111121212121211111112121222212111111121221212111 *159159* SYSTEM AND METHOD FOR .
DETERM NI NG ENCODI NG PARAMETERS The i nvention rel ates not abl mt o a tool

for
" supervising and deternining the 5 codipg paranmeters for ”mmm lﬂ. m“u
avai |l abl e t hroughput between an operation of source codi er ation

of protection by addition of error-correcting coding,. call edsfigr the sake
of sinplification joint controller, neking it possible to allocate
effectively and in a realistic manner the available throughput during the

transm ssion of SYSTEMANRMERHOR:FORDEIRRMINING ENC@DINGI on (source

codi ng of the video datum and oPéﬁ}ﬁM%Shand the addition of protection
(channel coding or insertion of for video data that nay take

the formof imges or franmes or else of a grouping of imges, better known
by the abbreviation GOP (G oup O Pictures). The architecture proposed
accordi ng tide K¥entiorerelatss nataklyrdetatsio) forrsupesvisigrand detsminingthe odi ng,

wher e i nfor I i on _channel

(whet he;g [ r?égfr{\ﬂoﬁ %g%%r oughélg)t?:aﬂHﬁ alé/%y%ﬁg thfb%éhgﬁ??sélwé%q &n %Q%ra)- al | ows
t he i nst al Itiani @fnscnirce codingf @gy droopenationi ofi pretddtion byl aaditieh Wh drfgasm t t ed
SO as to cope wi.th tge est;lﬁ ed transmi _ssion channel, in order to obtain

at recei vercOregtng £ogig: & rithe sgke\af girpplifigaiien jeink spntsliasy Met-he user .
The i nvent iiqditfddidmblé tS afigiRite el rb%(:ahh% l@ah&f@n*\@?ﬁ%kﬂ\?é F?aﬂ’étﬂ 0 data

server, acting as an intelligent asting punp control the
conpr essi otheughpubdetng ¢ime transimission lobda@det\meempncthe driechamauthgual ity
receive doing sa as,_a functi.on qf the inf about the fransm ssion
2500nd|1§;| or?é"ﬂ‘@%?'%éswwet '8%508 Bt Yideo i Be%'%%ﬁ'ﬁl otheyBand; ned
envi ronnentthe Cd?fdﬁtﬁ)?ﬁ@ﬂgﬁntécﬁloqp(&ﬂﬂahheﬂ§o<9f'1%tdﬁﬂ§€r‘tr%ﬁ' &f”re%ﬁ.m&éﬁ it a

t hrough a channel with errors or losses and also to th act t at the

t hr oughput Vvidendatathat maydtake dhe $oramof images br frames @rnelee of @ngrioup-nt  on

 syst em r TS PLMades, B ERANRE 69 sné BBbEs sl qrerEh Dol ORPldieRd; bot ment
of the systmh® bechitetfurs @dpoéédé&édrbirigﬂdlﬁélﬂﬂeﬁn%lﬁéslﬂaéﬂabkﬂ-lrﬂﬁé *(00002*
) 15 realm of joint coding, where information regarding the quality of the trans-
mission channel (whether involving a throughput, an error rate, a loss rate,
etc.) allows the installation of a strategy for optimizing the video datum
transmitted so as to cope with the estimated transmission channel, in or-
der to obtain at receiver level a better quality of video image perceived by
20 the user.
The invention finds its application notably at the level of a video data serv-
er, acting as an intelligent broadcasting pump which will control the com-
pression and protection levels introduced to improve the mean quality re-
- ceived, doing so as a function of the information about the transmission
25  conditions received.
In the 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 the throughput is not uniimited (existence
of a limitation or constraint on maximum throughput). The notion of work-
30 ing point or operating point of a system refers to the transmission condi-
tions for which the adjustment of the system is performed.

