb%dfemo NALUsheenvgyed Ira Simple Packets

Nedes kn Blees iy, SIARALERUSSRo NG toediditgeNARKUd] scar di ng
usel ess packets, w thout parsing a conplex bit

stream
For each NAL unit among the candidate NALUs, a DON distance is calculated

as follows. If the DON of the NAL unit is larger than PDON, the DON distance
is equal to DON — PDON. Otherwise, the DON distance is equal to 2°(number
of bits to represent an DON and PDON as an unsigned integer) — PDON +
DON. NAL units are delivered to the decoder in ascending order of DON
distance.

If several NAL units share the same DON distance, the order to pass them to
the decoder is:

Picture delimiter NAL unit, if any

Sequence parameter set NAL units, if any

Picture parameter set NAL units, if any

SEI NAL units, if any

Coded slice and slice data partition NAL units of the primary coded
picture, if any

ok~ w0~
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25 Intelligent receivers may discard all packets that
have a NAL Reference Idc of 0. However, they should

wPrwserw7t hose packets if possible, because thBCUERH05/050032

experience may suffer if the packets are discarded. 30
The DPB 2.1 contains nenory pﬂ@ces for storing a
nunber of pictures. Those places are also called as

oBroaeCoBRa 968 A Ve E Etbetin KT, UG B Ine reonpagpt coceo

spictiresdéaagder exam nes the video sequence ID

i pf or Ilbfaanghn%r{dtgcﬁ'a}ﬁgd pictures. If the encoder

has sel ec b sequence ID for each group of
pBet ur Esdfaf sepyeneENAbeunib it decodes the pictures

0b. theEgaQﬁgnggnguAanm3ﬁbﬂ the order in which they
are received. If the encoder has defined for each

group of pictur es the WD 2005/ 079070 PCT/ F12005/ 050032

3& thiedeidte_sedat&mee iI;Q_JéDj does nﬂ)timp{rﬁlmegtrbifrgryﬁ @ﬁge Ordering, the
¢ AR oo MR Al R o Il B, SGERRE SEERERRLorcer o
| e fitst_robhier slee dgntaxredepeotin tife pliast beaderndaragvenhdd and C
PB4 S (PaREstl YO EUEnREHARINS A°BIE Stton i

kPRbvesy o&d&dt ens and devices. The transmitting device
6 including the encoder 1 and optionally the HRD 5

AL S0 8] BB P LA p fpplement ar
cbperatibndl JVhede-paeketizeg NALUseard pnesbutdaei tohther 8¢ €idemoder in
24 R e By Ry Bk K BerRLED foqoator
dP@pkaty@r@ prasentmhmsthesrsordm¢m:§hmé‘iggt%gﬁtw@ pagiet. All NALUs of
vv| o4 ggsrega tighdbddret C&%bé‘é’és‘e@” pehstBNele AUORT® packet is

omuni cat | annel . The transmtting
dB{RGESSafd t he receiving device include al so one or
nore processors 1.2, 2.2 which can performthe

5 Ll he . ,
SRR BEThbel s LG EAbAS S ity o pRg: = st
t BPA iimveand,othe Gatewhpr MAM ldecidet hot tacsemddtheg ORB tdred DPC
PEERRoheL A Bl e lon LA RGBSR DU icn. i tis way
b 8f netwiony etgmefieCa (E@Quc@s netvprsdoadihlyedisparsing nseless packets,

”WTﬁbMt éar%mc?za%ﬁ’lfpléMtsﬁé‘é(mceS The program code 1.4
of the encoder can be stored into the nmenory 20 1. 3.

Respectively, the program code 2.4 of the decoder can
bintsligemidrecoiverd by discardalldatkets that have a NAL Reference Idc of

0. However, they should process those packets if possible, because the user
experience may suffer if the packets are discarded.

The DPB 2.1 contains memory places for storing a number of pictures. Those
places are also called as frame stores in the description. The decoder 2
decodes the received pictures in correct order. To do so the decoder
examines the video sequence ID information of the received pictures. If the
encoder has selected the video sequence ID for each group of pictures freely,
the decoder decodes the pictures of the group of pictures in the order in which
they are received. If the encoder has defined for each group of pictures the
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It is obvious that the hypothetical reference decoder
5 can be situated after the encoder 1, so that the

wWhyesnetd cal reference decoder 5 rearranges tPE/FREDS/050032

encoded pictures, if necessar% and can ensure that
t he pre-decoding buffer of t @ receiver 8 does not
overflow. The present i nvention can be inplenented in

buf ferin ri whi.ch can art of the .
hyBsBheeRbench dPL i, deintb ief ol (4" dhe e A, npmoering
f solmere, the@edEde0astoded T0e REDLE| ZXOPiBILES 1B 2heddrder of video

?ﬁ@dﬂ@r&e stA Iﬂedtﬂgp V\fo?ds bt’ﬁ(ef @Iohggofe@‘éfﬂq%j h%#/ﬁputrh%ssmallest (or

eRtggesh ineq sequenae |5hlséiﬁ§>@de¢ firgt. t r ansni ssion step
for 5 transmtting said encoded pictures to a decoder

as transm ssion.units, a ering step for buffering .
T BRaPeST CRVBRIGTS Can e APR LGS 1A NI o Jup arts gnd Sevices.
bThberansmnidirg deviodiongchiding ty edesdst haindheptaredigete HRD 5

padvafEebddy IRRE Rise SRR L 1 SPupsMIFLE oot pictures

| atte tramsnisaiesndhesinehd uhihe sedeividg fdenmice Singludecthe receiver 9 to

