SYSTEM AND METHOD FOR DETERM NI NG ENCODI NG PARAMETERS The invention rel ates
notably to a tool for supervising and determ ning the 5 coding paraneters
for allocating avail abl e throughput fetween an operati on of source coding
and an operation of protection by addition of error-'correcting coding,
called for the sake of sinplification joint controller, making it possible
to allocate effectively and in a realistic manner the avail abl e throughput
during the transm ssion of data between on the one hand the to conpression
(source codi ngS¥STEM ANR ME BHOT O BPEFERMENINGENGUNG e addition of
protection (channel coding or b?ﬁ%&M%ﬂQﬂ@é redundancy) for video data that
may take the formof images or franes or el se of a grouping of imges,
better known by the abbreviation GOP (Group OF Pictures). The architecture
proposed according to the invention lies notably in th$ i S xe%bn1of j oi nt
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a systemrefers to the transm.ssi I Ggﬂs' ' adj ust nment
of the sﬂf&ﬁ%ﬁm%geﬁeﬁ)?g?%@oﬁ%ﬁ%%gpré%!soéener&éﬁumﬁgﬁﬁgéd in the
prior artrhkosrchftéeuid propéded zecbrijmignto dodiingerimnalies ootdbhedt ithel y carry
out avail abl e throughput allocation between on the o erfgz%ﬁd t he conpression
and of tr@!mquejpzmmirtgaéwa%f@i'ﬁf%fﬁraapndﬁs%wg6*&8F!HP@‘V i'APJa8F- 5 The

separation_t. ' InCdhrSraste td@ks iradependent
optim zam'%%grg%hggb:%ﬁg\&%%%ﬁgﬁeﬁe t%@?uﬁﬁ%uwgnsrrn ssion chairn IS
suf fi ci egtc.) 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 the user. |
The invention finds its application notably at the ievei of a video daia 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 description, 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 t.he throughput is not unlimited (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 performed.



The installation of optional solutions of tandem coding, that is to say,

t he concatenation of source coder and channel coder, for one i0 or nore
pre-established operating points. Tl s second approach presents the
drawback of being static in the sense that it does not make it possible to
adapt to variations in the transm ssion conditions. In general, the nethods
and devices according to the prior art do not nake 15 it possible to
rapidly adapt to variatipns in th rransm ssi.on, gondi tion ' are often
[ requent The mriradspa gl inbieriaied 'E AR ERRL S P e BBl <
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perm tted/ avall abl e nean throughput for a rate of |osses or resjidual errors
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t he device according to the inventio an not onl %8{36 f orm t hr,oughput
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to the i on of "a corrector coding In the case where the operating
poi nis of mijhensyia tetaitrarsimissiond eapr asemt ernfrs| Wewesther frensnoissictaused by
transm ssion. . . .
conditions are better than the operating point adopted, a part of the avail-
able throughput is unnecessarily allocated to the protection of the stream
transmitted, whereas it could either be spared, or be used fo 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



In the subsequent description, the expression "reference videos" relates to
all the references which are used to create the charts and which are files

provi ded, for exanple, by the ITUT®3s common reference for the whole of 30
t he video processing conmmunity so as to carry out tests. For exanple, the

4 'Foreman' sequence is the best known and the nost used in this technical
field. The subject of the present invention relates to a nethod for

optimzing a 5 video transm ssjon. in .a constrained._environnent conprising a
Vi deo codBrnadENEIPer 1B EarHY PN i i3d8 T 3 Ra BLItG dABEYet |
char act erHeZ@‘ii).té&eEl WiHcd IhetRIBlidRE aAbchfa® foroBRt&dtRm Rims8LetdTbai ng one or

nore conpression paraneters for the video coder considered so as to
transm t issufficientieqrdefie.at a gi ven throughput Di or for a given quality Q

by executing. at |.east, tothe follow ng steps: - define and u ref erence
charts fomeiPa adarnkdhdnyesties on A datepprear trinafberiads. deo
sequeRnce ghRAfrd Hd 0s8 HTMRE F85QUcef N dRY ilBaRFUMr) 28kl 4Rl AinReitcharts,
conpressi on paraneters to be used, at |east the quantization interval QP,

by sel ecipongible, dnasambarisarewihe pssersubabiepier troq eperatesro, ¢
o ot hanef B BT B b ek DAL T AREPE-Spvaq bl belope

conpr essgfmilathidecofanapbsdurgesiot to asgovnbra parigifithe avaaldteevbirbean iterative
met hod the prediction step so as to converge on the best choice of
par amet r Whilgi pRViding ilantisehpeeieivast AdalitheiTRgt i i SYdthad thgreals #east one

conpressLan ShEhdLltiNas) Q¥ing W& bAnG b B8 S4B perceived quality, or
by obtaining better quality by using the band allocated initially, with respect

fo 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 é!so 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 whére the operating point of the system involves the presence of
losses or errors caused by transmission.

In the subsequent description, the expression “reference videos” relates {o

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

36 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 paranmeters being deternined 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 coding the video data to be transmtted, the data being transmtted via
an opt i oriBbleynardsegeenexis thenbasiikoawinomnd tenmalst uskdriadhisdegwdcaln that it
conpri se ch at | east one coder provided with a processor suitable for
execut i ng‘ e steps of the nethod according to the invention. 5 Qher
characteristics and advantages of the present invention will becone better
apparent fromreading the description of an exenplary enbodj ment given by
way of whdid subjest ¢fnﬁ%ﬁi prgsent inventien 6ﬁiaé%%mrﬁame§ap<b§ortwmizm 8s 5which
represent:., Figure 1 | . r ' f ystem
ccor ai g4 TRETisoaR T onoh L GO EehY Baffpr By Ry UL
chart repidepent for@obhiey tHeddged wadta ty bastrandnuitiet, arhapbctehized)irathiatzat i on
intervals, to Figure 3, the principle of a second type of chart show ng

. : : yp
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guanti zat j ' I - Fi ‘ 0 j Anyikagat i on
i nt erval g@“g{éﬁgfﬁé’?ﬁ%é"{%%re{’i@quoi@?‘&g’%?égsg%ifé g%%ﬂd%%ngtngﬁgofnﬁg@r ef i nenent
of the chigizeat afgivamathroughputiirorifot 2 ghain qualtie Qidydexdueting e ézast

uanti zati on paraneters may be used,
a 10 the follgwing steps: y

- define and use reference charts for said coder considered,

- predict for the part of the video sequence undergoing compression, and

by means of said reference charts, compression 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 fo 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 transmitied 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 parameters.

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 methed according to the invention.



Figure 6, two exanples of refinenment of the choice of the quantization
interval to be used when several quantization paraneters are 20candi dates,
Figure 7, the illustration of the inpact of the |oss of franes in a GOP;
distortions corresponding to frane 1'0sses or PSNR on partial GOP,

Figure 8, a flowhart showi ng the steps executed in the "total" 25nvnde,
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 ng -adaepti\{e caze fori a target

t hr oughpu®ther chgeaatenticgandadvantages0 BIESEH! MYESEOR XY BEERAMERe wi r el ess
channel (i, eée@%' I i | ' dikdeMGOPS) ,

Fi gure 12b,£arr1 aﬁﬁﬁ%%ﬁ%ﬂé&&éﬁﬁégﬂﬁﬁn lgﬁjgﬁPéS%N%@%\lja%é??Ee for the
"partial giveh byivedys 6f mbody inontiméingoiiusitalion aecempaniedoby the figess t hr oughput
of 180 kbps and a variable signal-to-noise ratio on the wirel ess channel

(' For émaVNiER{EAS$PRE0 sequence, QCIF 15 Hz, 10first 17 GOPs), Figure 13,
a collectio : t ' BRNRoAS N xbiihhof stdm tdeeofdir oughput
obt ai ned folr;] \%]gg?g’eﬁggr?géé? r:é%n%ghtgﬁPSNR ?%ﬁz @Fﬁy?%r mat , Fi gure 14,
a col | ecti on dhgdhére mvphden.i ng the throughput as a func- 15tion of the QP

obtained f oE Vﬁigﬁ% f,etﬂlée;:?r?nec?pléa %ftahﬁrsg‘ ?ip'gzo%l\grtfrgér%%tehting the video
quality as a function of the quantization intervals,
10 « Figure 3, the principle of a second type of chart showing diagram-

matically the throughput expressed as a function of the quantization

intervals,
» Figure 4, a way of selecting a quantization interval for a reference
chart,
15 s Figures 5A, 5B, 5C and 5D, a refinement of the choice of quantiza-

tion interval to be used when several quantization parameters may
be used,
o Figure 6, two examples of refinement of the choice of the quantiza-
tion interval to be used when several guantization parémeters are
20 candidates,
e Figure 7, the iliustration of the impact of the loss of frames in a
GOP:; distortions corresponding to frame losses or PSNR on partial

GOP,
« 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,
o Figure 10, a flowchart describing the steps executed for the “blind”

mode,



Figure 15, a collection of charts plotting the Infra function in the

t hroughput of the GOP as a function of the total throughput obtained for

vi deo sequences in the 15-Hz QCIF fofmat, 20 Figure 16, a collection of
charts plotting the Infra fraction in the throughput of the GOP as a
function of the PSNR obtained for video sequences in the 15-Hz QCIF format,
and Figure 17, an exenplary estimation of PSNR, a conparison of the
experinmental results with the prediction obtained by virtue of the 25charts
(1st GOP of e t lFagUrieot £ ram'exbigid of dhe reondiose gl éve ESNR tvhith 1iBreHforQCl F

format). To better elucidate the idea inplenmented by the invention, the
exanpl e whi ch the|"{okls MRFaayd 47 HPPFﬁC{?pr%’ei ‘f%sﬁngFéﬁa&%eHWé?L&ﬂ‘ cal I s upon
reference 30 yj L f YEREI-Hn6ledalo GitHewiBrbashi ch are
files provi degil‘g;\)@ts'ﬁg Urbfﬂgg Jc?@%ﬂ%on ?%st rgf er encg for the whole of the
vi deo pr ocess-channehgFommani] {TU-TFeidesx sapiience, H@CliEcae fizn' firskddence which

is used in the @ﬁa le is the best known. The charts can al so, w thout
deparfing fror? &)hscope of the invention, be constructed on the basis of a

col I'ection pf _ﬁ&&'féeﬁeén RBRHRE B ahé & offtidnhef heP PSR datratise fesponding to

the sce- 5nario’ o e systeminstalled. These reference charts are
det er ni ned i n thelVpartial anddrialsd niaste i the Theyadandive gasee dooattargstef er abl vy,

on the video coder that_ wll  act Ly i . SY that the
prediction i s(i%ﬁo” BBH?aﬁi%t’?.psfﬁgé &l \é%gant#%%&dﬁ?té'ngi%f%%g%gﬁesent
description ag@fbddIehathd (FRSIEATESE (TO-Thadeoreqaents QCIFrthsd,t which may
be an arbitrary sequence, or the reference sequences which will have

served, bef or @etid @R¥Psance and for all, to establish charts.
e Figure 13, a collection of charts plotting the PSNR as a function of

the throughput obtained for video sequences in the PSNR 15-Hz
QCIF format,

¢ 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,

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

20 s 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-
eo0 sequences in the 15-Hz QCIF format, and

