¥111111111211111111 SYSTEM AND METHOD FOR DETERM NI NG EN NG PARANVETERS Thé
I nvention relates notably to a tool for supervising an WWW the 5
codi ng paraneters for allocating avai Habl e throughput b Merat i on
of source coding and an operation of protection by additionisafes '
error-correcting coding, called for the sake of sinplificationjoiat—
controller, making it possible to allocate effectively and in a realistic

the one hand : né 101 G ARDERRIHGH S 8 SETERAININE RNCHENG Ga umy and on
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etc.) allows the installation of a strategy for optimizing the video datum

transmitted so as to cope with the estimated transmission channel, in or-
der to obtain at receiver level a better quality of video image perceived by
20 theuser.
The invention finds its application notably at the level of a video data serv-
er, acting as an intelligent broadcasting pump which will control the com-
pression and protection levels introduced to improve the mean quality re-
ceived, doing so as a function of the information about the transmission
25  conditions received.
In the descfiption, the expression “constrained environment” corresponds
to conditions of transmission of video data through a channel with errors or
losses and also to the fact that the throughput is not uniimited (existence
of a limitation or constraint on maximum throughput). The notion of work-
30 ing point or operating point of a system refers to the transmission condi-

tions for which the adjustment of the system is performéd.
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* 5 The separation theorem (established by Shannon) which says that
i ndependent optim zation of each of the elenents of the transm ssion chain
is sufficient; The installation of oftional solutions of tandem codi ng,
that is to say, the concatenation of source coder and channel coder, for
one 10 or nore pre-established operating points. This second approach
presents the drawback of being static in the sense that it.-does not make it

possible tg adapt to variationg in the. transm ssion conditions. |In general,
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the end user for simlar use of the resources or to use only a part of the
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i nvention. The ob'i_ect_ of the invention is to propose a nethod and a device
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coder and an i1teration | oop makes It posstble t redi ction
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for any coder, and, for standard currently existing ip the field of
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not only per put prediction subsequent to conpression, but also
det er nehe thatiropdiandatar transmiseionseran hecapirayiayhpWhenl thectiarsmissiarne
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able throughput is unnecessarily allocated to the protection of the stream
transmitted, whereas it could either be spared, or be used to send at a
higher useful throughput. Conversely, when the transmission conditions
30 are worse than the operating point adopted, too large a part of the

throughput is employed by the unprotected useful datum, thereby leading



25 the case where the operating point of the systeminvolves the presence
of losses or errors caused by transm ssion. In the subsequent description,
the expression "reference videos" rel@tes to all the references which are
used to create the charts and which are files provided, for exanple, by the
| TU-T as comon reference for the whole of 30 the video processing
comunity so as to carry out tests. For exanple, the 4 'Foreman' sequence

sed,in.this technic i el d. The subject of
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conpri ses Hsufficient inpeaddicep of determ ning one or nore conpression
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range of t binilaylusetofhe oesafrcegiat td yse€bnlyisspait ef tHeoawsilablerebosteasce t o sai d
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by obtaining better quali'ty by using the band allocated initially, with respect

to the case uncontrolled according to the invention.

The object of the invention is to propose a method and a device which no
15 longer work solely on the actual videos to be compressed. The method
implements reference files or charts used as behavior models of the coder
and an iteration loop which makes it possible to adapt the prediction to the
video sequence undergoing processing. The proposed approach is valid
for any coder and for any standard currently existing in the field of coding,
20 by performing a change of charts. The invention also offers additional
functionalities. Thus, the device according to the invention can not only
perform throughput prediction subsequent to compression, but also de-
termine the optimal ratio between the throughput allocated to the com-
pressed.datum and that allocated to the insertion of a corrector coding in
25  the case where the operating point of the system involves the presence of
losses or errors céused by transmission.
In the subsequent description, the expression “reference videos” relates to
all the references which are used to create the charts and which are files
provided, for example, by the ITU-T as common reference for the whole of

30 the video processing community so as to carry out tests. For example, the



* - conpress the video data to be transmtted with said paraneters. Accordi ng
to one enbodi nent, the nethod conprises a step of protecting agai nst
transm ssion errors, the protection paraneters being determ ned by taking
account of the data transm ssion channel and of the conpres- 25sion
paranmeters. The invention also relates to a systemfor optimzing a video
transm ssion in a constrai ned environnent conprising a video coder adapted

for codin he video data t nsmtte t he data ans tted via
2 opt onaiTomER. peRTase s dnaBest BRSAR AoriiRan s iReLiB iR teeh Rt hat i 1
conprises §Qigat | east one coder provided with a processor suitable for

executing the steps of the nethod according to the invention. 5 Qher
characteristics and advantages of the present invention will becone better
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represent : videbdrdresrissiandh wédﬁﬁtl’fa&m"cﬁémfo?ﬁhé’m dﬁmﬁfl’slﬁg?%rmdi@é Yod¥stem
according to the invention, . gure 2, the principle of a first type of

chart repr ég’éﬁ“ﬁdﬂ‘@r CRAing; fbéd’"éﬁ%rj?t%/toabe éfafﬁﬁu‘ltfﬂd)n caaratcmlzgdanttha tion
intervals, ﬁieei]st?%n%r Sfap' Bf ae@rmﬂaﬁg Oéorﬁplae{s%eo?how ng

di agr am rratlca roughput expresse unc lon O
guanti zat i paramemrS/éd)rsthe Fidgor eoder anmdereﬁ smlaectbl ngnsmifj Lsmid ivikdad on
interval for a ref erenﬁe chart 15 _Figures 5A, 5B, K 5C and_ 5D, a refl nement

of the chofatd aka giyanthroughpub Pi Pﬁf‘éfra/QlVeﬂcﬂL{?é%@éElyméﬁUmatr gpst

quanti zgt i g{bmf)@,{pﬁ‘%ﬁgﬁsmy be used, Figure 6, two exanples of
refinement of th oi ce of the quantization interval to be used when

sever al quadefiraandusgaeterenes shantefarGaichdoden cansidered,
- predict for the part of the video sequence undergoing compression, and
by means of said reference charts, comp.ression parameters to be used, at
least the quantization interval QP, by selecting a chart in the (QP,
15 throughput) or (QP, PSNR) representation which for the targeted range of
throughput Di or of quality Qi, is the closest in distance to said part of the
sequence to be compressed, while complying with a given margin,
- update with an iterative method the prediction step so as to converge on
the best choice of parametrization, said iteration method being composed
20 of at least one compression step followed by a verification step,
- compress the video data to be transmitted with said parameters.
According to one embodiment, the method comprises a step of protecting
against transmission errors, the protection parameters being determined
by taking account of the data transmission channel and of the compres-
25  sion pa.rameters. _
The invention also relates to a system for optimizing a video transmission
in a constrained environment comprising a video coder adapted for coding
- the video data to be transmitted, the data being transmitted via an option-
ally non-perfect communication channel, characterized in that it comprises
30 at least one coder provided with a processor suitable for executing the

steps of the method according to the invention.



*Figure 7, the illustration of the inpact of the loss of frames in a GOP,
distortions corresponding to frane |l osses or PSNR on partial GOP,
Figure 8, a flowchart showi ng the steps executed in the "total" 25nbnde,
Figure 9, a flowhart showi ng the steps executed for the "partial and
trials" node, Figure 10, a flowchart describing the steps executed for the
"blind" node, 6 Figure 11, an exanple of the evolution of the PSNR with
time for the "total" node and in the non-adaptive case for a target
t hroughput of 180 kbps and a vari able signal-to-noise ratio on the wirel ess

channel (' B#& @Haractefistics ¥hdl@avasiades o th&ptdsehe inVentibh vill b&€oRIeOPs)

Figure 12, an exanple of the evolution of the PSNRwith tinme for the
"partial abetterapparenhisae readingtheodesatiption\od avaexemplary ambedigeent hr oughput

oD oPShBRby B g R Rh SesBrBl E Yhe OR T,
a co! | ecti %idhfre@f’@éérﬁ: plotti ng the PSNR as a function of the thrpughput
obtai ned for video sequences in the PSNR 15-Hz QCI F format, Figure 14,

a col | ecti on *of Fighise t1s agliagtanh sepnesentative gh gt exemplanyusystemsageeordof the QP
obt ai ned for vi inthe 15-Hz QCIF format, Figure 15, a
REReIRG TR

collection of ¢ "the Infra function in the throughput of the

GOP as a funati pryueé 2t ige bahaibld B Yigstype @Pichbritadpfddenting@le sRigeences in
the 15-Hz QCIF format, 20 Figure 16, a collection of charts plotting the

Infra fraction AHalith@sthiunggapeof the quartizeiPndrteivalsincti on of the PSNR
oo RS RRERRle b5, Al OB S G MR RS, 3
the prediction gahitkaethdthraudghpit exprddsed as a function of the quantization
intervals,
e Figure 4, a way of selecting a quantization interval for a reference
chart,

15 e Figures 5A, 5B, 5C and 5D, a refinement of the choice of quantiza-
tion interval to be used when several quantization parameters may
bé used,

e Figure 6, two examples of refinement of the choice of the quantiza-
tion interval to be used when several quantization parameters are

20 candidates, | '

e Figure 7, the illustration of the impact of the loss of frames in a
GOP; distortions corresponding to frame losses or PSNR on partial
GOP,

e Figure 8, a flowchart showing the steps executed in the “total”

25 mode,

¢ Figure 9, a flowchart showing the steps executed for the “partial
and trials” mode, _

e Figure 10, a flowchart ldescribing the steps executed for the “blind”

mode,



* 25charts (1st GOP of the 'Foreman' ITU-T reference sequence in the 15-Hz
QLI F format). To better elucidate the idea inplenented by the invention,
t he exanple which follows by way of ngnlimting illustration thereof calls
upon reference 30 videos, which are those used to create charts and which
are files provided by the ITUT as comopn test reference for the whole of
the video process- 7 ing community. For exanple, the 'Foreman' sequence
which is used in the exanple is the best known. The charts can al so,
wi t hout departi Figureohl. 1t exemple of therevolwientafdhe BENEowith tinae der on t he

basis of a coll I 0 at i dat a
correspondi ng tgl‘ﬁzft ﬁg{bslc@-&gﬂ%ﬁ]g?g}é ﬁﬁrﬁa'%?ggt'\zémclgﬁ%?éﬁ %g%ggﬁﬁgggp'ef erence
charts are det epat oBd80 kbpd\vanta variableasignblodo-ridise rdtiteynahe wirgléssed out,

preferably, on the vid coder, w ||l actually be used in _the system so
that the predi cPFBﬂ”‘?'sﬁg‘?reﬁlﬁm’ Lﬂi‘l i VideoTsrauanese RGIFeAPeiZnfirst nto™ t he
present s descri p@@ps)are ei ther the sequence 10 that one seeks to transmt
whi ch may be an arbitfrary sequence, or the reference sequences which wll
have served, dbeFagurbatl] amexampie afithd evolatibn dfathesPSNR sithamastfer [t is

t he use of these varius charts, constructed on the basis of reference video
files or extrac Rﬁfﬁﬂ\s?%ﬁfd%éﬁ Wcﬁf@ BPNeLaPlys CRE ]%(5@ kyaet - 15

ered which, by WrbldRo! of 160 REBHIdrid A arieBR bighaRftiAEde! i dmﬁ]e{;et hod

according to the invention, makes It possib otably to preclse pr edi ct
t he paraneters wirelassushkahnea (Glaramana ITdiigeiden dequence, IQGIFANS Hzi ar get

t hr oughput , andﬁt?ﬂoﬁ?@% Sven when wor ki ng on a non-perfect channel, and
therefdfe faced t $&s or errors agai nst which will be added the

20pr edi cti on of Fidige 18/ clfechbRIFChaRS FlotiRg tREMPSKR: asbtilAttorfigpar ti ng
fromthe scope of the invention the nmethod nay be used at the level of a
vi deo data servihe throughputagbtainadfarl vidge reequences ars tthe PINRp1SMizzh wi | |

control the lev n e nodes (e.g. choice of packetization, type of
coding, etc.) oﬁ@gﬁﬁ&@égl on and protection introduced,

e Figure 14, a collection of charts plotting the throughput as a func-

15 tion of the QP obtained for video sequences in the 15-Hz QCIF
format,

e Figure 15, a collection of charts plotting the Intra function in the
. throughput of the GOP as a function of the total thl:oughput ob-
tained for video sequences in the 15-Hz QCIF format,

20 e Figure 16, a collection of charts plotting the Intra fraction in the
throughput of the GOP as a function of the PSNR obtained for vid-
eo sequences in the 15-Hz QCIF format, and

o Figure 17, an exemplary estimation of PSNR, a comparison of the
experimental results with thé prediction obtained by virtue of the

25 charts (15't GOP of the ‘Foreman' ITU-T reference sequence in the
15-Hz QCIF format).