_ _ *G00002*



2 The nethods generally inplenented in the prior art for offering optim zed
joint coding so as to effectively carry out avail abl e throughput allocation
" between on the one hand the conpressi on and on the other hand the addition
of protection rely mainly on: 5 The separation theorem (established by
Shannon) whi ch says that independent optim zation of each of the elenents
of the transm ssion chain is sufficient; The installation of optional
solutions of tandem coding, that is to say, the concatenation of source
coder and cienmethadsdgeneraly iroplementedrin e eripr artefor alfferisp eaptiopizedt i ng

poi nts. Thi.s. proach.presents the dra k., of being stafic in the
sense t hat J$'p§§§§@'%n§$% ee?f‘?db((?gvsf:%ﬁ% QU aé@ﬁ%sl%t B‘“&‘éﬁ’i%ﬂi%ﬁ@af'ﬂ“t he
transmi ssi qetwession esond Ramd IS 8bmprdsicie ha®h Medotfer haRd tRE G.di ng to
the prior art do not nake 15 it possible to rapidly adapt to variations in

t he transniditiaroef Rreteationdaly mMAiINBhoar e of ten frequent in the course of a

W reless transm-ssi dapt ation js erally done. . for a gjven

oper at i Eg poi nt ﬁeyg?%%{;%” 3‘6?‘58%%%?3?%‘&“%@@ %@Pﬁp??gwpé&?‘aﬁ%{r@?man

t hroughput for andépgenhdeht loptiffizatioh 6EeAEH A 1168 MrheHRASY BRBadmidle stream
transmtted. Mreover, the ap- 20 proach of separation into protocol |ayers

i ntroduced by t ROTOEaiRdY ViGNt known to the person skilled in the art

| eads to the fa i ; i t ppter-layer co ni cation,

t her eby requi £i \r?g{ée%@[aé'%r@@é@‘%{'os\%@% 8* g@‘#eé'atc?/%ﬂq% qq‘ggﬂﬁ (i?osses or
errors) which i sagetiey ebhoaterstior! besburce doder Radcamnel coubt ifsegdha

transm ssions and which in contradistinction to 25 non-multinedi a data

t ransm'lgﬁ i onshczﬂ‘i fae&%gﬂfe@%}ﬂ@hewrﬁﬂ@gtncarh@me cﬁﬁ*C@BﬂngﬂnFQQSEhﬁr e )
s Umnecoesar |1 PTErTe 18 RaBackBPBEFE SBHEH ind cehSE s pBEL et oo"P

whereas it coul dnake litepossibleptar adhptoto tariatioed inotheetrdnamissidi gbadi-usef ul

t hr oughput . Con\{ersel y, when the transm ssion condi- 30 tions are worse
than the operati?§poi nt adopted, too large a part of the throughput is

enpl oyed byn iJaferdIPtheliReiRds Yl dBvick 46Bordin t6 ke bRBFLA%Y0 fottRakgeVi tabl e
h t he 8at a may 8

| osses in reception, that is to say a part o not be protected
si nce tlie tithpessgjhleuto aapidtyaadept t@rvapiatiorstin dhet transmissiont cobditionsuf fi ci ent
in practice.,.The id of. the jnvention relies on.a new approac king it

possi bl e t&vrgc%ﬁr?n?eif@ {rﬁguﬁgt"b % I?Q“F%es%rac&reﬂ?%ﬁanﬁﬁ"%ri-ihEHgar) used
and maki ng ddapRetiofl &8l Gendrilly GBREITHF ANGivbA lopiehAtifABSINt Uy bRBIG coffes? 1 xed

operating point, either to provide an increase in the quality perceived by
the end us®°ndilg 1 @i permitledavailabie mear throughput fos aisatef lpssepart of the