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

25 charts (1% 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-



It is the use of these various charts constructed on the basis of reference
video files or extracted fromtypical sequences of the application consid-
15 ered which, by virtue of the predjction |loop introduced into the nethod
according to the invention, makes it possible notably to precisely predict
the paraneters to be used to obtain a target video quality and a target

t hroughput, and to do so even when working on a non-perfect channel, and
therefore faced with | osses or errors against which will be added the

20pr edi ctingroafmuhity. IFev exaofplertbe ecerashan Gaspieapp wieeh ispsedin theepar ti ng

f th f the i tion.th : | of
i deo dacsradinindr thachesh YR Rna e fudtis S S o Mo R HeBonbsbrali ch wi i 1
control the depel & MBdnidiom deschstaicteh@inctheobagiaces takddtion oft ype of

coding, etc.) of conpression and protection introduced, 25so as to inprove
the mean speaiencys repsisee@tivecifngestypgs ot dplm epITeaPORdina 0] WoPFRIt i on about

the transm ssi .t r,ecei ved. Figure 1 shows diagranmatically an
exemISarW%rPaélfgﬁe%g{g%ﬁﬁ g‘%\%‘(‘?g; in which the nethod and the tool according
to the i MR @feréBye BRaitopire detemtindd iSutivaacdericecarwd fdr albrelyse a source

coder 1, receiving the data 30 gor the streamo ta Fl, and suitable for
car ryi ng aatcaried eehpreiesay %-th%Wﬁlﬁoo?ﬁ‘fed&}‘?gwgf?%f‘ﬂﬂ-%%é{f?go'ﬂ 2 maki ng
| POSSI Bhe of iRl the3itefictiBh 1s oPg688 HRGHNg coding, and a processor 3

sui tabl e for“éexecuting t steps ac- cording to the invention, a
t ransmi sdSitenelehmmiebntéringiicte thayresent gearsiption are eithkuiheosequeniceel ess

! ransign Sstllxgtnonn(—‘?gclae ns] toairegr?s%%lt \‘fv%richSm%?/vﬂ)é] %n”a%f%%r% sequence, or the ref-

erence sequences which will have served, beforehand and once and for
all, to establish charts. |
It is the use of these various charts constructed on the basis of reference
video files or extracted from typical sequences of the application consid-
15 ered which, by virtue of the prediction loop introduced into the method ac-
cording to the invention, makes it possible notably to precisely predict the
parameters to be used to obtain a target video quality and a target
throughput, and to do so even when working o‘n 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. choice 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
39 or the stream of data F+, and suitable for carrying out the compression op-

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



a function of decoding the data or the video sequence having traveled 5

t hrough the transm ssion channel and generating a stream F2. The device

al so conprises neans for storing ong or nore charts of video sequences, as
wel | as tables or charts containing the throughputs and the video quality
to be applied to a data sequence. The word "controller”™ will be used in the
description to designate the processor inplenenting the steps of the ne- m
thod. At |east two hardware configurations are conceivable: a conputer

car ryi ng cottectime codidign gndpe patdessor Baswisiiadere exeditingsihrt $gPe athen being in

fact controlled by a controller/supervisar QSi. . ers or a

vi deo cofprERg it%ﬁ'}'/%éﬂ"(?,”t'ﬁﬂi eﬁf%&‘gﬂPE&?\%HPégga@@gg rb?gc?(%gésg)ﬁ%iosti ng the
sof t war ecgﬁﬂg{u{p 8f athEsiE N A MRSSIcTURRIANIRO b. reEBR/c8 5eRsving reeatdy ng, _
receiving an ransmtting video data, being known to the E@e@gg skilled in

the art, awunctiootofbdeatsting ithe diata arnthe wideanseguensst aving

constituting the originalit: ; j t 0@ prding , to

t he iﬁvemrioaﬂhﬁ%??rﬁggm'ssd%%ﬁ%{‘%éi% %@%@%@glga}nggsgl gﬁﬁg.let ro%%hput be- 20
tween on gidiecarifianhedng fepsioriageId ognaire tdhartsi afaddelabaquéncese |
transmtted and on the other han,d,thgu a%dition of prgtec i on t(% t hese data
so as toasovafeas tablemsel eharsncentaining tha hrechpitsanddheMReL WY ai nt s on

the optinization 0 r i T 0 hoped- f or
vi deo quécl’ ﬁ?ﬁpp{‘ﬁgﬁé ilésg?% Sgea eéeg'e:r/@? Q\g{rﬂg‘ﬁgﬁr@y reg‘? ng?ggdgg ﬂg@ an

obj ect i veeBERsidhets ddsigaate the phtessdrsmpiemeptieg éne stepsaof tiesinen. | n
practice, by conparing with a non-optim zed case (for which the paraneters
of the déWike are fixed at default values), this corresponds to maki ng good

use of t ﬁ?béa%?%&; FePlhRA u_ré’(ﬂfrﬁs‘; &8 @dncaivatile 3a dodtitdrcdrtyim@ssi bl e

either to provide an increase in the quality perceived by the end user for
a 30si m baf theseodifig bperatiesovia ceftware t ihivseftwars thengaging & fadi€cavai | abl e

Fesot Ce?ro\lll\gcii lbye/ ap(r:grYtir&iert]guipgrevri]stoircc%lodg%rgcﬁlievggra%'e%is} &r 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 this 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-
»0  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 possibie
either to provide an increase in the quality perceived by the end user for a

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

while providing identical perceived quality.



9 In the exanple taken to illustrate the present patent application, the
nmeasure used to estimate the perceived quality is, for exanple, the PSNR,

t he acronym standi ng for Peak Signalgto Noise Ratio, which is an objective
measure of distortion used in digital images, nost particularly in inage
5conpression. It is defined by: PSNR =10 |logio( 2552 ) MSE x-5
(PI*(4D-Pi(i>"2 where MSE =, M,Q are the dinensions (wwdth i=1 J-1Mx Q
and height) -of the video images, and pl (i, j) ( pr ) gives the |um nance of
t he pi xelln #ie examplatakeartorileminate thecprapenp paiant@pplication, ithe meas-nage. 10 In

order to illustrate th t hod and, t he,.i npl gnent at ,Qn,,t 0 descri ption
wi Il nowddetsed tp rﬁs@@%gﬁ% P&‘fC%'YT%Ci SHEWP’Q% %ﬁ ‘?@E‘%R@ fhe %%@3 Bﬁ% to cover a
si gni fi captofwriesndihg T6€ TIakoSignin es dNdTOsl FRatds, ewlickas @mbyjdeyiveay of
illustration’and to enable the reader to better understand the inven-

15ti on. Pnéamirplad dintoriien aseteinsdigialbnagrenmiost Paciidareaimagewi | | be
dependent _on _t he %? aé)‘%lic i.on, that is to say on the constraints to be

t aken’ i nCBMRERTURAT: 't 6 H}eedﬁé%l enentation of an application of nultinedia
type (where the video and audio parts argstor exanple nultiplexed) or of
streams of video data al one, PAN& =of0lpie( rmation available for the
optim zation to be carried out. These v us conditions, including in
particul ar the conplex ﬁﬁél@ﬁn%—%’ r.gg:al -time operating constraints

(dependi pgepdn wyst-ndr St ’ : | /O argethkadimansibrec ¢wididing to t he

t hroughput to be defd ¥@red) Mutlal so the operating life of the video itself

(going fromthe prerecorded stream which may bhe regul arly downl ?aded for
real -ti mend haight) o thenvislgerimegesueng uei(i, /) (pI") gives the luminance o

~ the pixel at original (or reconstructed) pesition (i,j) in the image.

10
In order to illustrate the method and the implementation tool, the descrip-
| tion will now detail three modes of implementation making it possible to
cover a signifiéant 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 .appiication, 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 be 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



10 once), wll require various practical strategies for the optim zation

nmet hod according to the invention. By carefully considering the various
nodes of operation which may be disqpcrimnated, it is possible to

di stinguish three main cases: going fromthe 5 optimal (froma control

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 known but for which the tenporal constraints will allow
t he cont romickirwidirredevée cariaus gragtivgl statagies furethe eptimigatier tmethpdw

configurati or& bgégjre; decti.di ng on the paraneters to 11) be used, to the
nost di f ACCATYNE RESAEF Y he control I er nust i mediately decide on the

par amet efg, éé}eﬁﬁlylb%‘?@id@?inbﬁthb%iibgs anbded bhbp@dtisnaies geaybe dis past

configurations. In practice, as a function of the scenariq considered for
an appl i csimioatedt iteistressibie Jeidistnawsd thieeopaincases: @oigg kit dheand t he

choi ces of ,.con- tro i i [ gqﬂs? i is
i mpl e?’rentoglt'm% (1:5%;} ée&{n‘r‘?{% \F;gln ?o})fnﬁé\%fi_c s o] a?@%#%dée%?lsﬂﬁbe@%]dpg adopt ed
for the easetwhemsultihedtoatolstream Whibehtreastiiteedris cohmiétemtodherol |ing and

directing the operation of the source coder, has, 20 total know edge of the
sequence C8Fe Ergaeeltain InfeAmaHeR ""tlf%%‘?i“ﬂ? REET &% Knpyp !é‘*ta%%l‘&”\ég"n the case

of ‘2 Vi dgg. ahBoSPEYALraihts Il dIoRFNBASSRIIRY P dBlRECactRiRL S0 GREP! essed

. !
ver si ons 0f equence at ditferent throughputs and/or resolutions of the
sane ori frnveakios eguesteefevocosiigypbijons befdre desidiaes snidhe pasametare to he sequence

i ghtl d d 1l 25 table or. chart
contaf n! B 1Ask tadns Thed GHIEDL Grss e S cedrafl ey BebetEd Tor o ser
of conpr ﬁééﬂd%rbr?me;ﬂ,\?lta%étewtcpﬁe aRBHI\eSid Raling SRyIUATRE. kidiiedgener al |y,

t he expression edge of the sequence" is therefore understood to nean
t he fact obfthekpanticogfigheatioheoughput obt ai ned for various codi ng

configurations (quantization: par r, ' LU= j.on. tenporal
Fesol 1 BhprTee) S A By R SRETb RN B e el i e
| best possible mode of operation is selected and the choices of con-

15 trol/optimization are made as a function of this impfement'ation of the in-

vention.