To better elucidate the idea implemented by the invention, the example
which follows by way of nonlimiting illustration thereof calls upon reference
30  videos, which are those used to create charts and which are files provided

by the ITU-T as common test reference for the whole of the video process-



* 25 30 as to inprove the nean quality received, doing so as a function of
the information about the transm ssion conditions received. Figure 1 shows
di agrammatically an exenplary transm gsion device, in which the method and
the tool according to the invention may be inple- nented. Such a device
wi Il conprise a source coder 1, receiving the data-30 or the stream of data
F1, and suitable for carrying out the conpression op- eration, optionally a

processor 2 making it possible to ipplenent an error- 8 correcting coding,
and a pr ocg&%?m@%é‘_ﬂfyt _g%rl @xqmpleeﬁ&%r%@aphge%qeé@ "éi'%'&ﬁ_r‘%ii’ﬁ@d _ﬂrbﬂ'iene
i nvention, eRampRNEMMRSbES: KMAINEThE S hcdR¥IsBe vﬂth%yae@%g@gu%w or a

W rel ess transm ssion nedium a receiver 5 having nota ncti on of
decodi ng t He deepre of theninveintien, be qoostractedvomihe basisl efda Sollectmngbf t he

transm ssi gn _channel and geper ati a stre F2. The device,al so conprises
means for §?8‘f?'?ﬁ?so@r8§e'ﬂﬁﬁ\ée 8&&3‘?%‘? q;icg?g]% Cé’ékﬁfé’ﬁeag'p %’sthﬁelsPe'as t abl es
or charis aanb af M gystéM ihBaflgghputs and the video quality to be applied to
a data sequence. The word "controller” will be used in the description to

desi gnat e Thes@relesencs chants errdeterginatbinsadyancsf ontreang foriall.nDky At | east

codi ng. oporit anieuaEhlee Srf MR By fafer el Wb RlAT M e¥irkrc ol ca

by a contr thd systempeo thattthe Phedisiinmgist dfegdqory quaitgr s or a vi deo conpressi on
card, which nust also integrate a processor hosting the software 15part of
the cont r oll NE&IQMEBISSEBHNG ¥HE the pfsent desrinting, arecritieyithyy SaadenGansni t ti ng
vi deo ta j J ¥ 1 t be
descri ggd |thnan '?j Hggs%nmnéﬂ@smoﬁwgﬁ[hﬁ@agﬁgp@ %gor%fsrtgrlyiiﬁtq%k{e h}g} %)Hrel Ig’a‘lanal ity of.
t he met hodemmteo$edquencesolhiahomitl diave servedebefoveimindandedricegand fprossi bl e to
al l ocate an 3vai%%§l§ t hr oughput be- 20 tween on the one hand the source
codi ng of PhdOASRYISALNAIS 0 be transnitted and on the other hand the

addi tion oft igheé @ebitihbse VARSEs €RbAs TBnaRULEd ITIIRL bAdisoF TefepeRis €1 1 ors
will be detailed. The constraints on the optim zation nethod are given in

terms of t Mideadfles pntextiactsd fropetypical seiquencesiaf ithe applieaticnscensiday a | evel
reprootht " RLHIGTS Pyt of el plecictaffo B B s iR Metfh o sed case
(for whi chcoitng s eeineention, mbRes @\poeite dotdbigto predisdipWrédigptiees), this

corresponds to naking Ec);ood use of the resources (radio in particular) used
and maki ngPaameiess BPebei wsad te coltativiadéarget ividee malibh ande agtaipet y

percei ved WOﬁgﬁplﬁP%nHSt%r'd(f) %ro 8ven when working on a non-perfect channel,

and therefore faced with losses or errors against which will be added the

20 prediction of the level of protection to be applied.
Without departing from the scope of the invention the method may be
used at the level of a video data server, acting as an intelligent broadcast;
ing pump which will control the levels and the modes (e.g. choicé of pack-
etization, type of coding, etc.) of compression and protection introduced,

25  so as to improve the mean quality received, doing so as a function of the
information about the transmission conditions received. |
Figure 1 shows diagrammatically an exemplary transmission device, in
which the method and the tool according to the invention may be imple-
mented. Such a device will comprise a source coder 1, receiving the data

30 or the stream of data F4, and suitable for carrying out the compression op-

eration, optionally a processor 2 making it possible to implement an error-



* 30similar use of the resources or to use only a part of the avail able
resources while providing identical perceived quality. 9 1In the exanple
taken to illustrate the present patentg application, the neasure used to
estimate the perceived quality is, for exanple, the PSNR, the acronym
standing for Peak Signal to Noise Ratio, which is an objective neasure of
distortion used in digital images, nost particularly in inmge 5conpression.
It is defined PSNR =10 /| 0 10( 255 Evvhere VBE —(Pls(l J.) M,Q
are the di Fr@ﬁ@?%?%cf’w&t ANf1 3 @%ﬁaohé ﬁgﬁa)b &forigxecuting She migRs acand pl (i,
i) (pr) %ﬁbﬁﬁgft@%é VB8 Sa Hanshfis§on TharhelCd viHiBR mdyPhe LHRNS! F uct €d)
position (i, I n the I mage. a an o?ﬂer tgb ustr'atg‘t)ﬁge ?ﬁ%% and the
i.mpl ement at:abhmkum@r at\MEelemtran:pmlssmm\nieldlummadeCewér 6 havingmdtablyof

I mpl enent ati Ki pOsS cover. .a significant nunber

scr:rgnarl 0s. Tﬁl‘é’gga cf?rdén%? a(l_'):?”oi 'g‘ﬁ vid§o ot qqnﬁgalp%\flng)ﬁragﬁ&pc{ o enabl e
the reagler tHr@u?ﬁ&ﬁ@&raﬁQﬁﬁéﬁér@@Haﬁﬁ@ édl‘z\/g@ner%ﬁhg AstréArh TS, The ddifcePar anet ers
to be taken into consideration wl ependent on the 20 appli catlon

that is toak@yCunprses m@ﬁQSrfaﬁ stiosing origeon miose chatte o vikansequancebe

I mpl enent a ti ere the video and
audi o part%gg‘frbé %So%%(la%gg r?aﬂ{é t8 m@!ﬂ ﬁf&@p@%aﬁé@%%’“{‘?f’oﬂé@' at a al one,
and of thetd bé@rmwiédwaa!'aialwqh@n&@rm@ww@fd:dmtio?ﬂelrbwllltt@e bsed @i tHeed out .
These various conditions, including in particular the conplexity and 25

real -ti me SpesriRtionglo.drsignalethe Rraeersadiimplesnening the stepsref the esnal | or
large Lag, yppd according to the throughput to be delivered) but also the
oper at i ng fl fe of the video itself (going fromthe prerecorded stream which
may be regAt edsy twomardadedcdrdiguratidnst aneecdricendbles 3 compaterioaeryingg | ust

out the coding operation via software, this software then being in fact con-

trolled by a controller/supervisor choosing the parameters or a video com-

pression card, which must also integrate a processor hosting the software
15 part of the controller/supervisor.

" The steps of sending, receiving and transmitting video data, being known
to the person skilled in the art, will not be described in thié document. Only
the steps constituting the originality of the method and of its tool according
to the invention making it possible to allocate an available throughput be-

20 tween on the one hand the source coding of the video datum to be trans-
mitted and on the other hand the addition of protection to these data so as
to combat transmission errors will be detailed.

- -The constraints on the optimization method are given in terms of through-
put or of hoped-for video quality, that is to say a level of quality estimated

25 by an objective measure, the aim of which is to represent human vision. In
practice, by comparing with a non-optimized case (for which the parame-
ters of the device are fixed at default values), this corresponds to making
good use of the resources (radio in particular) used and making it possible
either to provide an increase in the quality perceived by the end user for a

30  similar use of the resources or to use only a part of the available resources

while providing identical perceived quality.



* 10 once), will require various practical strategies for the optim zation.
met hod according to the invention. By carefully considering the various
nodes of operation which may be dis- grimnated, it is possible to
di stinguish three main cases: going fromthe 5 optimal (froma contro
poi nt of view) case where the a priori know edge about the nultinedi a data
streamto be transmtted is conplete, to the case where certain information

about the streamis knogln but for which the tenporal constraints will allow
the cont r ol Hie e¥arpelgitagen o dlugirate the RregentRalent applicgtiprstheameasy

configurat | ; i, ¢ ; et , w0 the nost
T ul ¢ SREBSORIO SRR B BoftRiee bty e 18f Sxafiplty e PSSR e
par anet er sacnye stadling forePleakiSignaintoy Noisa Ratiok mdwdhe tiganodbjedtivepast

configurations. ln.practice, as.a function of the scenario considered for
an appl i caf%7Ur 178 c{@g’ft'o&o%?@l'@ '&% 'H?ag‘fﬁ‘ef%??'toﬂa'i?‘g&@é'VéEt'mf%d t he
choi cess of c6@Preskrdn. M isURfingy4sk i on are made as a function of this

i npl enentation of the in- ventifon. 1 - "Total" node This termis adopted

for the case where the controller, which 285t he me- chanismcontrolling and
directing the operation of thepglgﬁr:cl@l%d%_s has 20 total know edge of the .
sequence of the data to transmt the information. For exanple, in the case

of a video data serv 9 i;l i ible to store various conpressed

ver si ons oWhé"%eft{tSEﬁcagz(p' )PP oddr@uaee dmel/dimensiopsufwidihs of t he
sanme origi nal sequencé,/=or sinmply¥ it will be possible to store the sequence
slightly c I unconpressed a I'l, 25.as.a table or char

cont ai ni nggﬁ$@§?@§?9P[q?ev'ﬁﬁpdmaﬁﬁﬁt @nin’gﬁvﬂd@l @éﬁqst@eéﬂ%@@t? ‘?‘{)r a set
of conpresg| : [ - - More generally,

t he expr esﬂegﬁxeﬁé&m’?d3°%%°?ﬁ89§§892ﬂ8%'ﬂ°{‘Zﬁ? ﬁﬁ&%ﬁ@% Sunderstood to nean

the faet of knowi ng the throughput obtained for various coding
confi gurat |

tizati t patial resolu- 30tion, t |
" asol 1 onl™ Sis o Hlis 2R 458 REEPE el beneenisfiendpol fbe SaRIPoLS par t s

of the strgemvill Howr dbtdliMhrbe rR6GEY oF Gl plenidMafion Phaking iCpoldibReto
cover a significant number of scenarios. These modes are given only by
way of illustration and to enable the reader to better understand the inven-

15  tion.

Principle
The parameters to be taken into consideration will be dependent on the
20  application, that is to say on the constraints to be taken into account for
the implementation of an application of multimedia type (where the video
and audio parts are for example multiplexed) or of streams of video data
alone, and of the information available for the optimization to bé carried
out. These various conditions, including in particular the complexity and -
25 real-time operating constraints (depending on whether there is a small or
large lag, and according to the throughput to be delivered) but also the
operating life of the video itself (going from the prerecorded stream which

may be regularly downloaded for real-time transmission carried out just



* 11 various configurations. This node is realistic when considering stored
broadcasti ng sequences, a term better known by the nane
"stream ng/ broadcasting" which may fot0 exanpl e have been pre-coded w th

di fferent throughputs, and for which the controller will sinply be able to
choose 5the best suited for transm ssion on the channel at a time t. 2 -
"Partial and trials" nnde This case corresponds to a node for which the
control necha |s 0 t he .vi deo, codi ng
CCoel 1 Typesy M i RoU S aREtRe) sy e B Apu Bt TR

stati sti cahedditipig"®itheinaiigh. t he 10 throughputs and the curves of video
quality for given conpression paraneters (quantizatio araneter, spatial
resol uti onBytcangfolinconsideting thenyarious DnOQﬁa m@@gr@twnagblpganay b@lqwﬂg on one

o red e, £ BokdBITR LERngRBRTBIE i dHses! BoMoopm " Y 2

tests may bﬁtlrﬁén@‘rcﬂﬁr@@onﬁbl BOINDBE view) d&;d aaktes the awhredri RAOWIgdie! Ng
streans with limted constraints on lags, i.e. when the execution tine

necessary 8bodxtheumuiltimediendalai sleanst ipoBe ripansmiiliad isreampletedieetieabl e, and
when the statd GiHefd! celral rPJﬁB@th’brE?Bogﬁ% gﬁ@%@t @Llfﬂd"vﬁggh?rfonl {Richt andard or

the video coder consi dere 'S no corresponds to
t he case vvtiwtem;ttﬁfabomnstmlntmhaﬂowrthecnmtrdllagort«be\tlteacwndang tontheas to wor k

wi t hout conpl et.e know e e of the forthcom ag atrea or wthout the
possi bi | i t Pventiordq el ?%ﬂf'gé‘é?ltfq efPreAccigmoRttheRaRgeeciRoose t he

use of ;pnepgf,deher uﬁ\@h?&l iffak %asmﬁ%re%e ntioher R ManRfigaRt ers for

the previous GOP, the blin m)de I'S | east effective but also the
si npl est adelmdbe)rf’d[@tw‘ameietm leresed whilewhaving enly limitgd kpowiadger on t he
use of defa g{hg Fgqar,[ame ers &l n particular at the start of a sequence) or on
t he par anef SLCRA %‘r@\) B%s nonents in order to deternine the best

codi ng par g{igiRtige! & BFuHSRS 8 the dHenaRoidopkridted for ldH épMoﬁOﬂfees ponds to
solutions of low real-time conpl exi ty and it is particu- 30l arly suitable

for a real bestrpoasible :modenof sergratien dsvseleetedoand rtbgcehoices qfncgm t he

et ohbi caorapifiRAlon B ofifdh B THAMRL L Iis WEpkrberRio BEARE T: POnal

of additi opemiorrotection paranmeters for the throughput conditions and
transm ssion conditions avail able (state of the network and/or 5information

about the dtrattot@l” medehannel).