avai l abl e r, L idi i | Gal i val i,ty. That is to
say t hat t ﬁ§$igglégggoﬁ%hé§?%og'ét% E‘g% Sg'%t%mﬁ%p‘ﬁ@%ﬁgwﬁg%@%a 8 the same
per cei ved quoadh yf separbtiowbitaiprbtogoblelers intaalicéd bhthe DSiambhel wand
allocated initi %I |t¥1’ with respect to the case uncontroll ed according to the
i nventi on. known to the person skilled in the art leads to the favoring of an approach
without inter-layer communication, thereby requiring each lower layer to
operate perfectly (without losses or errors) which is generally not effective
in the case of multimedia transmissions and which in contradistinction to
25 non-multimedia data transmissions can accept errors. When the transmis-
sion conditions are better than the operating point adopted, a part of the
available throughput is unnecessarily allocated to the protection of the
stream transmitted, whereas it could either be spared, or be used to send
at a higher useful throughput. Conversely, when the transmission condi-
30 tions are worse than the operating point adopted, too large a part of the

throughput is employed by the unprotected useful datum, thereby leading



The - obj ect of the invention is to propose a nethod and a device which no 15
| onger work solely on the actual videos to be conpressed. The net hod _
“inplenents reference files or charts ed as behavi or nodel s of the coder
and an iteration |oop which makes it possible to adapt the prediction to

t he vi deo sequence undergoi ng processing. The proposed approach is valid
for any coder and for any standard currently existing in the field of
coding, 20 by perform ng a change of charts. The invention also offers

addi ti onal touneviiablealdassesdn rateption, fteatde o csayaz partdofrilpet dathmaay motnt i on can
not only perform throughpyt prediction subseguent to conpression, but also
det ernine t eg%?(ftﬁgls'&ﬁoﬁ@ @?WHP’E‘QC{@%ﬂgw&{eﬁpn&gﬁlseauttf@ be

conpr essed §aifficieANiA prieficeal | ocated to the insertion of a corrector coding
in 25 the case where the operating point of the systeminvolves the
presence ofThevisieasofothednyention: rliesdomy newrappreatromaking it possidis dquent

d i pti : ' " [ deos".. rel | | . the.

et or endes Ghimize FREUSEX W rbFodbEifhdie i BauicufhT iite i tmakiniCl

provi ded, fpwssibigy) eomparisdre withUhE csecsuitamie fofLhivae Bpéritinghsointiol e of 30
t he video processing community so as to carry out tests. For exanple, the

' Foreman' SHEEMR @ro\ide pa InsEqaseniBviveaiplity perrpived, by dhe rendnusen fochni cal
field. The ' f | ' I t : r

opti m 2i ng “SEas.8f el sBR R 1o DB oot 8 AR eB R i ng a
vi deo codemwtiltaprositifigidemtitiah perdeived dealiyatfnat s be sayahafrithdéredis a
characterized ip that it conprises at | east one step of determ ning one or
nore coftpr &4 BHtab’é‘?‘é\ﬁglf'%rr Eﬂiﬁ'r”gt fes i’?ﬂaﬁoEBEe?a'BSrﬂqrﬁ%'V%@ aglitys of o

transmt sa | BN LRE YA ' ; re] uality Q
by executi ?ﬁ?ﬁbﬁgg;stg@%%tﬁjem%?* g\?mmlggthé teps Pé{bcge%ﬁhgfagg’dﬁwggé{%%r ence
charts for tedhelcaseioncetraliedaacegrding te ¢ invehtiont he part of the video

sequence under goi ng conpression, and by nmeans of said reference charts,
conpression paraneters to be used, at |east the quantization interval P,

by sel ecti Mtherolsjbar &f the ihhentidPis 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 possibie to adapt the prediction to the
video sequence undergoing processing. The proposed approach is valid
for any coder and for any standard currently existing in the field of coding,
20 by performing a change of charts. The invention also offers additional
functionalities. Thus, the device according to the invention can not only
perform throughput prediction subsequent to compression, but also de-
termine the optimal ratio between the throughput allocated to the com-
pressed datum and that allocated to the insertion of a corrector coding in
25 the case where the operating point of the system involves the presence of
losses or errors caused by transmission. _
In the subsequent description, the expression “reference videos” relates to
all the references which are used to create the charts and which are files
provided, for example, by the ITU-T as common reference for the whole of