1 — “Total” mode
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 data server, it wiil 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, efc.) but also the relative proporiions of the vari-

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



ous parts of the stream (intra frane |, predicted frame P, etc.) for these
11 various configurations. This node is realistic when considering stored
broadcasti ng sequences, a term bettef known by the nane
"stream ng/ broadcasti ng” which may for exanpl e have been pre-coded with

di fferent throughputs, and for which the controller wll sinply be able to
choose 5the best suited for transm ssion on the channel at atinet. 2 -

"Partial and trials" npde This case corresponds to a de for which the
control NeUhdmicOFEGWAPNRaJEISR dS Ki tg‘d b SANSIIREING aéjéegodi ng
itsel f. | cally t - € rediiHs hgy C O¥irehmd

statisti a&q:c%fsgr%%%bdr%p‘g%%’uta %t%ﬂfeﬁr %ﬁg\ﬁgu?g Q%tnﬁr]rgi curr\(es of video
qual ity friaybeiadesastrewiessinuy foarcxastple hayqumearn pre-cateuithrdifer, spati al
resol ution, tenporal resolutiop,, etc. nd es_an, appr,oach,relying on one
or nore €ff Hl@”@"dplft%'a%mff ?%N%ﬁgithﬁﬁoai{eﬁ%rtwﬂ&* iﬁtb? @?S?é:lhf)?sgonl y a

i ted puibes Ofiek 5 SafdfissRrith aRNGHAIRP G altkbeal | v a set of three

tests” nmay be consi dered. iIs node is is realistic when considering
streans @i-t‘tPdrtial aed tdalsStmedet s on | ags, i.e. when the execution tine

necessary. to execute the, encodin h t j tabl e, and
when the¥-§’f3a9?%q CREPSHOYS th?i rgﬁgﬁan%? @gﬁwﬁg&gpﬁkﬂﬂ%@#&rﬁ%ﬁgpstandard or
the vi dep,60defaiORSOWREEE-atbut thBNided' canag itzelf Thisicalbdthecknaves ponds t o

t he case where the control nmechani sm accordi n’géto the inventi 8n has to work

wi t hout edgpl mlieskaowihsdgbasts Previdive: stalistirgl dPfoeRa{ionr apthdR the

ossibiljty of test] [ At ¥ r | J26 choose the
Doo b olibyfhmiEand B Ve, of WG OR: BFfl CoBestb oot rere for
the previfHsteRPqudrtzabibh Nshrammtern, spatiel re2bluteas tteefdozalt feselulion, al so t he

sinplest and the fastest to inplenent. It wll relé Iargel){ either on the
use of defcalind paeRRBARROAEH rBliNG QTICAR Yt MERR RIS 1P TBACH e 8Bence) or on

the par a%%%@g%in@(@ﬁ%ﬂf.%é@@l g &Slirhfle@ HifibdrooUfRists MagGolhe best

coding p e’'use Iven instant t. This node corresponds to
sol ut i ongowdidéred: tyidallyi areetohirex tests amay be dansjared clibis3opdeliy sui tabl e
for ?5 re%éiigiiicr:m wl'?e%t %orsxéiafeeﬁr% Ss ?ehanz%s? \A?ith\/iﬁ%eit%dc 88;18 Fainte on f]a%s ie.
when the executioh 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 - “Biind” mode
20 This mode corresponds to the case where the control mechanism accord-
ing to t.he invention has to work without compiete knowiedge 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.



In all the aforenentioned cases, the control nethod will result in the
deci sion on the best choices of paraneters for the conpression of the data
and optionally of addition-of-protecdtion paraneters for the throughput
conditions and transm ssion conditions avail able (state of the network
and/ or information about the state of the channel). For the "partial and
trials" nodes and the "blind" node, a second adapta- tion step may be

executed so as to ensure t the tar e_ hr uhu i S,.CO d.with. This
post - pr oc'@s%’”‘i‘&%ff’é%“%tl'qm@g s Q1 © 8f’£59 @Fgfﬁ%ﬁg" It(')"WB ‘%t ing a nunber
of framesg;of PAHEhEst R Gifles 'ot JePE N SO %é'db%%re‘é@?éhdoﬁ gaddie an

exaggerated overshooting of the target throughput. This cutting operation
is used aamdopiialiyed esisliion- ofaerMtQﬁamF@mai‘arsngﬁ tbe|ttnf@ugépu‘rnre®1(5 to 10%

of overshqgot possibly bei.n l.ared ac t abl ract it will often
be possi b‘f@ 't% éﬁ'taé‘%ﬁﬂ?ﬁ?ﬁ %B'é’”c?o?ﬁ?é'ﬁ@%t Esg %) b’?ﬁ a(%jég t he
dur at ison jaforfB8os aBHENGR Shiderthbyhahabi)ting from al so haVI ng certain
predictions conveying throughputs I ess than the target, or by fixing

stricter constraints on the later parts of the video sequence when the

hoot- b 20T t. t ool d
the. ot epd T bPonereLanlyPeine Moo e bRy hbter g SeB8A0 ARl ' 001 T
supervi sitm Stepcany e ek@@ltadeQDlas tarahs‘tmcthabttm targetithradgimputison for a

spatial defi n|t|on and a tenporal resolution 25The rrﬁgsures used for
opt i ni zi eMMEdt Wiihs g RS repcassing, stemwibba analied HEATRIEY DY¥f t he vi deo

ber cah v etpltinat ARMsRP of Ranfadat (idlchd thgztﬁ,ﬁtet{hég%r@%%é@ SYat he end

user en prop ose N rererence expressi on 1or t he
hoped- f oneay &F ageextaggertdted endrshooting atlthemltg'e@mmﬂghputt Akiscodtting of the

source, the 30packet| on in the network, channel, d| ng, oper ati on,
f ol | owed RPN lsrrfy%ﬁ,‘f OBy MRENCHRIRSSPTY: rﬁfh@ldéa at'é’ﬁ’dm@{)gfv 8rati ons,

may be usgdd (330 10% of overshoot possibly being declared acceptable). En prac-
tice it will often be possible for this margin to be compensated on average

15 over the duration of the sequence eithér by profiting from also having cer-.

tain predictions conveying throughputs less than the target, or by fixing

stricter constraints on the later parts of the video sequence when the over-

shoot becomes oo 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



as a neasure for conparing various realizations in the choices of
conpression/ protection for the sequence to be transmtted. So as to obtain
enough data to operate, in particuldB in the case of an ap- plication with
protection unequal to the errors, for which it is inportant to 5 predict
the relative proportions of each of the partitions, but to ensure that the
predi ction of the conpression throughput operates and above all is averaged

over several franes,. the optim zation propased .in,what .foll i s executed
on the b&§ 3 BHeaguenios MNga VP 4t é%ﬁl&%ﬁgﬂsdp%ﬁa%bcgcezs(ﬁg;%% group of
| mges. }@Yré@é)ﬁ/g?&aﬁﬁéﬁﬂﬁtﬁé%_@hé@ﬁcéﬁp@@tr@hsm@e&.nvention, it is so of

course understood that wth mnor nodifications, the explanations which

fol | ow mBo appd phiain reeepgbtdata t¢ eageen pavtighlar iothe ease of @PeP-as a group
of image hut _which arise. under anqQth for . re .gen he data may
be audi opga’f‘%‘)’b?”"i‘?i STk ?é%ﬁ% eﬁgosrgf Tk t‘&ﬁi‘ggt@ﬁ‘?én% L8 the

et hod om8diEORRY rebiti ritoreest dddbostmendartiBbng eatte erished thdte

"sensitivity" for a made up of intra frames | foll owed by N predicted
frames Pthe pesgiciierdad the earpiagsirc BuRkghpUl ARSTIRS aNHA8DOYe 3lr!Ect i ce, the

sensitivities of q[gtg% on ' [ “widfica P franme
i's not r@é’gﬁ?{?eegi %\éerr}fsee(% fi‘} h%sg%{?ﬁgg%’%%\%ﬁng(ogj}%gg%e%gglﬁ?bw r?eif/ have been
t ransmi t eRecGedr @t they bagis| df athrobghpetcoaicula®dd gtoupcobiinages €60F). The term
"sensitivity" for an imge or q? frame. nmakes referetg%g.heret.to.t,he

measur emBHtgreEP Oh énages oV e E?ﬂa\‘g‘éﬁlé@ﬂ‘ & ACRRPELE TR Wé"_ﬁtdﬁorrpr essed
ori giypal ¥ LHGRESGANGLEBA! Rat ifin ARG, WRRARHIBAS! MRASERIndoMENhiBH questi on i

| ost "Or erroneo n practice, the calculation of the sensitivity adopts
t he assufgllowomayhaipiyirerespett aendges!whkich areopapnstitaid aab giddporti on

of "t he dPLIBRSD U OIIER TR waar b e MRS oshsrle oS F881 | orbl e

The i npagta ohe LRGIPESY SUidES aBRS THISC BnBaysssiity be enirmplertsttlie r ecei ved is
consequent&?y taken 1 nto account by using a conditional probability on the

pr evi ous nfathod ontacederadMiBEzd tyPehi s | eads to the expression 30 for the

t andar d ded in,t R ntra, i : th
O R, TOUTIER 0 AN P P b g T
Pe) 461) . FhpnR! (fbliows8 by phediatat fraf@ssiP i€ egprdsBed ibyhtaRinkracmunti th D' the

di stortion observed when theP-frame is |ost although the ;yevi ous franes
are correkthe faict 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 fransmitted correctly, will not be recon-

20  structed correctly. The term “sensitivity” for an image or a frame makes

— HasisaTatll P o

i 3r 4 i s 3 I T s
e GISWOrhGn mroGQucea wWilil o~

reference here o the measurement o

£
f

~i

spect to the uncompressed original video sequence in the case where the
image or frame in question is lost or erroneous. In practice, the calculation
of the sensitivity adopts the assumption that when a frame is lost, its par-
25 tial distortion degrades the mean distortion of the GOP sufficiently for the
confribution 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



D= DON the nmean distortion of the GOP without error, with A the fraction O
5 of the frane which may be partially noisy wthout desynchronization of
the streamand for a nenory-less chddnel with a probability of error for
the bit P Wth the experinmental values estimated in [5] for the paraneters