This term is adopted for the case where the controller, which is the me-
chanism controlling and directing the operation of the source coder, has
20 total knowledge of the sequence of the data to transmit the information.
For example, in the case of a video daté server, it will be possible to store
various compressed versions of a sequence at different throughputs
and/or resolutions of the same original sequence, or simply it will be pos-
sible to store the sequence slightly compressed or uncompressed as well
25 as a table or chart containing precisely the throughputs and video quality
expected for a set of compression parameters to be applied to the se-
quence. More generally, the expression "knowledge of the sequence” is
therefore understood to mean the fact of knowing the throughput obtained
for various coding configurations (quantization parameter, spatial resolu-
30 tion, temporal resolution, etc.) but also the relative proportions of the vari-

ous parts of the stream (intra frame |, predicted frame P etc.) for these



* For *'the "partial and trials" nodes and the "blind" node, a second adapta-
tion step may be executed so as to ensure that the target throughput is
conplied with. This post-processing step will be applied, for exanple, by
10 del eting a nunber of frames or packets which, if they were retained,
woul d | ead to an exaggerated overshooting of the target throughput. This
cutting operation is used only when necessary, an adaptation margi n being

defined (5 to 10% of. overshoaqt . passi bl.y bej. decl ared acceptable). In
practice i YaURYY C@P&'@W '8_"6031‘?%I%Oq%r'gtrﬁﬁﬁsr{ﬁ:a_ & PBnﬁ'geEBfgp%ﬂ?éi ed on -
average 15pRyRicakhifg Meqiidn@BsOfa tdith IRARNREoVeh t BB IthEY nimef FdtidiinS rom al so
havi ng certain predictions COHVG%I ng throughputs 1ess than the target, or

by fixing ngbroadeasting whichmayierexempie bavedees pre-aodedwitfediffeequence
when the o h beco t 00, .hi 20 The description wl ow explain the:
t ool s and ?ﬁéﬁ‘ﬁ@é@‘ﬁﬁpﬁﬁ%%ﬂcwh? ﬁ8"H8&% ! a%@%ﬁydhg?\&\gq%{o( ﬁ%oc?ﬁ?vent i on

.~ and' by 3 hetisaipgstdustedfootrassiissRin drPtHe chidiled afadimig/fict i ons for an
adaptation for_ a spatial definition and a tenporal resolution 25 The

neasur es uded Rastiaband Hrialsignode transni ssion of the video data are: the
quality of | Y ' ' rvice
percei ved gbgfﬁ%ééggzgrrgg;é@fds%ﬁgﬁg@ogggﬁpyhg%hoé@% Cﬁﬁge?té?bﬁhpén%@?t he
expr essi onhaee at basit&pewlddge ahout dige video ¢dding itdelf.oF ypichllyi thb dinomdn af t er

the coding of the source, the 30packetization in the network, the channel
codi ng openg?o_ﬁ? 'eﬁopno% C_B'?"Fhé’“?‘ﬂ%‘&@t sttistiedl dHarRRYIOT rfutete and
conver 3¢ ORRbAghHNS: amXh® curvdd of V&S ,q@a"@aﬁ#r@véﬁrcd?ﬁﬁ'ﬂééﬁibﬂgpy-a” ous

realizations inh the choices of conpression/protection for the sequence to
be transni rametersdqaantizatiobt parameten gipatiak sesotutiome temppral repalutionul ar i n

t he case of ap- plication wth protection unequal to th rrors, for
whi ch it i?“ﬁﬂﬁ%&t“&ﬁ? L ARPTOAG relying en R '\T/‘Qrepr"é?d%&‘i’ rep © @ch of the
partiti onstimailopefatfits pomt.t Rafuralile dWedi rhitéd neinBereofCRdly RESit®bd hr oughput
operates and above all is aver agtehc: over several frames, the optim zation

proposed i Aongideradsityioallyi & sekettiree tests ey bagionsisiered .t This waegiis
cal cul i%)gd Béglﬁﬁg ﬁ&%@%%@e‘iﬁ??t&ggmg Wit Ii%itédn%gr?sst'rair\{yst QR Lﬁ%gg,eﬁg.rt ing from

the sc

~

when the execution time necessary to execute the encoding method more
than once is acceptable, and when the statistical information has been
predetermined for the standard or the video coder considered.
3 - “Blind” mode |

20  This mode corresponds to the case where the control mechanism accord-.
ing to the invention has to work without complete knowledge of the forth-
coming stream, or without the possibility of testing several configurations
before having to choose the use of one of them. Notably having knowl-
edge of the coding parameters for the previous GOP, the blind mode is the

25 least effective but also the simplest and the fastest to implement: It will rely
largely either on the use of default parameters (in particular at the start of
a sequence) or on the parameters of the previous moments in order to
determine the best coding parameters to be used at a given instant t. This
mode corresponds to solutions of low real-time complexity and it is particu-

30 larly suitable for a real-time data stream such as a video conference.



* 10 of course understood that with m nor nodifications, the explanations
which follow may apply in respect of images which are not constituted as a
group of image but which arise under Hhother format. Mre generally, the
data nmay be audi o data or video data. Thus, one possibility is to inplenent
the nethod on a coder of MPEG 4 type. 15Docunent [2] teaches that the
"sensitivity" for a GOP made up of intra franes | followed by N predicted
frames P is expressed by..takin acc unt f th ct.. t hat practice, the
sensi v vi t et e rgemerafed Xed e tioriioL iaod it et Relias °F o
I's not recgjonesh &8s et IchoiceBedt éé@n’fé!éﬂs%&rﬁﬂe%tﬁﬁpre%&i@rr\ of tHehastshave been
transmtted correctly, will not be recon- 20 structed correctly. The term

"sensi ti vi 8pd opipnally ehaddition-okpretestionareameters fasrtbe theughput cor-
g??;?;grenaﬁgkst%% géﬁérﬂ[stsbt?whcéﬁﬁlﬁé)r%’ gsha I%ZstaFGSBFﬁ*e h8nidik dHGMPr essed

0 sequence 1 n e case ere rarre I'n question Is

| ost ors er mfovesation dsoutitiae siate of theecleairal). at i on of the sensitivity adopts
the assunption that when a frane is lost, its par- 25 tial distortion
degrades the nean distortion of the GOP sufficiently for the contribution

of the di 5?8; iﬂtﬁgbé?{ualté}?d irpégé%aesfarnar@né “blifd @Mbdel 9 é&%ﬂﬁ%c”a&ﬁ 44 9i bl e.

The i npact o previous franes which have not beéen correct received is
consequent tign tsiéemaybe accoted sbyasui egsarecthadithe daget phooghplt tsy on the

i f d. Thi | ds.to th 3Q f th
Dt andard cGaBATeL BT RoSHEIIoBRSBAIER vk e PEBISE) TPOERRMPIGY he noan

di stor 4 onggletinig @humBbér b 1S9Rs P _JeRkels whih, if they were retained, would
+E[fI(1_ pe?flpnl o_o_Perni). 40" 1) 1=0i=0 j-=0 with n, the size of

t heP- f r aneleag torarDRxaggeratedipwershooling obﬁamietvmgmghwtﬁmsfouam is |ost
al t hough the previ. Qus fr [e carrect di stortion
of 't o> Goporptatgy Sdfsest SR Wb reReSFay: e Adaptaion Meh e et noy be
partially ApésYs t HDIbf HRSEAEEE BB ibRihgHetlBRed htcaptaRBY |hYPrae-
menory-1less channel with a probability of error for the bit Pe Wth the

ex perl nent tHee itavill @fteashe paswible; far this maygin iebe spaMRaNSAtedien average : 1-/i 0

0,25 80g ﬂwelcqsuratlorg or}‘ﬁé% Fellnr,]eﬁ[f%ee va‘%utgfs]b(?;fmﬁh A Hdd ﬁaf ﬁé c%?n be util-

10|zed once we Know, e size o frame ni,

t he di st or taierpretictions donheying traudhpuls lessthans tHeo tdrget, tdrobgixirige previ ous
frames are correct 405, and finally the mean distortion of the GOP w thout
error DO. ﬁg{cgﬁré}qn;tramﬁs PRdhe dater Rﬁ@? ef the lé'ﬂ?@rse@H?F‘%W&ﬁ‘ the query oduced,

the expresghoot becomes too big.

20 The description will now explain the tools and the steps implemented by
the method according to the invention and by the supervision or control
tool.

Tools and functions for an adaptation for a spatial definition and a
- temporal resolution

25  The measures used for optimizing the transmission of the video data are:
the quality of the video perceived on reception, or PQoS quality of service
perceived by the end user.

As has been proposed in reference [2], the expression for the hoped-for
average for the end-to-end distortion after the coding of the source, the

30 packetization in the network, the channel coding operation, followed by the

impact of the channel (modeled) and converse operations, may be used



* 15 sion for the error probability Pe will also have to be established. For
exanpl e, the use of rate-conpatible punctured convol utional codes (RCPC) on
Gaussi an channels with decoding with f3exible inputs will enable us to use
t he bound on the error probability established in [6]: 1 PeL ad.Pd P d=d
fiee 20mth d free the free distance of the code, ad the nunber of existing
pat hs, =42-erfc(Vvdl4) the probability that an erroneous path at the

di stance d_is sel ect eq when SNR = E sI N OI" 6 15 caﬁ% \Agere prfot ection
unequal t 0@? e MEASHIR 1P CRTRENBE NEIOUS JER 431 ral" B EPPIEBE AT PA e

Appl i cant’ praagicembrotddtiondat tHsddtiehic8d8 béttandthiddct i on of throughput and
of quality for the nodes other than the "total" node 5 Wereas for the

"total " npde,as leeoltanerengh data lecoperatenin ipartinsardoithe page b aeqprent | y al |

e | abl o, PREERRRY eiftecfSh SELNaPR bRceAHR iy whigh Ris THBBASHEES causa
and t hes f uptydicti thé eeRtive Propsrtions ofteach dfltige partitdfs, bot tohessurbabat t wo

nodes, the statistical know edge of the node of video coding of the opera-
10 ti on mathepereshietiom el the somprassipe, thiqughput apesatesand abokpiahiswi | |

I ndi cat e, | a b ; | | ution
(corresponé%\rga? g%gggﬁ%ﬁa!:g 0 Sf &)r}éngﬁﬁgh?@#p%%dtlﬁ% éégg'é \ﬁéa% wel | as
for a gi veaxetuied ®notheclagis @f ai ihinoughput ediadated group o imiades (GORP) ty

obt ai ned aét er reanstruc i,ﬁ}n and t he tproughput obtai ned. OF course, it
will also B¥IFIRPLIMagRs Withay deraringeramdafieseeps of i veadentif m mor e

theor ef4 cabf ERRSEAFIARPstobY thdthAtHP M AbEIfiESHBHL) thé BRpleABRond Whidhhese | ast
two nodes, the representation of the statistics of the video coder will be

nor e easi | follonnmgy @pply insiespgectof imagps aduch argnobeanséituted asef graspce

par et er Gt Ras bhF i, ohE BT S rmtL TSR ok By B GRS vart ove
may be audio data or video data. Thus, one possibility is to implement the
method on a coder of MPEG-4 type. .

15 Document [2] teaches that the “sensitivity” for a GOP made up of intra
frames | followed by N predicted frames P is expressed by taking account
of the fact that, in practice, the sensitivities of the P frames depend on the
previous frames: if a P frame is not received correctly, then the following
ones, even if they have been transmitted correctly, will not be recon-

20 - structed correctly. The term “sensitivity” for an image or a frame makes
reference here to the measurement of the distortion introduced with re-
spect to the uncompressed original video se_duence in the case where the
image or frame in question is lost or erroneous. In practice, the ca-lculation
of the sensitivity adopts the assumption that when a frame is lost, its par-

25 tial distortion deg'rades the mean distortion of the GOP sufficiently for the -
contribution of the distortion of the following frames, if any, to become neg-
ligible. The impact of the previous frames which have not been correctly
received is consequently taken into account by using a conditional prob-
ability on the previous frames to be corrected. This leads to the expression

30 for the standard coded sequence in the IPy (Intra, Predicted) format for the

mean distortion of a GOP



-* Figure 2 illustrates the principle of the first set of charts, which give
the information about the video quality as a function of the quantization
parameter for various realizations of14i deo stream 25Figure 3 illustrates
the principle of the second set of charts, providing in- formation about

t he throughput as a function of the quantization paranmeter for the sane
realizations of video stream It should be noted that the chart considered
here can only bg, a two- dinensional chart if a predefined rule is

N i
establ i shedyt a T§lat pyehe guansi 3% i-on _PRrPPREE] sed for4{he various
( ) - E)EL6 'fr(ller ngepo?'é)r’sﬁ‘fﬁal ly diq*er ent

4
types of fraife ¢for the standafs @f}?
quanti zation intervals according to the types of franes). Typically, in the

tests perf Qithes, thiehsizé of tyi'h @-frihs with D, bethesdistortior{BbsertBd Wi QP + 2
QPB = QP + 2 (i'f used) for, respectively, “t'he Infra franes, the predicted

frames P app t;hepojrginees 103t ! Qflugh' ﬁi@a?)r&/i?ﬂ-é‘ef%gé oRasesréd! ‘%ﬁ%ﬁ ely on

trials and sinmulations carried out to establish pertinent rules tor the

quanti zati di,= Dyt thedmeah disterticacof theaG OFheitheatsérrer, guithf Bc th frictiores ought
to be quantized by using equal or |arger quantization steps. Mreover, it
has been esof tid framedwhichtman bepartialiypheaisy edthalt debgtchranizatiomohtheal i d f or

i st; i PHPEAREISTa iy 1oSh BV WiteR PoroRtiDK ChAgoRGer the Bt <

t wo- di nensipnal 2D but three-di nensional 3D or four-dinensional 4D (if a
QPB exists and is different fromthe other QPs). Figures 2 and 3

represent pEEPR bYSemERRI %me%s&tmﬁ\atherintwﬁdfitﬁgopé}aﬁiétéaé h°a%.a function

of the quantization paraneter and the expression for the throlghput as a

function off tAe. auanddalipn. 028 ATelsppdiaht e eJuafibn PP) Ban beafiiu! t

val ues, information for the previous
10 ized once we know, for all i, the values of the size of the i" P-frame n,,

the distortion observed when the i* P-frame is lost although the previous

frames are correct D

loss;

and finally the mean distortion of the GOP without
error D, .