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



15 throughput) or (QP, PSNR) representation which for the targeted range of
throughput D or of quality Q, is the closest in distance to said part of

" the sequence to be conpressed, while cpnplying with a given margin, -
update with an iterative nmethod the prediction step so as to converge on

t he best choice of paranetrization, said iteration nethod bei ng conposed 20
of at |east one conpression step followed by a verification step, -
conpress the video data to be transmtted with said parameters. According
to one enbddonesman’ seneene Feothechest knses andsthepmobt psed ecthisitpchgigalst
transnissiq rrors, the protection paraneters being determ ned by taking
account of @Hﬁ data transm ssion channel and of the conpres- 25 sion
paranmeters. The invention also relates to a systemfor optimzing a video
transmssion in a constrained environment conprising a video coder adapted
for codi ng Ttheesybjgelootitieaprasept inveationiretates ta Bemethad fosiopgimiziagsai tted vi a

. _ ) _ L=t € | g e
corpri 55 a0de BenlssErincs EORIRR SRuEARMRE copRBE S YReE adtsl o 1 or
executing tduapsdcefis cidindthewitibo daag ¢® bei trehsniittb8S chavAREHi£sY in tha®t her

characteristics and advantages of the present invention will becone better
apparent f Hbﬁ??‘@&ﬁ?%@ttlﬁ%ﬁo‘g@% SteR i°6r‘i’eiﬁmaﬂ'ngx%ﬁ’ﬁ)I%rmo@rﬁ@mmmgi{)vs\ﬂ. bK
way of whol kML i | ; £ autr. iC
Fepr osent: PAERISITOF R ided Bbik ORAGIATRE sk b, RenbiR s fidBe o
accordi ng tdata hkaigivemthironghpuEiRjordoRa diven gualitg Qilby eXecatifg asledstpe of
chart repr(-i: e?t' ng the video quality as a function of the quantization

i nt ervaPs, ﬁ% cﬁ_{o p%s&pst he principle of a second type of chart show ng

di agram maldefibland (1% iERAGERHBrEIGY S8 eBa8Pcondidérell on of the

quanti zation intervals, _ _
- 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 to be compressed, while complying with a given margin,
- update with an iterative method the prediction step so as to converge on
the best choice of parametrization, said iteration method being composed
20 of at least one compression step followed by a verification step,
- compress the video data to be transmitted with said parameters.
According to one embodiment, the method comprises a step of protecting
against transmission errors, the protection parameters being determined
by taking account of the data transmission channel and of the compres-
25  sion 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 compris-
30 es at least one coder' provided with a processor suitable for executing the
steps of the method according to the invention.



Figure 4, a way of selecting a quantization interval for a reference chart,
15 Figures 5A, 5B, 5C and 5D, a refinenent of the choice of quantiza- tion
"interval to be used when several quantization paraneters nay be used,
Figure 6, two exanples of refinenment of the choice of the quantization
interval to be used when several quantization paraneters are 20candi dat es,
Figure 7, the illustration of the inpact of the loss of franmes in a GOP;

di stortions corresponding to frane | osses or PSNR on partial GOP,

Figure 8, a flowchart showi ng the steps executed in the "total" 25nbpde,

i , L owch howi d f. " i al and
e ol o moqehe? FigficleRBiand dd i ddolbeareagnt Rleutt eiierdived for « he
"blind" nodstter @pphidahtfon Feadifg aadekerigtort Bak WRERDIAH) HhbddidppNR Wi th

time for the "total" node and in the non-adaptive case for a target
t hr oughput given By viaypef whally nealimiingeillestsatian accampanied dyi thediguree wi r el ess

channel (' Wi 're gA'{J-T vi deo sequence, CIF 15 Hz, first 17 5G0Ps),
Fi gure f2, an exdnplée of the evolution of the PSNR with tine for the