A, i.e.: 1- fic, 0.25 and 1- fi, 0.15), it is apparent that equation (1)
can be util- 10 ized once we know, for all i, the values of the size of the
P-frame a, , the distortion opsgrved when the jili P-frame is lost although-
t he previgus_ BSp @€ COT I (1 pahd figallpythe nmpan distprtion of the
GOP wi t hoU#” eri; Df):a. Naturgﬂ);?(i ne?he (I:age %erz &h error correction is

i ntroduced, the expres- 15 sion for the error probability P, will al so have

to be est@hl ishiesl sizEf tha afib-grantdienitis eD,of thatistodiopathsenesguhenur ed
convol utional ' codes (RCPC) on Gaussi an channels with decoding with flexible

I nputs witht enahlents i§ Qoétsﬁltﬁélﬁﬂb%@%r@mddﬁefr@hfsy aps Glomidt tithest abl i shed
in[6]: P,ad.Pd P 20with dfree the free distance of the code, ad the nunber
of exi stimng=pat Hee nRebr=distdrti¢n Pf jha FOPvathabit oy, withats, dhedraddinBous path at
the distance d’is sel ected when SNR= E5/NO. 15 case where protection
unequal taf théréraeme oihich may diespadiebyl notaycnitheut drayngesizadion ¢fihene

of qual | 5981 SCREoRBALGOHEP PhAn e &hrabRBRLER optor BESHDTYL ™

“total" npde, the know edge of the streamis perfect, and consequently all
t he val ues necessary for determning the quality of the netric are

avai | abl gyt hRe 'br%?éﬁi-r@nté}%i&éé absmatge [B)dot e patdmetersogieiare causal

and the future information is not available per se. In these [ast two
modes, the gt atist haali kpowhadgeit of apbaramdeaioéqudtibec( 19 @dinnigs atil-t he oper a-

10 ized once we know, for all i, the values of the size of the i* P-frame n,,

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

frames are correct D, 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 2 will also have to be established. For exam-

ple, the use of rate-compatibie punctured convolutional codes (RCPC) on

Gaussian channels with decoding with flexible inputs will enable us o use

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

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

Jree

P, =Lerfe(, ,‘f—;\—,’fi) 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



10 tion may be obtained, for exanple, via a set of charts, which wll

I ndi cate, for a choice of tenporal resolution and of spatial resolution
(corresponding to the choice of formgt and tenpo of the inmage) as well as
for a given choice of conpression, a prediction of the video quality
obtained after reconstruction and the throughput obtained. O course, it
w Il also be possi- 15ble to obtain the statistical know edge from nore

t heoretical approaches, but the prinpciple remains, the sane. Fqr these |ast
tvo. modescasenBNpEp PERIBAtRR LBROHR hies PIOTS IT ConBerth SHAbAS doder wi |1 be
nor e easi : | e RUPies8bPRRPROGIRESr as reference

par anet eré%ﬁdﬁ@%ﬁ?@%&d%ﬁ?ﬁda{?ﬁg FJ(%‘uant i zait lon interval (QP)) for 20the various
possi bl e Pextictiah ofrttirepghpat andrdfi qualityi fonthepinggles othdr thanrthees t he
principle_of the first set of charts, which give the information about the
vi deo qualtpw J30de ynction of the quanti zation paraneter for various

real i ﬁati%r&is 16r 488 “®AICANde2 B AbRIcde blugler F@emti@epetneingl e of the
second set of charts, providing in- formation about the throughput as a
functi on afnsehuegiant!ithatvalvepacanssasy oodeteranivnigethe aLabidtelohe of vi deo

stream It shoul d b ted that_the. o ' ck e ly be a
two- di ma'ﬁ?ﬁgn%ﬂe %\W@?B Pel’ ?’gea ‘%ﬁé%‘e%}fdng ru@éag:érg]g{h%ﬁrﬂgﬁe t% érpeél ate the
quant i za-cz3@at bAd tRARGURS BifSrmusteoh satotthailubld persse yipetheod ldstawe (for the
standards of- 16 fering potenti al Hﬁﬁgl fferent quantjzation intervals

accor di ngnedes.rae sjgisticalr krovdadas o meslel§f Videp eRdingd e GBRfar med, t he
fol oW ng; fules wd bbthfed!$60exdrble, P a set of charts, which will indicate,
for 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 pfincipie of the second set of charts, providing in-
formation about the throughput as a function of the quantization parameter
for the same realizations of video stream.
it shouid 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-



QPp = QP +2 QPB QP + 2 O wused) for, respectively, the Infra franes, the
predicted franes P and the bidirectional frames B. These proposed rul es
rely on trials and sinulations carriiéd out to establish pertinent rules for
t he quantization, outside of the fact that the | east significant franes
ought to be quantized by using equal or |arger quantization steps.

Moreover, it has been established that: the principles established to remain

valid for, the other rulgs ual L.y well .in_the case ene

non- pr edé?f‘%@oﬁ%n%@gyéii&%’ief‘?%Hapwast'Ot';"ag‘é?w?#ea%%‘?{ng\gﬁd{h[ehé}&%ﬁtoefr pol ati on
are not taon dhTeDSicanalin 2k Bikis bBfeen&d BFoMeRINg3 Iy wilyy usiidrensi onal 4D
(if a @B exists”and 1s different fromthe other QPs). Figures 2 and 3

represent; QBsgdgPi vel y the expression for the video quality 15as a function
of the qupntization_paraneter and the expression for the throughput as a
function t fre ifu*agti zation paraneter. For any start point (default

val ues, i Prrgag%p_pzf r e previous GOP, etc.), these charts nmake it
possi bl e Bst &bl i Shrthe’reference curve which will be used to determ ne

Lhe hopedaf bshdHiRUANRYS RS fAnf2, e pRAREIR afiuark and2feapitan paramet er s

QP and theée’'correspondi ng hoped video quality. The use of the curves in
pr act isce tivagl bamas B.ol l ows: - Find the possible quantization paraneter QP

for a target throughput on an identified curve, - Far identified curve,
the char t-‘q'le§er¥880 ryleg rgdon tf:'ﬁgraé’éci)ﬁlﬁﬂfqﬂgor&cﬁ@egt%@%§ﬁgal%§i'§{1e cl osest
on the Cgy_’érrqmedt%l%%'f@@&%ﬂq&éﬁtizfah@n,téﬂxt@lde & theduehtHabehe hast sipaftai ns to a
w de possible QP and throughput range, these val ues are not continuous,

t hus basicaat famas peghlotss bl quasitieg@ Ly ¥Singeqyd doralareel auaitizaHodf t he
ot OO ot Wplever R haRnBEf dfaiRclithde nd EifigIBY st bigRER! v Wi th Tt
10 remain valid for the other ruies, equally well in the case where the non- -
predefined rules exist; in this case, the chart and the interpolation are not
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 corresponding 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,



2) to not be in a position to select a candidate i Mmediately. In the first
case, illustrated by the candidate QPB in Figure 4, the candi date QPcl osest
is imediately selected and may be uged for the encoding of the sequence.
The candidate QPB is the candi date closest to the target 5throughput
Dtarget for chart I; ‘in the present exanple, this corresponds to the target
t hroughput. In the other cases, a refinenent step nust be executed which is

speci fi ed _herei nbel ow. Refinenent, of th el ecti,on of the best quantization
par anet er2)dp ”P@)Bﬁ I é‘fi?cffﬁl‘%h{]o gﬁﬁ%‘?} %@,ﬁ%@aﬁe@@gg}a\}?iye! ther when it is not
possi bl e L gnf ifRY ARel ML SFARE ! BeIRAIdAL QPYiA PRIUPE thedbardiateni ti al

chart of the reading operation, or else when havi ng executed several trials
wi th t he QBadkis B imamedintalpisslectadyend rhay bearseshiforpghe renceflingeefi theat i ons

(t hr oughput . have bhe btained on the basis of th r]al n the
current ﬁ&%?&ﬁ%%ﬁ&%@ﬁﬁ%@‘% B 'iSt??e\93$g\Ga$?i%$§e%§j B’éezg?ﬁe%%t ed, which
will 3l | gMoTRhBUP DRGSR deker finahé Preséntt dearhplathier coifeddondeast i on ( GOP)
of the current sequence, typically if the choice of the initial prediction
curve washadarggbduoughmiéver, on account of the linited number of trials
necessaril y, i npose . -1 I i L L0 onstraints,
the fi naltngrﬂ%&aroc%s'?ﬁégggg@ |%g{ %%ﬁ 'ﬁggt t%%%tg%%@g\}daghv%%kbg@tegn have to
be made Wwekdiabéiohavi ng found any QP that corresponds perfectly to the
t hroughput OF quality tg;rge,t, hus, si gni fyi ng thgt a chgj ce nmust be made

A - &y () o z

with onl W diac:gHR T 81 _b QUSHEHZ U, invi saged whi ch

have .hee LRRER o Fi 7 Y - all the
QPs tlgstZ‘dF @‘r‘? one Sgérjp %@%ﬁﬁ§§§%| gﬁ??%ﬁﬁﬁylggﬁgg)gﬁﬂ%ﬁfg?%et, Case 2
- all thenQReerhesliatd ¢onidate an timpbastsuol e indtatectsiryof the serdiggbel ow t he

]E nggt éoggg(ﬁgi%zw? g»r %b‘{ee\}vggrp &g?%‘é%g%%teocj seta\?e%a} ﬁ'irags? E'vitihsthfe QHQI%aPSﬁé“B en 2 Qps,
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-

e

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 guality 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, 6B,

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 {arget,
Case 3 - the throughput of the target is found between 2 QPs, found

30  above a single curve,



Case 4 - the target throughput is found between 2 QPs, found above two
different curves, For cases 1 and 2, various strategies, fromthe safest to
the riskiest, may be inplenented. Th8se strategies correspond to a sinilar
approach: either 5take the closest tested value and use it, or try with
anot her, placing total confidence in the chart assuned to be the best.

| ndeed, whereas at first sight it mght be believed that the chart nust

: di at . . N
br b e (50 3dpe Mot MrofBhpl! 00N hetfpef> DROTOAM bR the” L TH0 s
GOPs, | 0gwkdreht &lrges, corresponds best for the current GOP of the video

sequence to be coded. A video sequence bein a?l e tg chan%(e? greatly from
one nomefercgsandt Mg 2( ¥R shategigsm drom hg safert e dle rSKSFhdra%se in the
not i on, ' [ ; : I, ' ' adithrat a
certain :ﬁ%ﬁ@ﬁ%;ﬁ%h%y%%%ggﬁ %tgtijﬁs%%?sé%ﬂb?%gfrgWa%rﬁécm'gi%ﬁorrent t+1,
and t her eakdl Bfeoclesastt teatddovalgeaahdpusdii; tardry, with amethsuldagiogrivtalescri pti on,

an approach_havin controlled risk J|evel will be used: 1in case 1, use OP
t hecl ose&Phfdenge =gé§%cg?ﬂ@§éuasdttﬂiﬁ R3St 1 20 knowi ng that ot her

adapt at i élﬁxml#é?eg%%iﬁ%%r 'ti(%igﬁ%@@’ﬁﬂeﬁeb&dthl@loﬁmienﬁﬂérh%dﬁﬁmeﬁen_t as a
function of the relative di stance between the throu%hput attained with (DP
[

-t hecl osextiatebngive tak hestQPhi shavlgenotibe tugaiten thatithe daedrgblame a
barycent Fsr tcg edle?érimolrrx]é, {)gttﬁe'égé[ig of 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 change 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 fact 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 QPtedosest* 1
- incase 2, use QPnedosest =1
20  knowing that other adaptations may be considered; for example by choos-

o el L SO e -

_____ - P S o
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ing the increment as a function of the rel

throughput attained with QPeciosest cOmpared with the target throughput;

- in case 3, use a barycenter relation:

rate,,., - rate,,
-..leinf + . L X (Q}::;up - anf)
mtesup ~rate, .