Naturally, in the case where an error correction is introduced, the expres-

15 sion for the error probability P, will also have to be established. For exam-

ple, the use of rate-compatible punctured convolutional codes (RCPC) on
Gaussian channels with decoding with flexible inputs will enable us to use

the bound on the error probability established in [6]:

20 with 4, the free distance of the code, a4, the number of existing paths,

P, =%erfc(1/ ”}'\f‘) the probability that an erroneous path at the distance d

is selected when SNR = E/N, .

Similar expressions can also be established [2] for a data partitioning or

25 modes of frame mixing, which modes may in particular be used in the



* these charts nmake it possible to establish the reference curve which wll
be used to determ ne the hoped-for throughput based on the possible quanti -
20 zation paraneters QP and the correspondi ng hoped-for video quality. The
.use of the curves in practice may be as follows: - Find the possible

guanti zati on paraneter QP for a target throughput on an identified curve,
For an identified curve, the chart is read and the best correspondi ng QP

25 (the candi dat.e cl osest. on t he char is selected for the trial, Although
Che chart - HERt AiRrS oo Baunailil 5 ahiysrtars Sb HOGIRERH: FUyES Bhbse val uos
are not cogbb&tsuin th@llﬁ)dhééht@s'ﬂ‘héﬂén_t BpplfcabiehFRR@ogbber: 1) to find a

realization of the throughput that is cl ose enough to the target throughput

to conply WRirediction atthneiughputiandiof iguality, fomtheymodes) atigr thamthe be in a
position tthggl,e t candidate i mediately. In the first case, illustrated
by the candi eﬁ‘@% in Figure 4, the candidate QPcl osest is imediately

sel ect egl afvhdraysier theedothPrmbde, RCAOWIEdGE of e SREaRNEDerfbite AaNdi date
QPB is the candidate closest to the target 5throughput Dtarget for chart 1;

in the preSensequanilyl dl the,valuesr neegssats farodetgemining die webitygebthe 1n the
ot her case r.ef L,0e; 8 X e ehal s 8 { g1

her ei nbel ometg% ?%E%IW%Ttﬁ%hgagﬁtggtgﬁgﬁéow(ﬁ%a@é;ﬁ@q%@gt P@a J| %ﬁedpar anet er
OP 10 A rebhusalred thet fepunesipfoomation dés sat pyaitatié eer skem thesedastotwgossi bl e

to find an internedi ate candidate on the basis of the inifial chart of the
readi ng op8loftGSoHe sﬁa&'@i'%aikmﬁw 4989 eé&@_@%p ¥ideg\rading @fﬁhggoqur h the
"partigh agdntrhapbs obthiBeh! idBxaniibOoWa PabI &iarfs%a«bmﬁﬁwwnfdiééter oughput,
QP) have been obtained on the basis of the trials on the current portion of
t he sequenéw.a choice of temporal resolution and of spatial resolution (corresponding

to the choice of format and tempo of the image) as well as for a given

choice of compression, a prediction of the video quality obtained after re-

construction and the throughput obtained. Of course, it will also be possi-

15  ble to obtain the statistical knowledge from more theoretical approaches,

but the principle remains the same. |

For these last two modes, the representation of the statistics of the video

coder will be more easily managed by using the compression parameter

as reference parameter (in particular, the quantization interval (QP)) for

20 the various possible temporal and spatial configurations.

Figure 2 illustrates the principle of the first set of charts, which give the
~information about the video quality as a function of the quantization pa-
rameter for various realizations of video stream.

25  Figure 3 illustrates the principle' of the second set of charts, providing in-
formation about the throughput as a function of the quantization parameter
for the séme realizations of video stream.

It should be noted that the chart considered here can only be a two-
dimensional chart if a predefined rule is established to relate the quantiza-

30 tion parameters used for the various types of frame (for the standards of-



* 15 Several trials may be executed, which will allow nore precise

determ nation of the behavior of the portion (GOP) of the current sequence,
typically if the choice of the initialigprediction curve was not good.
However, on account of the limted nunber of trials necessarily inposed by
the real-tinme and practical -utilization constraints, the final choice of
the quantization pa- 20 raneter QP will often have to be made w t hout

h f d.an .t at,.correspongds erfectl to the roughput or quality
Carget, ¢ nauirl Baterylg cifebhCabaizzuBh jfeniad Asderding 10 ohF JVRsR ofnow edge

avai |l abl e. Sraaef ented in
Fi gures 5Afr¥g{§£58ﬁa§®8 Irgﬂ%é t@ggﬁ%ﬂge 1 - t@é‘kﬂi&vﬁﬁ%@ﬂ@t@g\g{ fég%gﬁ one or

nmor.e curves)QBigQQPicantly exceed the target, Case 2 - all the QPs tested
(on one or di) eS) cone significantly bel ow the target, Case 3 -
t he throug ﬁﬁ target I's found between 2 QPs, found 30 above a

single cur e? J_.?Pa,, z 0lahe target throughput is found between 2 QPs,
found abov b ént’ rves, For cases 1 and 2, various strategies,

fromthe S?ére?ésp}e%ub?lgr fHeslﬂtreanr I-%e?}e??étg %é’% Fg%ﬁptesbfd% gi es

correspond t6 a 'sim approac ested val ue and
use it, sor tiongl frarnas &not her, pl aci ng total confidence in the chart assuned
to be the st. 1ndeed ereas at first sight it ebeI eved t hat
he chart Hepe AROGRAR wgh (P1600 el ansesmlbons caltign out R e<iabistor gor s en
that the trea.rwn@Puuegtférsthteqmﬂa%ﬁesﬁarmeoute.aetdtfth@@dtfthetthteheaétrg. iffet i on of
the previous GOPs, chart corresponds best for the curfent GOP of

t he video §éqhﬁﬁm§?$t @ugj@t f@obl%(ﬂuaAtIdeéW tss;qgamel loeular@eatm@ntlaammange

greatly frq m)rrent 1 o _anot her cene ge rease or

decr ease |ﬁ{2‘t ik 'L SReell |e§ B%@JE@H eepghylp gSt@ﬁEﬁf{e ichis
val id ab ar@métnaVélld ftsrtmetottwerrwlesnet;asny WelinnaHe daseb@hbrd &R Abnt he next
nonent t+1, and there- 15fore not allo ood prediction. In the subsequent

descri pt i oRreqaiinggulnscexistin Hysa:aéentheoc &t appdke igigepolglion amengked:
two-dimensional 2D but three-dimensional 3D or four-dimensional 4D (if a

QPg exists and is different from the other QPs).

Figures 2 and 3 represent respectively the expression for the video quality
15 as a function of the quantization parameter and the expression for the

throughput as a function of the quantization parameter.

For any start point (default values, information for the previous GOP, etc.),

these charts make it possible to establish the reference curve which will be

used to determine the hoped-for throughput based on the possible quanti-
20  zation parameters QP and the corresponding hoped-for video quality.

The use of the curves in practice may be as follows:

- Find the possible quantization parameter QP for a target throughput on

an identified curve, |

- For an identified curve, the chart is read and the best correspondihg QP
25 (the candidate closest on the chart) is selected for the trial. Although the

chart pertains to a wide possible QP and throughput range, these values

are not continuous, thus basically it is possible either:

1) to find a realization of the throughput that is close enough to the target

throughput to comply with its definition to within the margin,



'in case 1, use OP theciosest+l in case 2, use OP theclosest -1 20 know ng
t hat other adaptations nay be considered; for exanple by choosing the
increment as a function of the rel atit¥®e di stance between the throughput
attained with OPthecl osest conpared with the target throughput; in case 3,
use a barycenter relation: Qnf rate.et - rate,nf X (QP:up QP nf

rat esup- rateinf 25mhere ratetarget is the target throughput, and for the

" opr osent <21 MRt PP R HEIERY 8 bendee Maeldtely °TE lghput . G nt

represent S|nttlh@ flr@M@éde ﬁllm%ﬂ*etdﬁbyﬂfe tandidyrl QRRth Rigsea, thecdmdibaet
I nterval; case 4 which corresponds to the m)st difficult

case, whi cQchnseawﬁ)tramd@ekyosaJ%@pdm mayPesesedhfordhgrrnceding elaenot been

possi bl e et cop. efd t q g to be
coded. Her%g%l}géi]c% f’ﬁf%n%?‘é’ﬁa% oﬁ ffscéll%gat% r1[d|d)a{te ﬁ%s%%tr %gﬁ? g?%rtgposed for
- case 3 3 s thoesgtybut, DL forayhamnmmtrte preseat Ie&ampﬁ ftaist coreesgoridsetoopt i mal
curve has a very different slope fromthe curve selected or else 5 from
the two cubthelargal|tBraugPuanot her sol ution consists, for exanple, in

I nserting %H@étﬂepgb&&s €| Fefinren#é“nt%‘fé’;‘) Al Bk bRIREIGHIH RrepRIcHdn: the
three pairs (throughput being used to define a curve on which an

i nt er pol at hereimxsiowe perforned directly. In the tests described

hereinafter, it is. t fornmul a ffci he bar'¥cent er whi cp be 10used.
ot i i | onRehement o stictlich ofihe heSt aledFEloR baldmeltrli, o7 on”Favi ng
est abl ighef fchRement step m%\/lmhecéésw aS{REF When it [abhgosdibleasinkr ame (n,),

the distortion observed when the ill'" P-frane is |ost (Dl oss,) and
an intermediate candidate on the basis of the initial chart of the reading

operation, or else when having executed several trials with the “partial and
trials” algorithm, various pairs of realizations (throughput, QP) have been
obtained on the basis of the trials on the current portion of the sequence.
15 Several trials may be executed, which will allow more precise determina-
tion of the behavior of the portion (GOP) of the current sequence, typically
if the choice of the initial prediction curve was not good. However, on ac-
count of the limited number of trials necessarily imposed by the real-time
and practical-utilization constraints, the final choice of the quantization pa-
20 rameter QP will often have to be made without having found any QP that
corresponds perfectly to the throughput or quality target, thus signifying
that a choice must be made with only the knowledge available. Various
cases may be envisaged which have been represented in Figures 5A, 5B,
5C, 5D and 6:
25 Case 1 — all the QPs tested (on one or more curves) significantly exceed
the target,
Case 2 - all the QPs tested (on one or more curves) come significantly
below the target,
Case 3 - the throughput of the target is found between 2 QPs, found

30 above a single curve,



"the*distortion of the GOP (Do), and having proposed the use of a chart to
15predi ct the throughput and the quality for the "partial and trials" and
"blind" approaches, the subsequent det&ription details how to obtain the

m ssing information: Do (the distortion of the GOP) is easily known by
virtue of the chart (type 1) since it involves the value of the
PSNR of the GOP for the 200P considered, The total length /,0,a, of the

oy ougions ChYe ER2 i Rra¥! b8 FohuiS TorREbbulds7 e bbb agubly” " "
resol uti ondmferédtecupesgience i s known for each chart. 25- The Infra length

/[ Thfra is also known fromthe chart (type 2) as an additional item of
i nf or mat i ohoy cages Atansk25 variqusestrategiespirem thecsafgsktosther Bekiestamay | ust r at ed

by Fi gures I e | a | npl tati.on he {r lon is .
stored in 8%&“? [é%ﬂé%gdtﬁ%é%at%t%gﬁ O#@'{ﬁﬁ%@)ﬁfaqg% gh"%&?f’éfo Ea?ﬁtﬁﬂe | evel of.
t he af oy eneikel theeclosegtitested valle Hl G it] op fryWhitls Binbéer] pracirsy talexpr ess

the relative contribution for each frame in ternms of length, that is to say

Ip , and i forfidansedn the shait @sswnedraisithethestay D10,", . As illustrated in
Fi 7, ' TR AVAN (Y= Wap f | i stortion) is
aI 193:1& i ontr&%ieg?Wﬁ%ﬂggyg\}@é{é}rﬁ?ﬁéﬁi@ epeg%\%dggggégg%ﬁggggg ur suiant : tl)

exper i ment aledidielyrgiet trenbegti Q| ildhagldtitd becioegdttemthdéthentruepestdene [ 2]) the
Fol lowi ng %x%r %% eirPnI?r?e,a(r)r? tﬁgot?aosslse %:f the information of the previous GOPs,
10  which chart corresponds best for the current GOP of the video sequence
to be coded. A video sequence being able to éhange greatly from one
moment to another (change of scene, large increase or decrease in the
motion, new details introduced, etc.), the chart which is valid at a certain
instant t may in féct turn out to be false at the next moment t+1, and there-
15  fore not allow good prediction.
In the subsequent description, an approach having a controlled risk level
will be used:
- incase 1, use QPeciosestt 1
- incase 2, use QPneciosest -1
20  knowing that other adaptations may be considered; for example by choos-
ing the increment as a function of the relative distance between the
throughput attained with QPeciosest cOmpared with the target throughput;
- in case 3, use a barycenter relation:

OP, + (or,, —0P,)

Faleoy ~ VO

rateSup —rate
25 where rateqrget is the target throughput, and for the two candidate pairs
(QP1, throughput1) and (QP2, throughput2), rate;ys represents the low-
est throughput, rates,, the highest throughput, QP represents the
lowest quantization interval and QPs,, the highest interval;
- in case 4 which corresponds fo the most difficult case, which in

30 practice corresponds to a scenario where it has not been possible



*1 n'Dios=39 so i = D150 +xV30 - D1053 ), GOP ,z, 1 totall Infra GOP -1
size 10 Constraints inposed and definition of an operating margin Having
defined the paraneters and the data, #hd how to obtain them the
description will now give the margins to be conplied with. Target

t hr oughput
al gorithns

The concept of throughput control is not new, and nunerous
15 have been proposed in the video coding literature. Their

conmbn aimis t

t hr oughput
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10

15

20

25

at i ongshich an interpolation may be performed directly. In the tests de-
scribed hereinafter, it is the formula for the barycenter which will be
used. _

Estimation of the length and of the partial distortion information

Having established the need to estimate the respective lengths of each

frame (#, ), the distortion observed when the i* P-frame is lost (D, )and

loss;

the distortion of the GOP (D, ), and having proposed the use of a chart to
predict the throughput and the quality for the “partial and trials” and “blind”

approaches, the subsequent description details how to obtain the missing
information:

-. D, (the distortion of the GOP) is easily known by virtue of the chart

(type 1) since it involves the value of the PSNR of the GOP for the
QP considered,

- The total length !