ol t
i ﬁ'%ﬂ@%ﬁgéd%éﬁwr%ﬁog%aggéécﬂfﬁz Oé‘nd %ed@ﬁql%ly% @PbntWiich the
WHepeser! EREUIRGBER U5 CISPIRNGR LT HANGRISEon S6aNTel e be, for

ceksmbﬁat izoRndfind B@nin%rﬂbatﬁjnz@hamen RRdidras ireRatls damimehication

o el BRE TRmitng devias™ e 1 rdeiviba davica  nRHAS diso one or
chmra] proosiseosi n.2he. 2uwhish @ant peners shennecssstsy steps for
¢S50 P e B bReES: 8 3bg Sl Bepring to ne
t svestion. ﬂnerefdrﬁ;etheoﬁnethadsmwdmg tmithe, prgisentiipvention can

tPr%qur : dﬁ@@héﬁ%@%@ rh ci%et%%gﬁférbr@ sﬁfﬂs’\bfblﬁ'e o@@ssors The

i nt €9 according to c al m1l

whEt@ing chéhe, Meﬁ%&an P&n‘ﬁﬁ'@@ﬁdwd iinthes Meseeryi 3y ge3 of the
cabeigbat Tign Qfgréﬁﬁcddﬁ #l4 sfithe dreotibecan e sfléreﬁhﬁto the memory

”5%3@%&@3\@ nife Froftary RosR AT ot BTyt stored into the

chremor,2.8herei n the nunber of transmi ssion wunits
used in the calculation of the total size is expressed
as in bufferln? order of the transm ssion units.

sitgs arbviasspinias ithey hyipotiriicakrefetancendesndes pran Ltneesltuaéed after

tfRNeAtéd& 1] 86 that the hypothetical reference decoder 5 rearranges the
encoded pictures, if necessary, and can ensure that the pre-decoding buffer
of the receiver 8 does not overflow.

The present invention can be implemented in the buffering verifier which can
be part of the hypothetical reference decoder 5 or it can be separate from it.
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30 transmtting said encoded pictures to a decoder as
VCL NAL units, a decoder for decoding the encoded

wWPwms0T%%0 f or form ng decoded pictures, the deRGUER005/050032

conprising a buffer for buffering transm ssion units
transmitted to the decoder, fherein the system
further conprises a definer for defining the buffer
size so that the total siz f at | east two

transm ssion units is definm the 35 maxi mum
buffer size is defined on the basis of the total size.

V0 ANSAENRY R AT LROOSLOTRARR:. 48 foy®h FEGEME af Bhcoding

tﬁ’@@sfﬁrt fqrﬁ@pg ﬁio@dedd@q@deqw@t&n @@co@era a:lér@@éahssa@n step for
t[rﬁﬂ§|ﬁﬁﬁtﬁﬁg Oéhlé”éﬂo%d(e@rpﬂ@tﬂré@rtbnﬁ débcfﬁerbégft%ns?fﬁéjslon units, a

e .encoder. her co
QB RTO Bist TicTRTIAG tTANBTHSY PR LS JEArSgVRAA L s decoder in a
t butir, sarek aofle@ddihg atép tfoo dbcadiagi thei emcaded pictures for forming

daéb éo{% 3{&%@?‘9 wWhéteil rﬂw@ Lﬂ)gfffgﬁ_ﬁe 4& de?mgafs'onﬁw%t ) {cpgl size of
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6. A system comprising an encoder for encoding pictures, a transmitter for
transmitting said encoded pictures to a decoder as VCL NAL units, a decoder
for decoding the encoded pictures for forming decoded pictures, the decoder
comprising a buffer for buffering transmission units transmitted to the decoder,
wherein the system further comprises a definer for defining the buffer size so
that the total size of at least two transmission units is defined and the
maximum buffer size is defined on the basis of the total size.
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11. A storage medium for storing a software program comprising machine
executable steps for performing a method for buffering encoded pictures, the
method including an encoding step for forming encoded pictures in an
encoder, a transmission step for transmitting said encoded pictures to a
decoder as transmission units, a buffering step for buffering transmission units
transmitted to the decoder in a buffer, and a decoding step for decoding the
encoded pictures for forming decoded pictures, wherein the buffer size is
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defined so that the total size of at least two transmission units is defined and
the maximum buffer size is defined on the basis of the total size.

12. An electronic device comprising an encoder for encoding pictures, and a
transmitter for transmitting said encoded pictures to a decoder as
transmission units for buffering in a buffer and decoding, wherein the
electronic device further comprises a definer for defining the buffer size so
that the total size of at least two transmission units is defined and the
maximum buffer size is defined on the basis of the total size.

13. A signal including encoded pictures as transmission units, for which
buffering requirements for decoding of the encoded pictures is determined,
wherein a parameter indicative of the buffer size so that the total size of at
least two transmission units is defined and the maximum buffer size is defined
on the basis of the total size, and said parameter is attached to the signal.

14. A transmitting device, which comprises an encoder for encoding pictures
comprising a transmitter for transmitting said encoded pictures to a decoder
as transmission units for buffering in a buffer and decoding, wherein the
transmitting device further comprises a definer for defining the buffer size so
that the total size of at least two transmission units is defined and the
maximum buffer size is defined on the basis of the total size.

15. A receiving device, which comprises decoder for decoding the encoded
pictures for forming decoded pictures, comprising a pre-decoding buffer for
buffering received encoded pictures for decoding, wherein the decoder
further comprises a processor for allocating memory for the pre-decoding
buffer according to a received parameter indicative of the buffer size, and the
buffer size is defined so that the total size of at least two transmission units is
defined and the maximum buffer size is defined on the basis of the total size.