25 where ratemrget is the target throughput, and for the two candidate pairs
(QP1, throughputt) and (QP2, throughput2), rate;s represents the low-
est throughput, rates,, the highest throughput, QP represents the
lowest quantization interval and QP;,, the highest interval;

- in case 4 which corresponds to the most difficult case, which in

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



OPnf9rgetnr X WpP rate"p-ratenf 25where ratetarget is the target

t hroughput, and for the two candidate pairs (QP1, throughputl ) and (QP2,

t hroughput2), rate inf represents tR8 | owest throughput, rates the highest
t hroughput, QPla/ represents the | owest quantization interval and QPsup the
hi ghest interval; in case 4 which corresponds to the nost
difficult case, which in 30practice corresponds to a scenario where it has

not been possiplgsoring helebeodl difart RE tRESERELNCARBVIl M tdEogafiuence

having to be c agai n, e operation of calculating the barycenter
proposed for c;aaea@;anrs tpes@lebat@n d}ftﬂalmgtlmgjme batycteuteraarbpesectfdrecu ve if

the optimal curve has a ver fferent sl fromt curyve sel.ected or
el se IO5 from tqaéet?%/\/@ Q%ﬁ}ggyg'éﬁ B@Y Y RHS?‘EE’F le5p e&ﬁv%gn Bt f or

exanpl e, in ins@ardignas bhidrd d@f%r@ht élofpe'ﬁomsthé\(}%drv@?.bl%btéd‘épelb@e
interpolation: the three paifs (throughput, ) being used to define a

curveson whi crﬁroam then tveo mmrma selented. lzf’mqié@lf splEidn dionsists.yfor e¥alhe tests

descri bed herelnafter t.he .f r_th h will be
toused. Estim%dh '?ﬁéq'% | %‘H&t%o' ﬁ{ﬂfm(gfls FH%%%??I”S‘? t%‘ig @%F‘{ |I%Y}rchnf or mat i on
Havi ng est abl isd@tebhSaineefird etk @r)ebding tﬁﬁpﬁﬁﬁeﬂﬂe@l@gt\ﬂ@soﬁf each

frame (n), the distortion observed when the ith P-frane is | ost ,) and

t he di storti owhigh erentsmpolation ma%d’%&@ﬁﬁij"%?(%r@@ﬁ f"l"léh%&st%fd@a chart to
i s predict th%&%\@é@Hg%ZHéfﬁ%nﬂ i "E\? mdlé%rf@{e 5%2 @H@E‘%@éh @fpsrial s” and

"blind" appro tent escrl ption ow to obtain the
m ssihmpg i nforgeegon: D, (the distortion of the GOP) is easily known by

virtue of the chart (type 1) since it i voIv s .1 he, value of the PSNR of the
GoP for Estinmtian obHee lanath and ot the partipldistartion infogmaien oop i s casi |y

known by}-%éfvfr&d"@s%‘ohéﬁ@d ?h@rnteeﬁt%oés@e?t@]?@iﬂe&?vé' i8h Q&St&eebaﬁ oughput by

t he nunber o Irmages per second e tenporal tesolution of the
sequencefﬁa%é((@\}\ﬂhgqr stoAdh 6bgdred when the i* P-frame is lost (D, ) and

the distortion of the GOP (D), and having proposed the use of a chart to
15 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

20 QP considered,
- The total length /,,0f 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.

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

Intra

additional item of information (the ratios for the intra/predicted 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.



25- The Intra length /is also known fromthe chart (type 2) as an
additional itemof information (the ratios for the intra/predicted are
stored), as illustrated by Figures 26 and 17. In the exenplary

i mpl enentation, the fraction is stored in addition to the chart

information, as illustrated at the | evel of the aforenentioned figures. 20
The question which renmains is to express the relative contribution for each
frame in terns of length, that is to s din ter i stortion,

It f
that is tihesayeshion whishiremaing @ttécﬁ’qpﬁe% ther @*#}V@wfgaﬁﬂﬁ% Of’?ﬁ&'&ﬁi ty
oy f o ) ._ artral - qudl
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OPsize -1 10 nstrai | R0 AT : r.atd mar gi n
i ng. adrmiear prdepdrleh B ERi-PRE bl MoreateeifidnaREirt T 81 0
descr i pt ige@onbd | inEsgiMEstie tRegbetntantdecbeamhtiecs Windudidgrtget

t hroughput The concept of throughput control is not new, and,k numerous

al gorit h@mfﬁ%wéeb@é@feﬁwﬁﬁi@ﬁh?ﬁmﬁ%’”%%‘@69%%9’?%@*9 PrORCseHr e. Their

comon aimis to ensure that a given sequence attains a nean target

t hroughput ovep, t ke-Dyrati on of the sequence, and their general approach is
to react without abtupt change in spite of the quality of the limtations

- of the bandw dth and conpl ex evolutions of the sequence.
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loss, =D lossy + G
size
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size

10 Constraints imposed and definition of an operating margin
Having defined the parameters and the data, and how to obtain them, the
description will now give the margins to be complied with.

Target throughput
The concept of throughput control is not new, and ‘numerous algorithms

15 have been proposed in the video coding literature. Their common aim is to
ensure that a given sequence attains a mean target throughput over the
duration of the sequence, and their general approach is to react without
abrupt change in spite of the quality of the limitations of the bandwidth and .
complex evolutions of the seqguence.

26 The aim of the controller which will use the algorithm proposéd 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 (foo much throughput cénsumed or conversely too [it-
tle) if the algorithms for slow adaptation -of the throughput (such as those

proposed in the H.264 reference coder) were expecied to adapt to these

variations.



20The aimof the controller which will use the algorithm proposed in this
pat- ent is notably to be nore reactive (in the sense of fast evolution so
as to satisfy or attain the target £hAroughput). Indeed, the conditions of
the state of the channel may be hefty and inpose hefty variations in the
protection throughputs, which would introduce big inbalances in respect of
the com 25 pressed sequence (too rmuch throughput consuned or conversely

too littl i f th f F I t 1put (such
as those“g‘?’rgﬁéf@’e& ™ 3%%’8 gsﬁ ?’ ‘f’% @%gg@gr%&\%en?%lbneor BF 0 adapt to
these Vardu@tdd?m;on#ﬂ«ar%l’sﬁlo\fﬁére sloowy adagt alWeQAS pSSs@ ivh @nl jnitidden t he
transm ssion or throughput conditions vary slowy, and al ways

passes vipliaaa Wil ver iNpRBrORriala ﬁafi?éﬁ‘%/teﬁdﬁﬁi“@&aisﬁtqf ap‘élﬁ'ﬁlf?@?éf%”s"l n the case
of a wirel trans ,,&E@ t he

resi dual %‘§$‘§P ?@%e%'i%lg%r@?‘lngi 1@@ e pro éé%é%‘ﬂ??%%ﬁg. ng
protegti @n@gﬂ@@&a aad tb.éi;sebleauoﬁlramdaummg)ammciimkdops owit girisg, weclh bad

results. Adaptation to a variable s q%i@ definition of the acceptable
margi n  BAARIOBER HBKS BRRHIRG ¥CY eSS of carrying out relatively

regul ar Eal%fag &%g%ﬁé&ésegaeh& QJe?ﬂntldFP@Fﬂwé%cb@ta’b%?ﬁHrghhat mar gi ns
must be des avi ng apply t00 Strict or too
frequent Havirtg msﬁalﬁ@eﬂg%% a;m[:mrlancbe Otﬂec@nfyied bt geladivelr yegulerpractice, a
t ol eranc n of 1Q% wil u s been e Y uccessful ly
in the eﬁH@PQ ‘t"ntt‘éo’ltﬁﬂdﬁé?@ Oovnﬁ’ rJ&ptBI 'PEQH atsr&%g Bﬁgﬁ‘bﬁ %éigf% which are
gi ven, f Ughbg rso% iona&d?@ haemgrtb RippAntaNgtrict bHgdd ﬁé@tﬁienﬂbo%lt Ew@esll to 17.

islt 1s reconmended that, together with this margt an observation al go-
ri t hm beirigsp(aswilt &¢ delaged rhareisaftas. laapracheoug 9@3%@@@% of espect to

t he targ t hr. hput N | C | pupdating the
target t ggﬁé‘ﬂigﬁ’% lé%eda ‘?’E’%Q% Bg%ﬁ péans]{)fasl‘églaglt{&lés @gl%ﬁ%/%)&% a throughput
used for parg€tbablictbl By tﬁ@&ﬁpp!i@aht}@ohwvexalh@émmbichmretwsm:ufurf- or the next
20 GOPs coul d be increased or conversely_ reduced in,the case where the

t hr oughptiter aet indhe degewrtios avd Bustratagoin] %f%%estbb q%fge. In the case where

t he nt .0 I I ay | o) I at a

targ {) thr%@ﬁgﬁﬁ%ﬂ%d ?haﬁg@&%tﬁém 9’(’# o serV| ng %’yhg%tgﬁp%gigh é‘ggused woul d
125 Genor ol have oSt ral i of i T ”"’”a?ﬂi‘%‘?j” boutnot. fo be exceeded. A
per t i nenther @Rgrth &}Wp&‘é@"ffgwgl?e‘ Wil ﬁr‘? %Fﬁpﬂaé{?ﬂj Qles for a

possi bl e%’r&%ﬁ‘f@ utOs rahﬁm\écigﬁ(bf tl rre\éllgﬁrﬁ@ﬁdé%? FYa th@udeglt coul d be to

reconmmen en-vVarious candi dat e are und to be equival ent by the
j oi nt comgedldres cedalretimiempanf istthe Eowe thitariget &reugb;e@th( |ﬂ@%allelx§/ which is

30equal ) the ] ast .on s _to ossi bl ects of
I ckor Gols eRuGaRrearsgpr A BstBgetive i thé 2386 ifer s
throughput actually used previously would te too large. in the case wh

the control algorithm is aimed at a target quality and no longer at a target
throughput, this aigorithm for observing the throughput used would also
make sense, since quality-oriented practical applications 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 fo 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 guantization varies too often.