- Of the GOP is easily known by virtue of the
chart (type 2) by simply dividing the throughput by the number of
images per second.- Indeed, the temporal resolution of the se-
quence is known for each chart.

- The Intra length [, is also known from the chart (type 2) as an

Intra
additional item of information (the ratios for the intra/predictéd are
stored), as illustrated by Figures 16 and 17. In the exemplary im-
plementation, the fraction is stored in addition to the chart informa-

tion, as illustrated at the level of the aforementioned figures.



* 21 Moreover, slow adaptation is valid only when the transnission or

t hr oughput conditions vary still nore slowmy, and al ways passes via an
initial phase with very inappropriatearaneters. In the case of a wireless
transm ssion on a variable channel, including when the residual error rate

is 5 negligible and the problem of introducing protection does not arise,
such an approach risks providing very bad results. Adaptation to a variable

; i niti. f. bl ' Javi est.ablish h
mpor tance BP Lepbgh ot i ARETF IRy Seshuf ool EOREBRGR TR | (' <
al so i npor frame ihQefR§ dF lerighiithBRIsGb¥ay S tandein48rmd 8f Histsttlos thaist © avoi d

‘having to apply too strict or too frequént post processings (as wll be
detailed heyehpdf t erds ilustRiédlih Fgure 70!tRE 3srRalmBLSlit oWl il be used,
whi ch has beenpe(ﬁﬁ'l oyed success'ful ?i‘/ in'the expgrianeﬁps%gﬁuct ecgll by the

Appl i cant , teyRIERofPeHIRN distorfo)hs aFuatfordhiih ihbFdd3es vitth fH2 hdiRb&escr i ption
and illustrated in Figures 11 to 17. 15It is recommended that, together

with this dacedaed imagessBursuand toabyperimentandbservationse(ineddingi the not es t he
r eal througegﬁutck use(ﬁi ‘,""”} resg«i tto tlhe.target t hroaughput . and which will
thereafter ak 3683 o) i ﬁrﬁﬁ'ﬁ i%]é ?%EO IPW'&;%F FBWFB\S’&R&?? pé%p%s inction of
past reality. Typicallly, if a throughput used for a certain tinme span is
too low, the-ta ;=|§hg<0ughpm for the next 20 GOPs could be increased or
conversely reduced in the case where the throughput actually used
previously would be too large. Ip the case where the control algorithmis
aimed at a tar gilusqddist y 6&?@11@%0 at a target throughput, this

al gorithm for observing the tfr oughput used woul d al so make sense, since
quality-oriented practical applications nevertheless in 25 general have a
constraint of- n'é,e(i:n#ﬁco—t—ﬁfﬂoughput not to be exceeded. A pertinent remark
considering the defG@tioh of the margin and rules for a possible

[ f th i d | i,t .ceived by t ' | d be t
r ecommiha, CoRtaIars igeoseh and desfilen.stean Sntating BEralhi val ent by the
joint cont Halingr defiRldemie! PataRietéldCatthe\Ba@l ahd KW &S 8btdih @edth! thenhi ch i's

30equal ) to the last one used, so as to limt the possible effects of
flicker whéaseriptiogushnonagivethe sarginsttodeotaraplied withPost - pr ocessi ng

operati onstl.gfort !!ir%e F\g@lrti al and trials" and "blind" nodes) Having chosen
the parane _ d for the coding operations (com pression,

prot ect i onyhetdmceptlionghrodighpit b@tﬁl_r(ﬂllh,n&llﬁew,tarﬁ@hdnh’érﬁu@télgér’ﬁtﬁfnst he 5
constraints are not satisfied. Typically, in spite of the efforts nmade, an

over shbdt BavE kel PrprAsaskindbavidea erding ditgratuse o Theif gemmaraseéuto. To limt
‘he | ‘ ot _ : . .

o oposed. SR At B @Rk setfefibs Hidind'aokn RS WolBnpREREE 8 2 o
(havi ng t hdutatiast ofi ieasdéquemcehandeahe ngeeral approach is to react without

abrupt change in épite of the quality of the limitations of the bandwidth and

complex evolutions of the sequence.

20  The aim of the controller which will use the algorithm proposed in this pat-
ent is notably to be more reactive (in the sense of fast evolution so as to
satisfy or attain the target throughput). Indeed, the conditions of the state
of the channel may be hefty and impose hefty variations in the protection
throughputs, which would introduce big imbalances in respect of the com-

25  pressed sequence (too much throughput consumed or conversely too lit-
tle) if the algorithms for slow adaptation of the throughput (such as those
proposed in the H.264 reference coder) were expected to adapt to these

variations.



* 10 This post processing may be done in a manner particular to the | evel of
the coder, typically leading for the H 264/ AVC coder to the insertion of
artificially enpty frames (all the nma2to-bl ocks being predicted a zero
difference with their reference, for exanple) and this will allow the
decoder to receive the right nunber of franes, even if it does not have the
initial in- 15 formation that they contained. There will then be no risk of

d hronj zat i i ng.. Anoth i fi t - pr i tion is
envi saged MAEROYIe SERE AdRLIiAG 1S SN epBghen dheiiansiission PrUBPYBET ce, i t
may of ten bat QonaRvAY VIt stk eibrehgloRey, "hid eflwh P PasdsBE OHEhRYtinitial M educed,

the paranmeter sel ection ob- 20 tamed l’eads, for”bad transni ssion
condi t i onsphase withheary dnapproprigtehedrametersp it oase pharwiteless transequences

W th ver [: L d: ful. . i.nfar Lon Lch a verthel ess at high risk of
arrivi ngych{r'%éu'%ﬁeog‘sét bgrrédcsl%tclhgﬁbegﬂgﬁy’@g®9e‘fvr1§? ﬂ[ﬁg '8?@@8@86’ f {3t° ¥ t hr eshol d
PSNR n$ baedijibleegnd lied @roibhcbf int@dsigingsprofedtionl doed nbeapsé esiited, except
optionally a few pilot 25 synbols (to maintain the connection, to obtain

i nf or mat i oANARPIRAGMESKE RACNIANY Ve Ratkiaselts: etc.). This approach will make

|t possi bl agbBiBRAYS vAiRiie YBLGEN Y FRRBAMITRE bicdftaBibahhaihe for future
peri ods by™V e O € appr 0c vatT o a 0 ot of the nmean
"t hr oughput Ha3hgHaestatgishedr tki departamce oof scareying oogtd rglativélguségulat he 3

nodes of ration can now, be defined precisel nd their diagram devised.

! a
23 Total mURUSBRHAPIAO A RiSH ﬁ"b?fé‘éﬁfﬁéi?éﬁﬁ%!b\éw,m?w? tshibe det hod
corr espendfind® sbh AR h@,@in?ftotéﬁﬁ)_lyb%%t stHét ér ﬁ%%?lf@at{lge?ﬁ gggti Pﬂ?fc@%@-ﬁ ion) as

a function of the feedback information (channe abl'e band,
etc.) avai Ingsl @s sl fardetgiled dwrainaftet)e In prpttites 4 ltolacdrmet mairginho node of

compr esei oA0gaPihBEa i ihieh dasc Bagn SNRRVSY ersubb It e80T o of ¢ he
transni ssi gienté enductePdyaRBLAHicAht, ISofh e BRMNAPRSR: of WINBE e GRerfRSN
avai l abl e realization of the incomng GOP the information
ther on in the description and illustrated in Figures 11 to 17.
15 It is recommended that, together with this margin, an observation algo-
~ rithm be implemented which notes the real throughput used with respect to
the target throughput, and which will thereafter be capable of updating the
target throughput as a function of past reality. Typically, if a throughput
- used for a certain time span ié too low, the target throughput for the next
20  GOPs could be increased or conversely reduced in the case where the
throughput actually used previously would be too large. In the case where
the control algorithm is aimed at a target quality and no longer at a target
throughput, this algorithm for observing the throughput used would also
make sense, since duality—oriented practical applicatiohs nevertheless in
25 general have a constraint of maximum throughput not to be exceeded.
A pertinent remark considering the definition of the margin and rules for a
possible improvement of the video quality perceived by the user could be
to recommend, when various candidate QPs are found to be equivalent by
the joint controller, selection of the one which is closest (ideally which is
30 equal) to the last one used, so as to limit the possible effects of flicker

when the quantization varies too often.



* (throughput, QP) so as to obtain the accurate real curve (C) of throughput
for the next GOP of the current sequence. Step 8.3 Does protection need to
be introduced at the application |l eve22? NO 15 Step 8.4 Conpression
paranmeters: As a function of the avail abl e throughput, select the pair
(throughput, QP) - on the curve (C) which best corresponds to the

t hr oughput and video quality constraints. Sel ect the correspondi ng

Corpr ossi ohPRrBrELErahe: BPeinty (R BR oftial h iR St et or
protecti onmedds)ct a collection (S) of pairs (throughput, QP) on the curve

(O making it possible to comply with the throughput constraints. 25For
each el enehavis ¢rosendhedasametarsite g wsest for flee copingreparations &asR+ i ons

dj d
cor espOndh iy eLiATE 958G B aE I AR WAL I e V1 o
val ue wi t hcohstrdieist acunoe siatisfedleTRINRlY, in spitsebbthe tdfforisestadeSdiRgop and

trigger the nmethod gor coding the data with 30 the correspondi ng codi ng
par anet er so(%féhﬁ%g tsauap W xceedig, they agraptablefpargin mpry eewrngoof t he

co 24 Inﬁ H‘%:%Qf h%ﬁ%@fcﬁ%ﬁderrorgt Qrﬁoétrk?roE:@?émQHd'e?éﬁonvﬂ ue of the

pair (throug put in the st of previous pairs oughput, Q) |If
there is ap;qpqsedd vthieh wéllv dosresband tpnCldtlngtofbrl‘h@tbaﬁItframe att éram&ﬁ t he
Stransm SSkhavmg Ehepleast7|m%oac B?\ltheggaﬁéﬁge for the next GOP
10 This post processing may be done in a manner particular to the level of
the coder, typically leading for the H.264/AVC coder to the insertion of arti-
ficially empty frames (all the macro-blocks being predicted a zero differ-
ence with their reference, for example) and this will allow the decoder to
receive the right number of frames, even if it does not have the initial in-
15 formation that they .contained. There will then be no risk of desynchroniza- -
tion occurring.
Another specific post-processing operation is envisaged when the operat-
ing conditions are difficult. In practice, it may often be observed that when
the permitted total throughput is reduced, the parameter selection ob-
20 tained leads, for bad transmission conditions, to a choice of very hefty
compression, therefore to sequences with very little useful information
which are nevertheless at high risk of arriving corrupted at reception.
Therefore, it is proposed that a threshold PSNR, be defined, below
which transmission will not be attempted, except optionally a few pilot
25  symbols (to maintain the connection, to obtain information about the state
of the channel, etc.).
~ This approach will make it possible to recover band which may conse-
quently be available for future periods by virtue of the approach of obser-
vation and control of the' mean throughput.
30 Having introduced the tools mentioned previously, the 3 modes of opera-

tion can now be defined precisely and their diagram devised.



" "Partial and trials" node The "partial and trials" node is used when a
mul ti-trial approach may be used, although limted to a certain nunber of
cases. The performance of 10 the algd23thm and therefore the rel evance of
t he choices of paraneters and the final performance naturally depend on the
nunber of trials permtted, which we propose to limt to three tests in our
simulations. In practice, the conplexity of the coding is nultiplied by
t hi s nunmbe [ iy- S0 as to limt the conplexity it is recomrended
t hat each ﬁ'g@{h%ﬂ@? rﬁ%@mﬂ? codi ng nmet hod be stored and that the selected
result be pgegad mdntiened teegin@bovedlaht i“ftaal” esthod dofredpends td fire peLevi ous
trials. Mreover, if one of the tests (including the first) offers a result
wi t hi n t helesting of hebest paie (compressione pmtaelirDES Adunctionsef thelfeeded and
t hat the cpgi j ; [ N\Say)f: estion, wthout
doi ng rmreBglrﬂ]pg]fés)r.rng)%gﬁlé—gcggpé&ggt%\freégg%@'?%gﬂggé%)ezf\)gm?p%\mhart of this node
of operat i Brgur&BamreSedtsithée icoalpletatflowthartiefikRistrhoddef apetatioal ues for the
conpression paraneters and the feedback information about the state of the
transni ssi etPRsBdpndiatizaionience | dentification: 2500 the basis of the Iast
{n} pai s {5Rs o8 BBHlult fdihes FdIaAb icklgrBESiBR Yariihalirs alanbiTEUEdRUL cur ve
(C for the current sequence Step 9.3 Nb trials += 1 Step 9.4 Does
pr ot ect i oninfewaatian dzoutribe sthie of tre tranemigsign cation | evel ? NO 30 Step 9.5

e B YL e SR AYHEL o7 of (e el abie oot
the thigugRRdl RBR&achdfildbR! idaYiz6@$ bf #difcoming GOP the information

(throughput, QP) so as to obtain the accurate real curve (C) of throughput

for the next GOP of the current sequence.