"partial and érirgse W@idgﬂam%lpf‘éﬁbrﬁéiﬁ}%téﬁ/@n eﬁéﬁupwfrg@y@teﬁ%eéémthf oughput
of 180 kbps and a variable signal-to-noise ratio on the wreless channel
(' Foreman' | TU NG {Qithe ¥atidbe, QO F 15 Hz, 10first 17 GOPs), Figure 13,

bt ai ned for o daditec, Bedirldie it Rk ReRtor et eerParling e VidbGure 14, a
col l ection of chaslity ¢ atfthdtibn dfeht juangREEN Rger@alkunc- 15tion of the QP
obtai ned for video sequences in the 15-Hz QCIF

10 e Figure 3, the principle of a second type of chart showing diagram-
matically the throughput expressed as a function of the quantization
intervals,

e Figure 4, a way of selecting a quantization interval for a reference
chart,

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

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

20 candidates,

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

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

25 mode,

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

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



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

t he, throughput of the GOP as a function of the total throughput obtained

" for video sequences in the 15-Hz QCIF format, 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 t#e Figuneethnan lekample eff dhereveldioqueithe PENRevithStinde Q€I F

f t). To better .glucid t he idea i enent ed the invention, the
egggglé Wniochef Jﬁﬁgo@g]ﬁ@a £ ﬁﬁrﬁyﬁ? Pml"f t'i"?l%ﬁﬁéf ?Bﬁrgl dhroyg cal I's upon
reference 30 vi grADF 160 KdpsaRd BhAFRDES 8RINERtdhERES af g‘{ntlfnﬁgﬁﬂﬂg’?écr‘ are

files provided b){1 the | TU-T as common test reference e of the
video 7 procesgihagnebffrarargn’, FbW-Tevidas sequeénce, FREEHS Hzedistnt® which is
used in_the exa QE’ |s the best known. The charts can also, w thout
departi ﬁg from{EE & ope of the invention, be constructed on the basis of a

col | ection of e SEIGGRCES, AFRHAHPI VFithE Noldtlom sy PENRRIAHC@HhESRPONI ng to

Sthe scenario of the systeminstalled. These reference charts are
det erni ned i n adbaneart@hasddralst gpodg iin theyepnzadaptiyerdase, fon a targster abl v,

on the video co k| b k.t ste so.that the
prediction is 01(1 ﬁ{%@ﬁ%hgf i1%3 9%#%@%3@%@%&@@"&%’\ ?;s[eor r{'lﬁ’eo']?)riégent
description are wirdlbéss chhenele(feredtan' ITU-T video sequence, QCIF 15 Hz,

10 first 17 GOPs),

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,

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

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

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

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

o Figure 17, an exemplary estimation of PSNR, a comparison of the
experimentél 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 refererrce
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



10 that one seeks to transmt which may be an arbitrary sequence, or the
ref erence sequences which wll have served, beforehand and once and for
“all, to establish charts. It is the u of these various charts constructed
on the basis of reference video files or extracted fromtypical sequences
of the application consi- 15 dered which, by virtue of the prediction |oop
I ntroduced into the nmethod according to the invention, makes it possible
notably to precisely predict the paraneters to be used to obtain a target

vi deo qual iprgcessinga commenityt. fraugkample, athe Forelman’ seqeencehavhictorigi ng on a

non- perfect annel, and therefore faced with |osses or errors ai nst

whi ch wi | }‘5‘%%8358 PRITRIS 7 o BeRb kRgHn, O EEPER G Bisg #PO0HAEs be
appl i ed. W;iahmq freAPEd 56&he bPRd fRehtoRebecohbfutBYeH b greahod may
be used at the level of a video data server, acting as an intelligent

br oadcast i §§llechign efisasuences represeolative of the/bipe ofitata serraspendiig tg. choi ce
of pack§t i %%58@35&'8%3{%}%9%@9?%@%) of conpression and protection

i nt roducCed, as’to rov an quality received, doing so as a

function offHese refdreno@icharts aipe Wetdrhtinéd amadvasdeBne A foP A, TRER ved.
Figure 1 shows diagrammatjcally an exenplary transm ssion device, in which
t he met hod 2R&3HTIRY pubPreferzRiyi ory the videe cades thatomill asjually bergsed ifrent ed.