22 Post-processing operations (for the "partial and trials" and "blind"
nodes) Having chosen the paraneters to be used for the coding operations
(com pression, protection), the cogigng is carried out, but it may turn out
that the 5 constraints are not satisfied. Typically, in spite of the
efforts made, an overshoot of throughput exceeding the acceptable margin
may occur. To limt the inpact of such prediction errors, a post processing
operatlon is proposed, which will correspond to cut_tl g off“the Jast franme.
or framesPestaRIeRpssiagd|QRasatipRpAder dhe TRartiah andt &ya s oa i IRk
proce55| be done in a manner particular to the IeveI of the coder,
typically Peaé?ng for the H 2641AVC coder to the insertion of artificially
enpty fr ai@ang ahbstheherparamdeocicsbbeised fpr e codidgapeeationd fdoarence with

h f f | nd, th he d
the 11 GhiPrRGRBE! PEReRiOnIRe Sl i Catiedoud. But TiasefrR@Rifes & nos °
15f or qat | oot ARt L8 Yn&oBAtRiagd TyER%H? M Ishite hemtie efferts i kdef an

desynchrohi za- tion occurring. Another specific post-processi nq_ operation
is envi sacgedshakcémftthmt@b@ﬂhﬂxceetbngéhelaqcen‘ﬁt&ﬁﬁ enafigirt mayl eccurn fpractice, it

may often he observ d hat t he d,t is reduced,
the par aE'EEEFh%éfPBE? S pr qu&rs%%fsea%f% ?(cheasg r{br §ﬁg%?§b Bn

condi ti oRgepbsed \th@hC@;MOéoN@sfpodaiefd YUBiE bEFSBieOast tthenefar kanessequences
with very | |ttIe useful information which are neverthel ess at high risk of

arri vi ng (bayingheteast impaeip ibe. seThensebr e, it is proposed that a threshold
N 155, 5L, Biios ROl Boh L ARSIRa Rl WirkbuiPto e JLIATBR 0, excep!

opt al | mai ntal n connection, to obt ai n

i nf or mat itga c@b@uttymbﬁiysl'eaﬂﬁgdbr WH(}?{MAB'C ceder.th thd m&r’ﬂmpbbacth will make
it possible to recover band wh ma%/ g equent | be avai |l ahl. e for future
peri ods Higiallyrermetyoframigs @Bﬁh@dﬁﬁcr@r 96 %i\%ﬂg i ifigd c%rﬁ%"%l ¥t he mean

t hr oughp Ve U4 t he 3 nodes
of oper até%Fﬁiﬁlﬁggpﬁaﬁgﬁaté&%e | nedélﬁrr)ite? ipt%ﬁg‘{vﬁhgl %gr ar%Y ‘év. sed.

receive the right number of frames even lf |t. 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 condi.tions 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 littie useful information
which are nevertheless at high risk of arriving corrupted at reception.
Therefore, it is proposed that a threshold PSNRn 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-
guently 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 previousiy, the 3 modes of opera-

tion can now be defined precisely and their diagram devised.



23 Total node nethod As was nentioned herei nabove, the "total" nethod
corresponds to the selecting of the best pair (conpression, protection) as
a function of the feedback informt2&n (channel state, available band,
etc.) available. S5Figure 8 presents the conplete flowhart of this node of
operation. Step 8.1 Lnitialization: Take the default values for the
conpression paraneters and the feedback information about the state of the

transm sgj St 8.2 Paraneters of the sequence: |1()Read for each

avai | abl ?‘ﬁ%a‘?‘?ggtmﬁﬁ“?f? the inconming GOP the information (throughput, QP)
SO as t o aQb)as fdiiBnad Herainabbeadl theutoel” (retheid tdresigmastiofthe sehe next GOP
of the current sequence. Step 8.3 Does protection need to be, introduced at

the appl lediingaf thebebt paiNGaBPBISs|PNs PIOEsHRR a8 BdHNpleMREINEG feed- A5 a
function_of, the avail ahl t | t hroughput, QP) on
the cur v8aFE)" W%W%@E’?gg%%tg{é%%ﬁgial%l%ﬁaﬁg’te#r?gag%%)tié'and video quality
const g ai Pdure 8 presSelsahe dohepleterforsphamtioitispmoalerifeareratich.t ri gger the

codi ng nmethod. 20 YES Step 8.5 Conpression/Protection throughput
appor t i oftems:1 Intiglizaliel degree of protection, select a collection (S) of

pairs (1 tf’raﬁé'%@ Hgfauga\)ah%?ss ?&ggg#ﬁ%régioﬁ%ﬁrﬁ&dtém%f@ RebiBaglenply with

t he t hroughput™ constr al each elenent of (S), predict the length
of the Gifommstidrhebalitshestdatend the transmission

Step 8.2 Parameters of the seguence:
10 Read for each available realization of the incoming 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 apportionmenit:

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 PSNRy, of the GOP, compare

“this value with the best current value PSNR.
Select the best PSNRgop 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:




corresponding to the franme | osses (Dl oss) and deduce therefromthe video
nmeasure, estimted on reception, of the PSNRgop of the GOP, conpare this
value with the best current value PSHR Sel ect the best PSNRgap and
trigger the nethod for coding the data with 30 the correspondi ng codi ng
paranmeters (conpression, protection). Step 8.6 End of the coding of the
GOoP: 24 - Send the packets generated - Store the real current value of
the pair (throughput, QP) in the list of previous pairs (throughput, QP
- I'f thereSery ﬁwypaqi@éﬁigﬁlh@faﬁ%% f eedback information about the state of the

St ansI Sshans ! AfPUANE o HE Bl @olBholIRPEK B8 oPpra- 2 and
approach vigys pairg/gebughblaBh linmted to a certain number of cases. The
performance of io the aI orithm an ther%gore t he rel gvance f t he choi ces
of par anetléiherans anheraq ﬁle'b%‘f*’ %@‘ﬂt%ﬂﬁ!‘é mation §otE BRI PTHB®number of
trlal§ quﬁ's%?Qonvm'Ch we propose to limt to three tests in our

si mul ati ons ractice, the conplexity of the coding is multiplied by

this nunt&ep@t?ﬂunabbopmﬁas foothieimaxt GO conplexity it is recommended t hat
each resylt of t 15 ,.codiing method be stored and that the selected result
be used i Partial %’Hgit'a IsofMPHE 'fi nal coding is one of the previous trials.

Mor eover y Hf"rgé Iojnotﬂf‘al:ﬁ”eﬁrbﬁe(!b%leﬁd}vﬁ@n@&Jlit#ﬁé!)a@rﬁﬁﬁnihyﬁémt wi t hi n
t he constral ixed, 1t is recommended that it be selected and that the

codi ng prueeésaitthm.lgmhmwbedH.OtméeﬁaIﬂawnbeé of sageesThemeriaimABe: ofoi ng nore
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oper
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 of tri-
als. So as to limit the complexity it is recommended that each resuit 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 [nitialization: .
‘Take the default values for the compression paramé’cers 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 8.5 Compressioh parameters:




Step 9.1 Initialization: Take the default values for the conpression
paraneters and the feedback information about the state of the transm ssion
Step 9.2 Sequence Identification: %§0On the basis of the last fril pairs
(throughput, QP), identify the nost 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 |evel ? NO 30 Step 9.5 Conpression

par amet er s: 25 As a function of the av e t hroughput, ect the pair
(t hr oughpsta f@}ioﬁ@fﬁ%aﬁﬂlﬁ%ﬂ *E?UQ\W‘&%S 8’&)??‘&&%5%%&‘ @E}é t hr oughput
and vi deq | it | LEaRQRHdgRaL amet ers and
trigger PH%%&HF\?‘?Q@H ﬁ'g bl%?%ée%qoerg%@gh%g I’L@(Plgl on/ Pr ot ect I on t hr oughput
apporti opyeshstraines. each degree of protection, select a collection (S) of
pairs (throughput, on the curve pos&eg to conply with

t he thro@@l‘ﬁfgﬁh%éﬁgﬁﬁmﬂﬂ@g PRRBFLEES ﬁééﬁ%‘?@hﬁe d #&ict the Iength
of th nd the distortions corresponding to the frame |osses (D oss)

and deduce therefromthe video nmeasure, estl rrat ed on recept ion, of the
PSNRgop @fer bes CoR\pressipaiPeoteltisn Wby T sent:current val ue PSNR

For each degree of protection, select a collection (8) of pairs (throughput,

QP) on the curve (C) making it possible to comply with the throughput

constraints.
10 For each element of (8), predict the length of the GOP and the distortions

corresponding to the frame losses (Dloss) and deduce therefrom the yideo
measure, estimated on reception, of the PSNRy,, 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

15 the corresponding coding parameters (compression, protection).
Step 9.7 Control of the result of the coding method:
Store the real current vaiue of the pair (throughput, QP) and compare it
with the curve (C). if there is no corraspéndence, 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 vaiues (throughpui, QP) satisfies the con-
straints, set the number 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-



Sel ect the best PSNRgap and trigger the nethod for coding the data with

15t he correspondi ng codi ng paraneters (conpression, protection). Step 9.7
Control of the result of the codi ng2@et hod: 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 20(C). Conversely, if the pair of

I h , .St £ ai h mb
oi' el etk Regaive ey oase v AR ollRbB Rl bt S fon T cached,

is it gred eholBaptie @é@t@@aﬁfgrw\@%et@w@c?co%ah@ foltRe apgtivaiiet o step 9.3 YES
Step 9.9 Select the best coding paraneters: rom anong the pairs of real

val ues ( shhemghpatyceaiey oaifte cieees! valre & S dim abieser §it Mesarch for the
v Jnemgrna =L ! . : i o
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correspogghng coding parameters (conpression, pro- 26 tection). In the
converse case, undertake the refinenent, if r}%;ess?%ﬂ Q?f t he choice of the
best codStep BailaReesthe ercing AreresEFARRY APH INCHNSUSHEe (barycenter or
t he clos% value of QP +/- 1) and trigger the nethod for coding the data
with the codi ng paraneters (conpression, protec- 5tion).