Step 8.3 Does protection need to be introduced at the application level ?

NO

15  Step 8.4 Compression parameters:

As a function of the available throughput, select the pair (throughput, QP)
-on the curve (C) which best corresponds to the throughput and video qual-
ity constraints. '
Select the corresponding parameters and trigger the coding method.

20 YES

Step 8.5 Compression/Protection throughput apportionment:

For each degree of protection, select a collection (S) of pairs (throughput,
QP) on the curve (C) making it possible to comply with the throughput
constraints.

25  For each element of (S), predict the length of the GOP and the distortions
corresponding to the frame losses (Dloss) and deduce therefrom the video
measure, estimated on reception, of the PSNRg,, of the GOP, compare
this value wifh the best current value PSNR.

Select the best PSNRy,, and trigger the method for coding the data with

30 the corresponding coding parameters (compression, protection).

Step 8.6 End of the coding of the GOP:




* Sel ect the corresponding paraneters and trigger the coding nethod. 5 YES
Step 9.6 Conpression/Protection throughput apportionnent: For each degree
of protection, select a collection (4of pairs (throughput, QP) on the
curve (C) nmaking it possible to conply with the throughput constraints.
10For each elenment of (S), predict the length of the GOP and the

di stortions correspondl ng to the frane |osses (D oss) and deduce therefrom
t he vi deo ﬁtﬁ ltE i mat ed an reception, of the PSNRgop of the GOP,
conpare thi IR PRFEFS 9% é"ef)% current val ue PSNR Sel ect the best

PSNRgop andsStéredtieresheurriitietud of tHeogaih gthkdlgyhihat, @P%imth@ﬁdl%f@)@éf espondi ng
codi ng paraneters (conpression, protection). Step 9 Control of the result

of the codVI@ysmrﬁdﬂwrougﬂwteQﬁie real current value of the pair
th hput C h
((:or;gggg)oﬁge;\fctg d%tn%?%qggait el)er&g%ag u'ﬁfBFMnggg%)ﬁ‘f’°{“@‘ T%chur nt &P and

updat e as @ahsmigsiam of the vaI ue 20(C). Conversely, if the pair of current
val ues (throughp QEQ QP) satisfies the cgonstraints, set the nunber of trials
to MAX. St efem8d taatrelipparationtanthemsst GBP trial s been reached, is it

greater thap ﬂlﬁra‘?ﬂﬂrf‘afg* Aedgyal ue? 25NO then return to step 9.3 YES Step
9.9 Sel ect tﬁ est coc! paraneters: From anong the pairs of real val ues

(thr oughpufrhe@)artmh@ndrtaars’ cmodesspuaeld vehepr atraaltiHoial appach rhay kehe best
S I W AR =T A R S
codi ngpar HEhRjoFithAOAR 8srefdte fhieOrelevance of the choices of parameters
and the final performance naturally depend on the number of trials permit-
ted, which we propose to limit to three tests in our simulations. '
In practice, the complexity of the coding is multiplied by this number 6f tri-
als. So as to limit the complexity it is recommended that each result of the
15 coding method be stored and that the selected result be used if the choice
of the final coding is one of the previous trials. Moreover, if one of the tests
(including the first) offers a result within the constraints fixed, it is recom-
mended that it be selected and that the coding process be run with the
parameters in question, without doing more trials.
20 Figure 9 presents the complete flowchart of this mode of operation.
Step 9.1 Initialization:
Take the default values for the compression parameters and the feedback
information about the state of the transmission

Step 9.2 Sequence Identification:

25 On the basis of the last {n} pairs (throughput, QP), identify the most prob-
able throughput curve (C) for the current sequence
Step 9.3 Nb trials +=1
Step 9.4 Does protection need to be introduced at the_application level ?
NO

30 Step 9.5 Compression parameters:




* 26 tection). In the converse case, undertake the refinenent, if necessary,
of the choice of the best coding paraneters according to the applicable .
schenme (barycenter or the closest valag of OP +1- 1) and trigger the nethod
for coding the data with the codi ng paraneters (conpression, protec-

5tion). Step 9.10 Does the coding process conply with the constraints ? NO
Step 9.11 A posteriori control of the coding: Limt the throughput used to

amaxmum al u eith b ertin 0,a QP contr within the
oder Tor 85 %505 Bt leCatalbie Hepldiin Hlectnd il GRPLERPUREo  he 1 i mi ¢
of the threﬁgﬁ@ehwt (T)"viHiBh BRsNEorrasiRRiRdo tNEthroli§Rp®: ardt Wldo Qlal-ne codi ng
of the GOP. - d the packets generated 15- Store the real current value
of the pal rty(:ohstomgtmm QP) in the list of pre- vious pairs (throughput,

- tng e.L,s an t he new feed(g ck infor t|on bgut the state of
the tr ansbelehie Sestorind Bittstenana fiaser fof cBRootBsodor 20 aii nd
node Itsisypgortant to understand that the term"blind" refers to the fact
that the controller is not aware of the future, and not that it has no
i nf or mat i ofteMBS Eerpression/Rrvtestionthrapghou:anpertignment nf or mation in terns
of throughPHFeégfﬁHlngét{%ﬁ% e{cﬁ.@ﬂsgéléété’eoué%{uo'ﬁ Wo?ggﬁsﬁh{&&%%ﬁansm ssion

condi tions I'medl a coder sel Iy of fer

sonet hi ng QiF)far thetcurve(C) nakitef iapbésiblerterceiniply adithathe tMougihpbtis littl e

chance of actually being close to the optimum for transm ssion.
constraints.

10  For each element of (S), predict the length of the GOP and the distortions
corresponding to the frame losses (Dloss) and deduce therefrom the video
measure, estimated on reception, of the PSNRgp of the GOP, compare
this value with the best current value PSNR.

Select the best PSNRy,, and trigger the method for codihg the data with

15  the corresponding coding parameters (compression, ptotection).

Step 9.7 Control of the result of the coding method:

Store the real current value of the pair (throughput, QP) and compare it
with the curve (C). If there is no correspondence, determine the new best
curve (Cgop) for the current GOP and update as a function of the value

20 (C). |
Conversely, if the pair of current values (throughput, QP) satisfies the con-
straints, set the n.umber of trials to MAX.
Step 9.8 Has the maximum number of trials been reached, is it greater
than a predetermined value? |

25 - NO then return to step 9.3
YES '

Step 9.9 Select the best coding parameters:

From among the pairs of real values (throughput, QP) and their corre-
sponding protection, search for the best combination which complies with
30 the constraints and if said combination exists, trigger the method for cod-

ing the data with the corresponding coding parameters (compression, pro-



*In practice therefore, in the "blind' node the controller has information
about the transm ssion conditions but al so possesses statistical inform-
30tion about the video coding. It is 2§en possible for it to have sone
know - edge about the choice of the previously coded steps (paraneters em
27 ployed and results obtained wth these paraneters, in terns of

t hroughput and qualityDo ) Naturally the nultinedia data vary over tinme,

th ' t th te t
Fopr esent aSaEnAn i ColSTsB SRS aundrRaKs B8 TRERBRTE (LECassAReR ng t he
second st ephedEndibE of tPbast AR BaranEters é&mmﬁ&e@ﬁéawgﬁmratlon Wi th

cuts) hereinabove still nore necessary. In t par and trials"
nmode, the sphéme'(bapichoterrithe cl@lsy'st)‘naluaef Qfati-<) wddaggkmﬂmi reelge_ of the

id d h
el i st oebich el dfa kit ABoRREAT LG ToRmErarsioh PBlA% nout
m ni mumy pr ggaytions nay in fact |ead to poor results for the first GOP.

Step 10.1 Initialization: -
Step 9.10 Does the coding process comply with the constraints ?

NO
Step 9.11 A posteriori control of the coding:

Limit the throughput used to a maximum value +margin either by inserting
10 a QP control within the coder, or by post processing by deleting the frames

which lead to the limit of the throughput + margin being exceeded.

YES |

Step 9.12 End bf the coding of the GOP:

- Send the packets generated

15 - Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
- If there is any, read the new feedback information about the state of the
transmission. _ |
Step 9.13 Control operation for the next GOP
20 Blind mode
It is important to understand that the term “blind” refers fo the fact that the
controller is not aware of the future, and not that it has no information. Ma-
nifestly a controller with strictly no information in terms of throughput avail-
able for transmission, of knowledge of the transmission conditions or of
25 the multimedia coder itself could not simply offer something different from
the default parametrization, which has little chance of actually being close
to the optimum for transmission.
In practice therefore, in the “blind” mode the controller has information
about the transmission conditions but also possesses statistical informa-
30 tion about the video coding. It is even possible for it to have some knowl-

edge about the choice of the previously coded steps (parameters em-



* Také the default values for the conpression paraneters and the feedback

I nformati on about the state of the transm ssion 15step 10.2 Sequence-

I dentification: On the basis of the Past {n} pairs (throughput, QP),
identify the nost probable throughput curve (C) for the current sequence
Step 10.3 Does protection need to be introduced at the application |evel ?
NO 20 Step 10.4 Conpression paraneters: As a function of the avail able

he.' pair. (thr.ough h O .whj ch best
cor r eopond DDA (ks Rtined Wit FaBs Hasdimets)S. b Ersioftatodnblt &gy ot
the corres @ﬁﬂ%d&gﬁ@ﬁ@'&%&&%ﬂﬁﬁ@' muylifeala 45 \ipé?g'c%r BRI WMus %@H‘ﬁg-s St ep

10.5 Conpression/ Prot'ecti on throughput apportiohment: For ea egree of

prot ect i onjng it ttie Ea@hé@ﬁ‘sé@ihgé%a)@ﬁo Mender Hel Rippesiitive 8RheQurt he curve
(C© making it possible to con&pl wi th the throughput constraints. 30For

each el eneféntgdatym) to I@@ér@inéltni readgring e seeorcostemnef &ﬁeﬂ}ftﬁpiat&%r’t i o_nz
di he. {. ] . refromthe video
58 eactr e et (bdst ARSds R B RAiBR, Wi B RE DS a PR e bl par e L hi s

val ue wi t hnebesdmrgt current value PSNR. Sel ect the best PSNRgop and trigger

t he nmethod ,far codin he datg wth the correspondi ng codi ng paraneters
( conpr essi &?,'nﬁp%t%i"%fatﬂ?d g”?ﬁ%tr@Bd?cochG Qﬁ'ﬁ‘i’ {1’@9 whdeheninmsiatisveri fy

whet her 't hﬁcél“(r%@ﬂé@%%@i‘@%‘éi&@%bﬁ@é sOidsNto MUt A WP Bhr ARGt Sre

constraints on marqgi
not totally unrealistic. Choosing the parameters such as the initial QP

10 without minimum precautions may in fact lead to poor results for the first
GOP.
Step 10.1 Initialization: -
Take the default values for the compression parameters and the feedback
information about the state of the transmission

15  step 10.2 Sequence Identification:

On the basis of the last {n} pairs (throughput, QP), identify the most prob-
able throughput curve (C) for the current sequence

Step 10.3 Does protection need to be introduced at the application level ?
NO '

20  Step 10.4 Compression parameters:

As a function of the available throughput, select the pair (throughput, QP)
on the curve (C) which best corresponds to the throughput and video qual-
ity constraints.
Select the corresponding parameters and trigger the coding method.