Such a devi | ' I Vi the data 30 th
{Toam of At S Hpm. SRRGl 8 eBRABH% BPOGKA quafiflie conpression op-

st ream of or carryin 01}
eration, ofthecslatrientaieptetiogistorth2 pragentgiescriptizrs ale either thelegaentean error -

8 correcting codin a a processor 3 suitable for executing the steps
accor di'fig ftt at gpe ?%@g‘n{gﬁd%%néj'ﬁﬁf’ﬁ‘éﬁ} maé'st:?%ﬁn(ﬁ{é'_ﬁﬁ@( SEAYEISh Ofidle B%f'a_
Physi cal | idishide 8qdenddsChiich WIRRSVE S8HRA, B34k diRCehdeland fofv! N

notably a function of decoding the data or th eo sequence havi ng
travel ed 5 alhtooegfablistechartsism ssi on channel and generating a stream F2. The

sequences. 166 VB Yt (RBRR S Bhs rarsLbrB g 55 1o BoF RSBt SS and t he
vi deo qual ivided fildzeoperiraeddt o Bical $eduensss of ke Mppllcatiaebaki-er' will
be used in the description to designate the processor inplenenting the
steps df t Kered WRich hey virtue of the prediction loop introduced into the method
according 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 on a non-perfect channel,
and therefore faced with losses or errors against which will be added the
20  prediction of the level of protection to be applied.
Without departing from the scope of the invention the method may be
used at the level of a video data server, acting as an intelligent broadcast-
ing pump which will control the levels and the modes (e.g. 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
30 orthe stream of data F4, and suitable for carrying out the compression op-

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



At |l east two hardware configurations are conceivable: a conputer carrying
out. the coding operation via software, this software then being in fact
~controlled by a controller/supervisor ghoosing the paranmeters or a video
conpression card, which nust also integrate a processor hosting the
software 15part of the controller/supervisor. The steps of sending, _
receiving and transmtting video data, being known to the person skilled in
the art, will not be described in this document. Only the steps

const i t ut i KgMERENG cogingalandya proceasonmst sidtabie foroéxeaudingdbe step®adi-ng to t he

[ ti k: ' i bl | | n_avail abl e t hroughput be- 20
tween on RBTAE thang rtef, e dhh ParRer 4iider et Rers Phis

transni tt edadtiokupnot bewipélass transiddicn abtilmoa rebeNeP baSdVIRE nbfabljiese dat a
so as to conbat transm ssion errors will be detailed. The constralnts on

t he opti m Zafunstioredthdeceding ¢he «dataron thenkidep seguangs- haviog draveledoped- f or

vi deo al i ' ' 1Ly | ed 25 by _an

obj et o tsbughdRe tiehsisGB chehfitFand befbBishbe St Treoaod
practice, @saoomprisay méarisdfa][ Btﬁ?k@p@r}\mbiﬁfbréhﬁﬁrtéfdﬂvidéb nglhdté‘r&:d@rkamt er Sd
of the device e fixed at aul t valyes), this corresponds to naki ng goo
Use of  he aecudlos aIEs aA LA Coatein G e Yiraudiuth aniaRs NGIR0 AEY! bl <
either 10 6 @4 A5HIRA o HERSSAURCBCTAY ALY OISR Gl BY 158 ififlo user | or
a 30 simlar use of the resources or to use only a part 0 e avail abl e
resour ces wescepliorota designatietiel praicepsordiaiplementiag ithe stepd dfnthehmeexanpl e
taken t il'ééj trate the present patent application, the neasure used to
esti mat1§ tﬁ %ercei ved quality is, for exanple, the PSNR, the acronym

standi ng f it iEgkwdl Kitalvale® cORfigiftalferhd Bre ¥hddvdble 20 cBRIpREH dﬁ?@@ig%s)ur e of