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 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 9.13 Control operation for the next GOP
20  Blind mode
it is important o understand that the term “biind” refers (o the fact that ihe
controlier 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-



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 a
maxi mum val ue +margin either by ins@rting 10a QP control wthin the coder,
or by post processing by deleting the frames which lead to the limt of the
t hroughput + margi n bei ng exceeded. YES Step 9.12 End of the coding of the
GOP: - Send the packets generated 15- Store the real current value of the

it (through in the list of pre- vigus paj , i
Pher e i o Y Pk eetits sted b sebk SrmeeRtn mabtes phAVSuaRt b
transm ssjon.,HeD P NP the mansata 88td 0oy Hrernens, BB S6nifl-i nd node it
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chance oheaet ly being close to the optimumfor transm ssion. In practice
therefore, in the "blind" npde the coptroller has.infor | on ,about the
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tical knowledge of the video codec so as to ensure that the parameters are

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 |nitialization:
Take the default vaiues 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 (throug‘hput, QP), identify the most prob-

able throughput curve (C) for the current sequence

Step 10.3 Does protection need fo 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 coliection (S) of pairs (throughput,
QP) on the curve (C) making it possible to comply with the throughput
constraints.

30  For each element of (8), predict the length of the GOP and the distortions

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



30tion about the video coding. It is even possible for it to have sone
know - edge about the choice of the previously coded steps (paraneters em
27 ployed and results obtai ned with2ghese paraneters, in terns of

t hroughput and qualityD, ). Naturally the nultimedia data vary over tine,
thus signify- ing that the paraneter settings may no | onger be
representative of the cur- rent datumto be transmtted, rendering the

second step of the adaptation Hnention ost - processi ng operation with
cuts) herBpaRiiBvestipaied qroiaceR %chég%%é o GRS %éét?ﬂ?p%ﬁd trials"
mode,  t hepi Bl it Rh B BEsbblteri Gl @PSNEE statis- tical know edge of the

vi deo codec so as to ensure that the paraneters are not totally
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m ni mum pr ecaut i ons, nay En fact Iﬁad t o _poor .resul%s .foE the first GOP.
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i sstep 10.2 Sequence Identification: _ .
complies with the throughput and the constraints on margins?

YES

Step 10.7 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.

NO

Step 10.8 End of the coding of the GOP:

- Sénd 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 Contro! 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 fo 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 exiended 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 as long as the mode in question possesses its collections of charts.



On the basis of the last {n} pairs (throughput, QP), identify the nobst
probabl e t hroughput curve (C) for the current sequence Step 10.3 Does

protection need to be introduced at28he application |evel
As a function of the avail abl e throughput, sel ect
QP) on the curve (C) which best corresponds to the
Sel ect the correspondi ng

Conpr essi on paraneters:
the pair (throughput,
t hr oughput and video quality constraints.

? NO 20 Step 10.4
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he video
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trigger the nmethod for coding the data with the correspondi ng codi ng
paranmeters (conpression, protection). Step 10.6 during the coding mnethod,
185 14he B 1 iﬁ@i%t@ﬁ%%ﬁ@%él@rﬁ@do‘?ﬁ)é& Byricae stoties ehabéd and t he

nts on margi ns? YES Step 10. posterl ori control of the COdI ng:

verify
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according to the invention.
The simulations presented hereinbelow have been carried out for on the

one hand the “total” operating mode and on the other hand the “partial and

trials” operating mode. In both cases, it has been possible to observe

gains of several dBs on average, with respect to the case without adapta-

tion (use of the default parameters).
The “total” mode is clearly optimal, in the sense that complete knowledge

of the ccnipression possibilities is available, as well as statistical informa-

'tibn about the state of the channel. Nonetheless, the system remains real-

istic in the sense that it remains causal; knowledge of the reai channel not
being available in advance (only statistical values are known).

This mode may be compared with the case without adaptation, for which
the compression and protection parameters are fixed with reference to a
given operaiing point for the sysiem. Naturally, the optimization is as-
sumed to operate better, except in a few exceptional cases 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
the case of a Foreman {TU-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
possible prediction. The distance between the results of the “partial and

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



Limt the throughput used to a maxi num val ue +margin either by inserting
toa QP control within the coder, or by post processing by deleting the
frames which lead to the Iimt of tBg throughput + margin bei ng 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 |ist
of pre- vious pairs (throughput, Q) - If there is any, read the new

f eedback information about the state of the transm ssion ep.10.9 Control
oper at i ofhe &ﬁeﬁﬂ‘@ﬂ?éﬁto‘cc%e Q@dﬁf‘f’@né%ﬁthé‘i‘ Iacﬂﬁ\r ﬁ@starjl%o @6‘@{35’% Egﬁoof vari ous
codi g MARSNALBLniEH Bf %H%iﬁnggférﬁ&e@@@uﬁhaé@ thé HunSbeSofMRitL | oned
previ ously, ?he various algorith presented may be enployed either with a
“nor nal " coadendednbaids. Figate 118 ilustredgs the geine oldstneduwitlo iisyopsaste of
conpression, wth. Infra, Predjcted and optionall e tional 25 franes,
or with Wgﬂﬁg%ﬁwwaga r?Yq{&ﬁ?ﬁ ng?sf%%méﬁa{ﬁﬁﬁ%éﬁﬁeﬁ[ﬂw%de of the
H. 264, st gpglapdrbRimmamgToar t CfIFt e et eomeshot pealiched oMy ghstmakes it

possi ble to separate the data according to their inportance in respect of
reconst r @@Pen or el se according to the frame nixing node (FS) defined in
the Applicant's patent application EP 1 779 689 or the publication by
THALES [ 3] 30as long as the node in question possesses its collections of
charts. |n order to show the effectiveness of the proposed throughput control

scheme, a few figures are given hereinafter by way of illustration.

10 First of all, the charts which were used are provided in Figure 14 and Fig-
ure 15 for the expression for the PSNR (video quality) as a function of
throughput and for the throughput as a function of the QP.

As mentioned previously, the information on the proportion of intra frames
in the sequences, which may be seen as a specific chart for the Intra, as

15 illustrated in Figure 16 and ih Figﬁre 17, is also kept.

These charts make it possible to predict a precise target PSNR, as illus-

frated 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 ailowance 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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(RCPC codes) and their application," in | EEE Trans. on Conm, vol. 36, n.

4, 15pp. 339-400, April 1988. 32 CLAIM5 MCSLLP 1 - A net hod for

opt| m zing a vide [ [ espondi ng
to conditions of ﬁ}taﬁg‘ﬂésné;é%r?ﬂowé!g?%efgpgﬁ Cg QS& %%ggrﬁér% \%F'{jh errors
or | ossteedandk alfsnatort deodtdhé stdtatoftﬂrmtralhlsmaﬁlmut | s not unlimted
conprising a video coder adapted t he %i@d.eo data t

b
it od” thar@atiny e shailatic SeSiafpand the Peastng ttgﬁ of
et o1 T ARG ABR (frolBhBUE ATPY SBSHOToRATANEA &1 dodfitel hol e ©

consi dered so as ransmt sai d video data at a given througﬁput D or
for a gihvewghpudifonthe@exbr @R of the oirent Jegisncehe f ol | owi ng steps: define

of t he vi dea! DRReRWE bR oPh oAl o BRRLodRaR! EHF apoRelRb brdCar o P

r ef er eng eusdtivit oF, th@oamarlasﬁa ﬂnrzto ;ﬁnfeé@ié@tlﬁ the pla&qtﬂhro@%; QE@taﬁP)t be
guanti zation interval QP, ectin art in t hroughput) or

(QP, PIRR) cy¥pr Edevvhighi BﬂSK/\,ﬁP?ifﬁSﬁQj’PdSt ﬂ%%ﬂ@&%ﬂ“&rﬁj@ gdechaedlifhput DI or
of qualé&ﬁétrgdwts' s the closest in distance to said part of the sequence to

be conpressed, While conplying with a given nargin, - update with an

iterat |s&eqsirr@ct@es:drr@sppnemgqjdramm;epas@traoﬁgarmgcmevcm@eg nnatfhdn:e dsest choice

of pararretriiatlon said iteratign process cgn‘gose f at Ieast one
| esf:\@gllca

conpr essi on EPENEEURT SREESHY 2f YEFFyced: 3R Pgnisvek dot faCY| deo dat a
to be tg émaft&@té@nbh sajcdtiRgrAEBISH DN &) of Bswmmed?l ntclcﬂw@ﬁ inclaim

1, characterized in that it conprises a step of prote agai nst
tr ansmti;smuuweeffﬁ)dmkmghtepms;bi@do|0@ml:;i3awathéh@rtbr0b@hngt d@n@rammed with the

channerdr 38R HETEERE bttt A% RFERBY S Golf 4R B BB Shat 11

conpri segredpdhé SOtfo Pestraeoeessd (Miods) and deriutintpthceafpmensivideo 4 - The
nmethod as clained in claiml1l, characterized in that the data to be

t r ansniMeastreapstimried o reesntons oh theBSHRygr 8LHNG QS ¢arab@éaHYS i n that in

Uhe L olah Ioge, WLRE! NE-EANVLAd iR saiekiiRY IS pRRmLIr gughput for

vari ous COdI ng con gura ions, rerati ve Fvporti ons of
t he triggering the method for codmg the data with the corresponding coding

parameters (compression, protection);

sending the packets generated,
storing the real current value of the pair (throughput, QP) in the list of previous
pairs (throughput, QP), and
reading any new feedback information about the state of the transmission;
and

controlling operation for the next GOP.
5 ~ The method as claimed in claim 1, characterized in that the data to be

transmitted are video data traveling within a transmission channel and in that

it comprises at least the following steps:
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33 various parts of the streamfor the data sequence so as to transmt the
I nformati on, the nmethod conpri sing: 3 I nitializivigsidef aul t
val ues for the conpression paranmeters and feedback information about the

state of the transn%issi.on for each avail abl e

; di
Cealization of thiMAIZBN HEfRsivales: ff dheaiaBarees I BERIT e so as to

obtai n @b AREBEEK fERALLGHANSU (R stftelditRuighpYiiddsnt he next GOP of the
current sequence; rotecti on does not need to be introduced at

i f
the application | epdhe b@§i3a0f18ibﬁd@$fdﬁ} pairs arenghnuWbPE)t ideoliymeuthe sel ecti ng

t he pai bucfstt@ﬁ%mmmugﬁ)%ut%%ﬁgf%%ﬁ%é@!’eﬁ%%ﬂ&%t corresponds to the

t hr ough Vi deo g ity co rain S ng t he correspondi ng
paraneters, and triggeiriongmehténgodi paravaeteod Niorfor countind Piatd; et i on needs
to be introduced at the apglic tion level, for each d@ﬁgee of protection,

sel ect i REPIECEQ 190€6; BA N8pdote P& FErqduRee L MR | aRebFalien teelc @sve (o)

maki ng | | ; ' - . i onf each

ol eront "SPTOLE A QU PIRAE R BLhpE, SR LS PP ERIIRE QR Ph one

cor r espoutendC} ovhice beahedriespesdg Doodsd thndugfarlicand videretiueliyt he vi deo
measur e es,[ti.rrtat ed on reception, of the PSNRgap of the GOP, conparing this
val ue V\P?'ﬁs t4H8"best current val ue PSNR, sel ecti ng the best PSNRgop, and

trigger é&ﬁcﬁﬁ@tﬁ@&&@@bﬁﬂdi@ﬁé@@nétbﬁs,@@H&rig@éﬁh%hﬂe §68ding saRgingr codi ng
paraneters (conpression, protection); sending the packets generated,
storing the ieaxptestippargedgaioue drtrediecashpt the impeliegisut level)for gache |i st of