25  YES '

Step 10.5 Compression/Protection throughput apportionment:

For each degree of protection, select a collection (S) of pairs (throughput,
QP)on the curve (C) making it possible to comply with the throughput
constraints. |

30 For each element of (S), 'predict the length of the GOP and the distortions

corresponding to the frame losses (Djoss) and deduce therefrom the video



' Step 10.7 A posteriori control of the coding: Limt the throughput used to
a maxi mum val ue +margin either by inserting 10 a QP control within the
coder, or by post processing by delet2®g the frames which lead to the limt
of the throughput + margin being exceeded.. NO Step 10.8 End of the coding
of the GOP: Send the packets generated 15- Store the real current val ue
of the pair (throughput, @QP) inthe list of pre- vious pairs (throughput,

@QP) If there is an read the ewf db nf of mat i about the state of
the transniEAsHFe: <SRS¢) 0 r%‘ﬁ gé ng\{ﬁﬂmff} h%B%efP"W 20 Ext ensi on
al l owi ng ttfis vgmaw.mfm; @ést\b@wewxea@@q»ggmmdes normal , data partitioning -

and franme m xi n%m o ment i oned previously, the various aI gorithnms presented

@

may be enmpbelasd eirPSNRgosanthisiggar thecmethag! forsadingtthetdata with say for t he -

nost cust opmr h Infr |cte and optionally
Bidirectio ggg%sp%é’%%gc&g@n@%%ﬁg@e%a CAUTPISR 19(5' 8?1%80% HPtitioni ng (for

exanpl es t hSté?PWBdc&mﬁg tthba:ddua;.fﬁne‘sh@d\dwr@ whethigrgh@ atrba®f prodacéxt ended X
profile) which nmakes it poss e to separate the data according to their

|rrportancecP’r‘i‘PF'@%b@t@tthﬁﬁhﬁ%‘@ﬁﬁﬁt?'ﬂﬁ:ih%%’?ﬁtraém@é’”a'@éfﬂ'ﬂﬁi%g to the frame

m xi ng modggdS) defined in the Applicant's patent application EP 1 779 689
or the publication by THALES [3] 30 as long as the node in question
possesses Btep ¢0.71 & pbstanvricfontdohbf the cating:

Limit the throughput used to a maximum value +margin either by inserting

10 a QP control within the coder, or by post processing by deleting the frames
which lead to the limit of the throughpUt + margin being exceeded..
NO |
Step 10.8 End of the coding of the GOP:

- Send the packets generated

15 - Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
- If there is any, read the new feedback information about the state of the
transmission. |
Step 10.9 Control operation for the next GOP"

20 Extension allowing the comparison of various coding modes: nor-
mal, data partitioning and frame mixing
As mentioned previously, the various algorithms presented may be employed
either with a “normal” coding mode, that is to say for the most customary
case of compression, with Intra, Predicted and optionally Bidirectional

25 frames, or with a mode allowing data partitioning (for example the DP mode
of the H.264 standard forming part of the extended X profile) which makes it
possible to separate the data according to their importance in respect of re-
construction or else according to the frame mixing mode (FS) defined in the
Applicant's patent application EP 1 779 689 or the publication by THALES [3]

30 aslong as the mode in question possesses its colliections of charts.



" A si'npl e extension of the patent therefore consists in calculating the
results obtained for two or nore of these configurations during the phase
of "apportionnment of the throughput b2®ween conpression and protection”,
and in choosing the best node. In practice other constraints may be

i ntroduced to 5prevent overly frequent node changing. Figures 11 to 17
illustrate various trials perfornmed by neans of the nethod according to the

i nvention. ,The irru{ ations, present ﬁlhe ei nbel o havei'be?n rried out for
on the 10 Ariamplaxiension gt fe-baigar herRlprasaasitrinfaleyiatiog fae rhsills t he
"partial apptdifdciot tweRsH Mbidef IRER cdrifighfitbrisafifiing fhe PrRfsdPSERgpRssi bl e to

observe gains of several dBs on average, with respect to the case w thout
adapt at i ontigpnmenbioftthe thepughput peetweeneecemprelision' apdaptotectibn”j andl war | y

possi bi | 1 1 Pu8oind $08 ekl lode IR o ficl SR BBoranss A Frdt PO Gt  ne

state of tprevehadnely frélqlmgﬁthﬁbgé@hah@ﬂgsyst emrennins realistic in the
sense that it remai ns causal; know edge of the real channel not being

avai l abl e in advance (only statistical values are known). This node may be

compar ed Weldir&0915899 MY vaRdaL IS Blriohfiba 1) fibaddof 8 digifiesst on and

protection paraneters are €rence gi vén operating point
for the syaterdingdbuhalihygntiohe optim zation is assuned to operate better,

except in few exceptional cgses for which uynexpected realizations of the
channel nayherymblaions PreseRied:ereiDlon dave cbeott BarTEdRAIaOr P Neust r at es

the gajgs Bﬁé%iaﬂg%é“"‘lb?a?lt Ecljééardﬁﬂ ﬁgbg‘j% %ﬁditd;ﬁhgﬁngﬁeroﬁaﬁd ﬁfé(’) gv’egr?tg%l'aﬂ% T, QOF,

15 Hz sequence, first S. art trials i ng node
i nt r oducedtrials™ dperapingemodeayn bt crgsesedt bas theenopessibledtonviobhevee

non- adapt ed_nnde descri ped previ ousl and on the other. hand with the
"total " noga'fﬁgvﬁisc,eﬁe@ﬁ%s%'ﬁégef%’ Wégt‘i SEREGLI ﬁhﬁfaéﬁ‘ﬂﬁtrﬁ%glaé}g&ha'aver age,
since it cgem g;gy)@metdéfélmpgmeta%pssi bl e prediction. The distance
between the results of the "partial "and trials" node and of the "total"

node wi | | HaRetatal” pards in deardy optimehtia the sense3bat cemplete knpwiadges of t he

prediction 0f. | al. nabl. us . to validate. the definition of
cert ai E]g pa?ﬁhn%t Eeér'éBégusgﬁ%alégf%@"i%%%esp%%g"ee&?nwgm3&&%{5@[@‘1"E‘?ré'&?'e 12

i I'l ustrat etioh ABogeihesstaty &f thecchannkl. tNbrfetheles 8! thedksysesie refiathsreanpl e of the
evolution in respect of the PSNRis given 5 with a Foreman ITU- T, QCF, 15

Hz ref er entlic dpfiRersaxfitat il regraing casa); knowlgdge of the ser)whaneekbndtect i veness

oL L oFt COSRS S EBITRaREBI S0 HARREEdet i are ofven

: This mode may be compared with the case without adaptation, for which

20 the compression and protection parameters are fixed with reference to a
given operating point for the system. Naturally, the optimization is as-
sumed to operate better, except in a few exceptionallqases for which un-
expected realizations of the channel may, by chance, favor the non-
adapted case. Figure 11 illustrates the gains obtained with this mode in

25 the case of a Foreman ITU-T, QCIF, 15 Hz sequence, first 17 GOPs.
The “partial and trials” operating mode introduced in this patent may be
compared on the one hand with the non-adapted mode described previ-
ously, and on the other hand with the “total” mode, which represents the
maximum quality attainable on average, since it corresponds to the best

30 possible prediction. The distance between the results of the “partial and

trials” mode and of the “total” mode will make it possible to indicate tb us



* 10 First of all, the charts which were used are provided in Figure 14 and -
Figure 15 for the expression for the PSNR (video quality) as a function of
t hroughput and for the throughput as 30 function of the QP. As menti oned
previously, the information on the proportion of Infra franes in the
sequences, which may be seen as a specific chart for the Infra, as

15il lustrated in Figure 16 and in Figure 17, is also kept. These charts

make it pogsible to predi a precise target PSNR as illuystrated by Figure
17 “The melRoRTasHyonRss < dbe hradEhra et AediNsARPGRNEIER 1St Bnot abl y
the 20 fol | Qwtg tRE\GEInRRPSof EortaMKSaramdleaS stie asi thet REMBBF ©f §8fer al case
of maki ng all owance for an erroneous channel, to carry out optim zed

appor t i onnemmeridachtests, diiguis 2 illustratgspte grinsvebtainge@ wibnthisseperat, and to
add protection irtue of t ual prediction pof. the t hr oughput and
o the 1 nping: Mgad, el dfile’ Jang et tesplef or WEPSNIR s Vi oooi i

C. Lanys Bewitht a Borehhdis KFPUANAQEIFATBNHZ" fefbicpite 86Qusricee andt fivet K 7awar e
joint optimzation of wireless video transm ssion", |EEE Conmuni cati ons
Magazi ne, B9RS--90, January 2007. 30[2] C. Bergeron and C. Lany- Bergot,
"Model I'i ng H 264/ AVC sensitivity for error protection in wreless

transm ssions", Proceedings of the Interne- 31 tional Wrkshop on

- Mul ti medi alrPooders & shoMEP effertiveres3s0af 139 proposed thmugBpotdantréet 2006.

[3] C. Bergeron, C_ Lany-Bergot, G Pau and B. Pesquet-Popescu, Tenporal
Scal abi | it cffsrm%u@ﬁemga 95, Ng v hersinattar hyaway of JuskkaliRisy . 264/ NPEG. 4

AVC Vi gieo Fpd 6‘Igall,Wﬁbﬁs%ﬂfﬁ‘%er@%sé@pérseﬁogb%% Figuweefp bRg ;g6 (2006),
Article ID 21930, 11 pages. 4 ITU-T and 1SOTEC J 1, Advanced vi deo
codi ng forurenérioe thadpressian feethe ESNR1(Vided Gealdyieadafunstiod. 64 and

| SO | EC 14496-10 (.MP 4. AV \/ i : 03 0, [5] C B
and C._ Lanj/ 849 t?”%&ﬂ?‘?%?“%@@?%?%é’"é’%@ﬁ SR or H.[ 2]64/ AVC video
'streams”, RegGfientidHed MVIGUIRP 1R idYglbrg%ﬁEﬁﬁbﬁ éﬁ‘é ?@@ﬁ&t B8 of VWRE T@Bnes PP-

ti
477-480, Shanghai, China, Oct-Nov [6] J. Hagenauer,
" Rat e- conpiit thel sequansesr whictomay| ke beealascddpecifirchartdon g Intral asnei r

appli C3t 1 OfhrblRd FFiode ¥ andth PRI 17/R a1sSRept): 4 15PP- 339400, April
These charts make it possible to predict a precise target PSNR, as illus-

trated by Figure 17.

The method and the system according to the invention exhibit notably the
20 following advantages: to make it possible, in the more general case of
making allowance for an erroneous channel, to carry out optimized appor-
tionment of the available throughput between the compression, and to add
protection by virtue of the dual prediction of the video throughput and of
the impact of the errors.
25
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' 32 €CLAIMS 1 - A nethod for optimzing a video transnission in a constrained
envi - ronnment conprising a video coder adapted for coding the video data to
be 5 transmtted" characterized in thg it conprises at |east one step of
determ ning one or nore conpression paraneters for the video coder
considered so as to transmt said video data at a given throughput D or
for a given quality Q by executing at |east the followi ng steps: define

and use refere arts for .said coder consi 10 - predigt for the
part of th@@?ﬂ%r ePfe ‘UWHQF’G’OP F@’eéﬁf?ﬁr@g@%gﬁas)arﬂ?-%ézﬂgn&'& sai d
reference g CanaelaMce200@N paraneters to be used, at |east the

quantization interval QP, by selecting a chart in the (QP, throughput) or
(QP, PSNR) [3]eprBergeren,i GnLamydergot, &hRausangkBe PesquetePopesdu; dleghput Di or

of quality Q. i .clgsest in distance to,said part, of _th 5 sequence
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to be trangm i b e, i 2 - claimed in
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t ransm ssi visual serdced, hid LbToRecomamenuitione He264 aidn¢SOHES rnm4ned-1g t h t he
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channel . z@\"@ﬁﬁ-%%\%%ét\rﬁ?aloasté\ﬂ@r 2@@34 n claiml, characterized in that it
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15 pp. 339-400, April 1988.



' Take the default values for the conpression parameters and the feedback

I nformati on about the state of the transm ssion Step 8.2 Paraneters of the
sequence: 5Read for each available rgalization of the incomng GOP the

i nformati on (throughput, QP) so as to obtain the accurate real curve (O of
t hroughput for the next GOP of the current sequence. Step 8.3 Does
protection need to be introduced at the application level ? NO 10 Step. 8.4
Conpr essi on paraneters: As a functﬁ:lvél %the avai |l abl e t hroughput, sel ect
the pair (throughput, QP) on the c '\@ ) whi ch best corresponds to the

t hroughput and video quality constraints. Sel ect the correspondi ng
parameters and trigger the coding nmethod. 15 YES Step 8.5

Conpr essi oﬂu/-F’rPomﬁigﬁ)d)rfOlt pPtmiging @ wdportrartﬁmfsatpn inFacopatraingd ggred- of

tection C C ai,r t hir oughpu t he curve
(0" maki ngTeiceoBpisd EUMEP so0s AoeRBuRr GdREURRilea iR IBDE 2oror
each el emetranomitted),, chiradietizeti he thanigicdnipriseBeat Gobstamsk bl 6f gétert i ons
corresponding to the frame | osses (Dl oss) and deduce therefromthe video

neasure, eBUNRELAE Bh MACLAMBIESSON PHEMEIRIGWS the vidro coger eanfildre this
value wthetheg &%h@ﬁ’ﬁt Rl "U?déa N&ta af ShifodhpuP BitorfighNRoop and
or h % cf)

trigger the met codi ng ata w e co spondl ng codi ng
par anetersg(veorquada&s@oby epemtﬂflgatdeast thedolldviAg stebof the codi ng of the
Send t&%gﬁakets ener at ed tore the real H:i%rrent val ue of the pair

(t Cthr oughput 9¢ Usrdefarenceengitelarsaid pedercansidesegnput, QP) 30 - If
: P:Lgmh(zsfghredlﬂ%rtth@ PRRVbI RBARAGK kBN B LhABrRRRY bonprestic, Garf  the
by means of said reference charts, compression parameters to be used, at
least the quantization interval QP, by selecting a chart in the (QP,
throughput) or (QP, PSNR) representation which for the targeted range of
throughput Di or of quality Qi, is the closest in distance to said part of the
15 sequence to be compressed, while complying with a given margin,
- update with an iterative method the prediction step so as to converge on
the best choice of parametrization, said iteration method being composed
of at least one compression step followed by a verification step,

- compress the video data to be transmitted with said parameters.

20
2 — The method as claimed in claim 1, characterized in that it comprises a
step of protecting against transmission errors, the protection parameters
being determined with the compression parameters while taking account
of the data transmission channel.

25

3 — The method as claimed in claim 1, characterized in that it comprises a

step of post processing after the final compression.

4 — The method as claimed in claim 1, characterized in that the data to be
30 transmitted can take the form of a GOP or grouping of images and in that

in the total mode, the method steps executed are as follows:



* 34 Step 8.7 Control operation for the next GOP 5 - The nethod as cl ai med
in claiml, characterized in that the data to be transmtted are video data
traveling within a transm ssion chanr8 and in 5that it conprises at |east
the followng steps: Step 9.1 Initialization: Take the default values for
t he conpression paraneters and the feedback informati on about the state of
the transm ssion Step 9.2 Sequence I dentification: 100n the basis of the
| ast {n} p$tﬁps ﬁth Q Izqﬂt%llj,‘t QP), identify the nost prob- able throughput
curve (O sequence Step 9.3 Nb trials += 1 Step 9.4 Does
protectionTarethd ee#éeltlvauuéyiweﬁe@bnida@sm afethétefs bAdehe Ted¥Babk Step 9.5
Conpr essi on parameters As a function of the avail able throughput, select
the pair (infermajiopiaboubthe siate hfsth&ﬁf@@sml@iilowm ch best corresponds to the

t hr oughput isleq | Sel ect the corresponding
par arreterssgeﬁcdiﬂ'? ﬂgr% s InthE e héﬁ od 20 YES Step 9.6

Conpr esssi ORERd dbee‘ebnravhhablegiepuzat&npof theimeniing GOP memhfcdm}atm of
protectlon sel ect a_collection pairs (through on the curve
(C) naki ng thrtoulgbegt KRR) 89 aédﬁﬂb}a'\ﬂnthﬁ qq@erqtﬂrre%%u@ (ébﬁéthrava*ﬂeut 25For

each el emepy; GOV &tihetcdridmtls f the GOP and the distortions
correspondl ng to ﬁ] Oﬁ Cosses ?%?oss%) and deduce therefromthe video
measur e, eStem&Bdﬂoemproéeﬁmn weed tof be ndrdelBiBd @b the applicatior,levaifpare thi s
val ue vviththe best current val ue PSNR

r-'-

10 Step 8.4 Compression parameters:

As a function of the available throughput, select the pair (throughput, QP)
on the curve (C) which best corresponds to the throughput and video qual-
ity constraints.
Select the corresponding parameters and trigger the coding method.

15 YES

Step 8.5 Compression/Protection throughput apportionment:

For each degree of protection, select a collection (S) of pairs (throughput,
QP) on the curve (C) making it possible to comply with the throughput
constraints. |
20 For each element of (S), predict the length of the GOP and the distortions
'corresponding to the frame losses (Dloss) and deduce therefrom the video
measure, estimated on reception, of the PSNRgy,, of the GOP, compare
this value with the best current value PSNR.
Select the best PSNRgy, and trigger the method for coding the data with
25  the corresponding coding parameters (compression, protection).
Step 8.6 End of the coding of the GOP:

- Send the packets generated

- Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
30 - If there is any, read the new feedback information about the state of the

transmission.



' Sel ect the best PSNRgop and trigger the nethod for coding the data with 30
the correspondi ng codi ng paraneters (conpression, protection). Step 9.7
Control of the result of the coding n®4hod: 35 Store the real current

val ue of the pair (throughput, QP) and conpare it with the curve (C. If
there is no correspondence, determ ne the new best curve (Cgop) for the
current GOP and update as a function of the value (C. 5Conversely, if the
air of cu &N t hr isfies the con- straints, set
Fhe number 6?‘) ﬁ?“g @F@HF‘@'@;@& he maxi mum nunber of trials been
reached, is it greater than a predeterm ned value? NO then return to step

9.3 10 YES Step 9.9 Select the best coding paraneters: From anong the
pai rs of r&at Thalmethodtas caighedin clapp 1a|¢bata1ﬁ¢m2&ti)lnrtbat theodhatartg e ot ect i on,

v conbi NaNPRTE, AEF TeB g reNHR0 IR A FapStuigbiorl BoFRAS 4B BL oW 1

the cors esputdi cignpreskisngt |§§gtaﬁ§tf@|[@,v|ﬁg@mga55| on, protection). In the
converse case, undertake the refinenment, if necessary, of the choice of the

best codi n§temPeaniitiglizationior di ng to t he applicabl e scheme (barycenter or

t he cl oses I reAh ) the data
with the cf)rgl}(%éH%gr%ganet earlséi fef thrgerbgglj %EQQSHCE}JF gmg%? %d)tﬂ'eg% 88528&10 Does

t he codi nglrtfomaxm amqiltble\statta dflttte transmrsslmts ? NO Step 9.11 A posterl ori
control of Stt 9% geq@ence Identification:

- 10 On the basis of the last {n} pairs (throughput, QP), identify the most prob-

able throughput curve (C) for the current sequence

Step 9.3 Nb trials += 1

Step 9.4 Does protection need to be introduced at the application level ?
NO

15  Step 9.5 Compression parameters:

As a function of the available throughput, select the pair (throughput, QP)
on the curve (C) which best corresponds to the throughput and video qual-
ity constraints.
- Select the corresponding parameters and trigger the coding method.
20 YES

Step 9.6 Compression/Protection throughput apportionment: .

For each degree of protection, select a collection (S) of pairs (throughput,
QP) on the curve (C) making it possible to comply with the throughput
constraints. |
25  For each element of (S), predict the length of the GOP and the distortions
corresponding to the frame losses (Dloss) and deduce therefrom the video
measure, estimated on reception, of the PSNRgop of the GOP, compare
this value with the best current value PSNR.
Select the best PSNRy, and trigger the method for coding the data with
30  the corresponding coding parameters (comptession, protection).

‘Step 9.7 Control of the result of the coding method:




* Lintt the throughput used to a maxi numvalue +margin either by inserting
25a QP control within the coder, or by post processing by deleting the
frames which lead.to the limt of the38 hroughput + nmargi n bei ng exceeded.
YES Step 9.12 End of the coding of the GOP. - Send the packets generated
30- Store the real current value of the pair (throughput, QP in the |ist
of pre- vious pairs (throughput, ) 36 - If there is any, read the new

q:)
f eedback i ti bout t t f. the t LSS S 9.13 Co I
operati on Pere e ek Eoeep ¥gehhE fat KBl R PR AT TR &~

charact er i ¢fifl thé cuhal (Chef therd® nefcordspbAdétee: i&imiAL theTleweBesd to 3.
7 - The nmethod as clained in claiml, characterized in that the data to be
transni t t ecunvak€gome fenthe etrranigefipiang widaterases funetiamof K valueconpri ses
10at | east c%he following steps Step 10.1 Initialization: Take the default
val ues for( )he conpressi on paraneters and the feedback information about
the staje Gbnibeely, #tABIpHH sfroubterit vallies (Braughget, QiDatisfiesitheoon- 1500 the

basis of the last -{n airs (throughput, , Identify the npbst prob-
straints, se§ th}e r?umber c()f trials t% I\F/I)AX. ®) y P

Step 9.8 Has the maximum number of trials been reached, is it greater

than a predetermined value?
NO then return to step 9.3
10 YES

Step 9.9 Select the best coding parameters:

From among the pairs of real values (throughput, QP) and their corre-
sponding protection, search for the best combination which complies with
- the constraints and if said combination exists, trigger the method for cod- .

15 ing the data with the corresponding coding parameters (compression, pro-

tection). In the converse case, undertake the refinement, if necessary, of

the choice of the best coding parameters according to the applicable

scheme (barycenter or the closest value of QP +/- 1) and trigger the me-

thod for coding the data with the coding parameters (compression, protec-
20 tion). '

Step 9.10 Does the coding process comply with the constraints ?

NO

Step 9.11 A posteriori control of the coding:

Limit the throughput used to a maximum value +margin either by inserting
25  a QP control within the coder, or by post processing by deleting the frames

which lead to the limit of the throughput + margin being exceeded.

YES _

Step 9.12 End of the coding of the GOP:

- Send the packets generated

30 - Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)



*abl'e throughput curve (C) for the current sequence Step 10.3 Does
protection need to be introduced at the application |level ? NO Step 10.4
Conpressi on paraneters: 20As a funct3®n of the avail abl e throughput, ‘
select the pair (throughput, QP on the curve (C) which best corresponds to
t he throughput and video quality constraints. Select the corresponding
paraneters and trigger the coding nethod. YES 25Step 10.5
Conpression/Protection thr hput . appor i i.onment.: or, eac e e of

prot ection; Ié@p%{s 3”366??83585%“( §epd§?°f3é’i‘f3§“€f'?n BEQH%)&}G Q@% 86) € he curve
(O meki ngtrhhsippsitdp! € to conply with the throughput constraints. For
each el enent of (3(8()5 predict the length of the GOP and the distortions 30
cor r espondSitgp 94 & Gentrelaperaiiysies thienestGOhd deduce therefromthe video

37 nmeasure, estimated on reception, of the PSNRgop of the GOP, conpare this
value with the best current value PSNR Select the best PSNRgop and trigger
t he met hodef-oThe erethedtasecidimiad i ¢lBink 15¢ chardctsi@ddintBath@d mémpar et er s
(cornpression, protection). 5 Step 10.6 During the coding nethod, verify
whet her t hEiads iscehinsenaiueest ea@btd 8s with the throughput and the
constraints on margins? YES Step 10.7 A posteriori control of the codinqg:
Limt the throughput used to a maxi num value +margin either by inserting 10
a QP cont r @l- Whe methbtescaldiened or clhim o shagaotenizesl inghblythdedathitode he franes
which lead to thteeJ imt of the throu%hput + mar gi n, bej n? exceeded.

transmitted take the form of a grouping of images™and in that it comprises
10  at least the following steps

Step 10.1 Initialization:

Take the default values for the compression parameters and the feedback

information about the state of the transmission

Step 10.2 Sequence Identification:

15 On the basis of the last {n} pairs (throughput, QP), identify the most prob-
able throughput curve (C) for the current sequencé
Step 10.3 Does protection need to be introduced at the application level ?
NO o

Step 10.4 Compression parameters:

20 As a function of the available throughput, select the pair (throughput, QP)
on the curve (C) which best corresponds to the throughput and video qual-
ity constraints.

Sélect the corresponding parameters and trigger the coding method.
YES |
25  Step 10.5 Compression/Protection throughput apportionment:

For each degree of protection, select a collection (S) of pairs (throughput,
QP) on the curve (C) making it possible to comply with the throughput
constraints.

For éaéﬁ element of (S), predict the length of the GOP and the distortions

30 corresponding to the frame losses (Dioss) and deduce therefrom the video



* NO'Step 10.8 End of the coding of the GOP: - Send the packets generated
15- Store the real current value of the pair (throughput, QP) in the |ist
of pre- vious pairs (throughput, Q) 37If there is any, read the new

f eedback information about the state of the transmi ssion. Step 10.9 Control
operation for the next GOP 20 8 - The nethod as clainmed in one of clains 5
and 7, characterized in that having chosen the paraneters to be used for

t he codi ng operations (c ression, otfectiopn), t coding is carried out,
a post - prg%%é“ %%@éf@?’o rgc%‘%l?éhtoédhw{%éw%pl‘PP%%@%O?R{“PBFQ:Mting
of f the Iag{,st,é@@ewig{ ti?ébéét%!ﬁﬁ%n(bﬁl‘ﬂ'e’]ﬂil\lhe | east inpact on the sequence).
9 - The nethod as clained in claim8 aracterized in that the post

pr ocessi ngSetend the b@ﬁbﬂ&l‘ﬂagoatan'dhmggewme afethed forodeding ttheidada IwitH eadi ng

f he H. 264/ AVC coder t foartif ] ty f 38
10 - T it SRPAIe E0HY PAFRTEIerE Eprrerekdn. PIORITICT or | zed i n 1t hai

the error- gesg a0tg DarigdRe Y2Rthg ﬁwe@hd@t@rﬁ@ww PrePURN pRed Gy ol uti onal
code. 511 - A systemfor opti mm&g a video transm ssion in a constrained

envi - ronn@ﬂmpb@wthéhﬁgh@ughauba ther cenpifstindd onomargit$hg t he video data to
be transm , the data being transmtted via a conmunication channel,
characterized in that it conprises at |east one coder provided with a
processor Steg abJ7eAfposte$boei0writMOfﬂ1é &idimg. of the method according to one

of Clainms 101 to 9.
Limit the throughput used to a maximum value +margin either by inserting

10 a QP control within the coder, or by post processing by deleting the frames
which lead to the limit of the throughput + margin being exceeded.
NO
Step 10.8 End of the coding of the GOP:

- Send the packets generated

15 - Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
- If there is any, read the new feedback information about the state of the
transmission. _
Step 10.9 Control operation for the next GOP

20
8 — The method as claimed in on.e of claims § and 7, characterized in that
having chosen the parameters to be used for the coding operations (com-
pression, protection), the coding is carried out, a post-processing opera-
tion is executed which will correspond to cutting off the last framé or

25 frames (having the least impact on the sequence).

9 — The method as claimed in claim 8, characterized in that the post proc-
essing step is executed at the level of the coder, typically leading for the
H.264/AVC coder to the insertion of artificially empty frames.

30
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38

10 - The method as claimed in one of claims 4 to 7, characterized in that
the error-correcting code used is a rate-compatible punctured convolu-

tional code.

11-A system for optirﬁizing a video transmission in a constrained envi-
ronment comprising a video coder adapted for coding the video data to be
transmitted, the data being transmitted via a communication channel, cha-
racterized in that it comprises at least one coder provided with a processor
suitable for executing the steps of the method according to one of Claims
1t09.