Bbout + RESEELLPIE R MileotiBla AECARRRDR RN RILGRIAT R PA (he nex:

about t
GOP.  5the dilree f€) hexkiragpit pbasibkdto cormplgivwithlthecthaswgtper icoastraintd hat t he data

to be transmtted are vjdeo data travelipng within _a transm ssion channel
bnd i loRdBchcIeBI c6 S, drenchas thadsah ihsiha>BFoped e Bisiaeeney

) LAY S e I OB P e
measure, estimated on reception, of the PSNRy,, of the GOP, comparing this
value with the best current value PSNR,
selecting the best PSNRyo,, and triggering the method for coding the data with
the corresponding coding parameters (compression, protection);
storing the real current value of the pair (throughput, QP) and comparing it
with the curve (C), if there is no correspondence, determining the new best
curve (Cgop) for the current GOP and updating as a function of the value (C),
or if the pair of current values (throughput, QP) satisfies the constraints,
setting the number of trials to MAX,

determining if the maximum number of trials has been reached and if

not, returning to said incrementing step;
if so, searching for the best combination from among the pairs of
real values (throughput, QP) and their corresponding protection which
complies with the constraints and triggering the method for coding the data
with the corresponding coding parameters (compression, protection) if said
combination exists, otherwise, undertaking 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 triggering the method for

coding the data with the coding parameters (compression, protection);
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on the basis of the last {n} pairs (throughput, OF), |dent|fy| ng the nost
probabl e t hroughput curve (C) for t 8 current sequence; MOSLLP
increnenting a paranmeter No for counting trials; if protection does not

d to be i d t th | t I f f .th
e e bbbl SR b L b L et e (o

whi ch bggks ok riﬁ‘ﬁlﬂﬁ@@ﬁettl@roh@ﬁp&@uéé&ﬁfb%ﬂmé)ﬂﬂmﬂw%ﬂ.ieq‘!—'ﬁqa'r ¥ &g iyail nts,
sel ecting the corresSpond L}@g paranmeters, and triggering the codi ng met hod
or insertingpadRBarandiol métbifstheocesteri at by dusd gprogessing hpplelaling e | evel |

(tnr ouohOEs e IRl RLAENIRof B GEAdD R Raldfibiedh exesboelBhi T (ne

t hroughput canisdéed rsb&dlnfg(lhemhe@ gareinhteef §tS)ing e b Altdungnt helukengt h of
the GOP and the distortions corresFondl ng to the franme | osses (D oss) and

deduci n§f egralf ftoraugne Ui @Rbintea digt of PreyiousHRait @rorgbeRt i, aBf t he
PSNRgop I | ue PSNR,
sel ecti B%qlﬁ%ﬁe%g%%g%&w%fgn?é?%rggﬁ%%\ﬁt%%e matﬁeg{ef g'jréh%o |Sr!%riit he data
W th thandorrespondi ng coding paranmeters (conpression, protection); storing
the real current valu t he pai.r ro t, OF) and conmparing it with
the curve (O), i fc?'ﬁté&gng OPRFORPE oﬁ’ﬁfégg@g det ermi ni ng the new best
curve (Cgop) for the current GOP and updati ng as a function of the val ue
(C©, or if the pair of current values (through OF) satisfies the

const r abnt é”hesr@ethqebaswéa:mﬁﬁm clgimtd.i @h@"at:tserwmt in that the aerdiefiafing if the

maxi mu tLl een reached and if not, returning to said
|ncrengir§{é| ng Shto%fen alt n%&e%%l%@ if so, searching for the best conbination

from am)ng the pairs of real values (throughput, OF) and their

corres ection which complie th th straints and triggerin
Che. ot o Tar et gs GRS @ GAI T HIARFPESRoiaN. LRIAR Bapanct ors
(conpr eﬁghé}ﬂ{tﬁ?arl%kg%é%n)m idf aS&x'oqn SR8t Wﬁ‘é%?é‘a 4iigktRat @%Bﬁ{%%é at

undert aki ng e refinenent, if essary, e choice o e best coding
par anet least thedolickiving steps: he appl i cabl e schene (barycenter or the cl osest
val ue of OP +

and tri in met hod for coding the data with the
codi ng par ar‘r‘@fjt@rj% NBc ﬁf?r“é"sg’gg‘r‘? ﬁ% p&tqogmressggwggﬁ ters a”daéﬁ‘:écki ng if
the codieBabREOFESENAVIPADASR the kints RE tHORSRERIYISH, and-if it does not,
limting the throughput used to a maxi mum val ue 4-margin either by

i nserting a @Pliwhesisiohihenast (nheadsdthroughpily (Hos idgntifies shevgrasy del eti ng
the fr i hr hput + mar gi n bei ng
exceedgg%%am tﬁPOdg%%quttcep}ed@é fbmhten%%%m% e“p‘?ﬁg ‘et s generated, storing the

real currentif padteetucm dbh@ npaheed tdibelgihrpdticedB) thanappliicdtioatic@d], gsevi ous
pairs (throughpu .. and readi n(% any new feedback information about the

state o tfm?éfopr%mbﬁ]%\sqﬂahle HReUGHHIL, 8RIPFiRg 6%%@&&%0%@%@ PeX? GoP. 6 -
The rret[hgd

LIt v
trials 1s c ose% ;%%Dh!staegﬂqggﬁé?%ogéa?%?th% (t:iga@ c n’g%gmﬁrcl aim1l,

char actaamiszrathign t hat the data to be transmtted take the formof a
[ [ that it co es at ast he f? )W Ng St eps:

Ot el RR s apandiy Hseetr S B idastiog B | @he feetback
i nformati on ;pbeybclidle nekak doHe ?rﬁﬁbdllcéﬂsé‘ﬂ &% 9pplication level, for each

degree of protection, selecting a collection (S) of pairs (throughput, QP) on

the curve (C) making it possible to comply with the throughput constraints,

for each element of (S), predicting the length of the GOP and the distortions

corresponding to the frame losses (Dioss), and deducing therefrom the video

measure, estimated on reception, of the PSNRy,, of the GOP, comparing this

value with the best current value PSNR,

selecting the best PSNRy., and triggering the method for coding the data with

the corresponding coding parameters (compression, protection);
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on the basis of the last {n} pairs %t hroughput, OF), identifying the nost
probabl e t hroughput curve (C) for tH® current sequence; MLSiip

protection does not need to be introduced at the application level, as a
function of the avajlable throu ,.selecti nﬁ?the pajr (throughput, OF)

hput
on the cur velf( e m,ﬁi_f%ﬁmbégpdk&@ﬁc?e %HE&S t §ithhdhe htyeyapoyt a@ﬂﬁj vh feo quality
ConStrab@ﬁ%ra&ﬁt‘%‘&PHa’P@inEhﬁJfrﬁgrtﬁé%Bemg‘ MBtHY aiftifg $he %Qg%ﬁfbtg%@dng the
od; “or | ce

codi ng net rotection needs to be intro at the
appl i catd smaddweln; valoe ‘@aatyinedhecbwinsprisieat@Bcongrel withintheaodel | ecti on

(S) of pairs (through OB on t ury ki,ng jt. possible to conply
Wi th t h8" iR rwﬁPg%’%ﬁétqyaP%%eﬁf‘gftag fﬁ%ﬂ?ﬁge“g’@?\@%%t%(@)e, H’Bﬁe‘%ﬁb ing the

| engt h gfrotifiep EPRINgIntdEnglbgéiddaons corresponding to the frame | osses

(Dl opp), and deducing therefromthe video neasure, estimted on reception,

of the PSNRgefheswiseneedipg ioppaketigeniiaiedal ue with the best current val ue
PSNR, s oﬁﬁh'tﬁ@ réﬂ%&%%g.vgﬁg H%ga@lﬂ (EHerQ@;BhP%FB)hﬁ HEYBPGr §RVioggdi ng the

data w € correspondi ng codi par aneter s’ (conpression, protection);
36 pairs {thtdighgiut,€@f), @maiduced conplies with the throughput and the

constraints on nargi uring .the codi thod, limting the throughput
o6d 1 o' g Pt BeCUReE SiATERiaTe PRy The cratengl BB AEBMEA w thr n t he
coder, ghrqby post processing by deleting the frames which lead to the limt
of the throughput + margin bei ng exceeded; otherw se, sending the packets
gener at ed, stantraiing hperagiah feutheerxt ¢Dde of the pair (throughput, OF) in
the list of previous pairs (throughput, QP), and readi ng any new feedback

i nformation about the state of the transmi ssion; and controlling operation

for thegnexheGBthdd as UMsinfeet Modn@of Wigihides amd gnehatadtbaddts irbtiand 7,
characterized in that having chosen the paraneters to be used for the

codi ng bdérat roesen clhrpmasameters ptot ket verf | farhdhe opdiggi spetationed out, a

post - pr i p i S ecut: i | oLr ¢ cytting of f
Phe. 1 nolCoRTE RSP rBlocBny IR CEHHES) M chdl Buf oh" BREFRRSEESEY) ' 6. e
met hod @gseratian nedxecutddaivinidh wilhaoaespond éol cuttindnatff theelgzdstanps @cessi ng
step is,_execyted at, the |l evel of the coder, typically |leading for the

H. 264/ ARMES {BRVING the leash ¥BPRFIAD BE SGAUPPPeI-al Iy enpty frames. 10 - The

met hod as clainmed in one of clains 4 to 7, characterized in that the
error-correcting code used is a rate-conpatible punctured convol uti onal
code. 19 - Phaeymethod as ofimneidzimglaimviSdechanaatesimedsironthan the coosdt r ai ned

envi ronnment conprising a video coder, adapted for coding the video data to
bo. t 1 anRPEEUR0 Stoe uer e 25 1 een Pl MBicors o Eea feck B R anne!
char actjgrisags/Creddeato te BRERIInSErficihBasipdpaagfder provided with a
processor suitable for executing the steps of the process according to one

of Clains 1 to 9.
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 convolutional code.

11 — 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 a communication channel,
characterized in that it comprises at least one coder provided with a processor
suitable for executing the steps of the process according to one of Claims 1 to
9.
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