distortion used in digital images, nost particularly in’inmge 3conpression.
It is defi @&dthg codiggperatigroyia ftwarg, thivseftware teabaing irf fact coin-Pl (i,

o) henrere Wi ty ool nsiled) SRDRALRMbARAISR BNBTER ), e
original (qressioweatd,usticl masisd intedraté h ProcéssdrintRBAg 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-
20 tween on the one hand the source coding of the video datum to be trans-
mitted and on the other hand the addition of protection to these data so as
to combat transmission errors will be detailed.
The constraints on the optimization method are given in terms of through-
put or of hoped-for video quality, that is to say a level of quality estimated
25 by an objective measure, the aim of which is to represent human vision. In
practice, by comparing with a non-optimized case (for which the parame-
ters of the device are fixed at default values), this corresponds to making
good use of the resources (radio in particular) used and making it possible
either to provide an increase in the quality perceived by the end user for a
30  similar use of the resources or to use only a part of the available resources

while providing identical perceived quality.



10 In order to illustrate the nmethod and the inplenmentation tool, the
description will now detail three nodes of inplenentation naking it

. possible to cover a significant nunberq of scenarios. These nodes are given

only by way of illustration and to enable the reader to better understand
the inven- 15tion. Principle The paranmeters to be taken into consideration
w Il be dependent on the 20 application, that is to say on the constraints
to be taken into account for the inplenmentation of an application of

mul ti medi a In e ekampleetakiee toiiltlstraten theaprisenp patent applidatione feepleas-

I'tipl exed f, Strd f vid ta alone.  and of fhej ti
ovai | ot o e Used RSt RRIE M perceind GRS ds Bhe e S OR Band 1 ons,
i ncl udi ng igerdafrhi stahding LTBE PFEARPERIA! Yo Niise Iﬁatrol?%bhi&ﬁ T 08 Rlctivg

constraints (depending on whether there is a small or large l'ag, and _
accor di ng trecasuset of distpbien usedbie digital imagys, buost psdicularlyojmeimageg 1ife of

dounl oaded PHPERBR RSB £ 0 Carri ca out | uet 10 once), wll -

require various practical strategies for tha:optim zation nmethod according
to the invention. By carefullyRSois+ H¥pgpG—the vari ous nodes of operation
which may be dis- crimnated, it is possi MLt o di st i ngui sh three main

cases: going fromthe b ® t'*rznal. (fro0 _)a control point of view) case where

the a pri orWhekaoMElg{ - difaQdaire thier giamarisiorde (WiddtRsmi t t ed
is conplete, to the caséiwhereM¥&tain information about the streamis
known but for which the tenporal constraints will allow the controller or
devi ce acc@ndi hgjobhl af Hae ividasnimages; @ndept(.d) (W )caives the kmipapsceefor e

deci di ng on,_the paranete to 10, be usged, .to the st difficult case where
t he controlr%h%lp"??ﬁé[of'ﬂ’ﬂﬁ[ﬁ%étr%ﬁns&@&f RAsitoRi.pAR heieaget o be used while
having gnly Iimted know edge of the past configurations. In practice, as a
function of the scenario considered for an application, the best possible
nmode of opédna&ridenta dusisatecthednatihgdt ard theirnplementation tadt thel desatripai zat i on

are made Ao \];vﬁlnﬁcg\}vo@etgifl tlturré'esm'o%lseorfelrrﬁp%r'ngﬂta?i%nt rrrllgkfnrg];_ it possible to
cover a significant number of scenarios. These modes are given only by
way of illustration and to enable the reader to better understand the inven-

15 tion.

Principle
The parameters to be taken into consideration will be dependent on the
20 application, that is to say on the constraints to be taken into account for
the implementation of an application of multimedia type (where the video
and audio parts are for example multiplexed) or of streams of video data
alone, and of the information available for the optimization to 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 downioaded for real-time transmission carried out just



vention. 1 - "Total" node This termis adopted for the case where the
controller, which is the ne- chanismcontrolling and directing the

"~ operation of the source coder, has 20,hotal know edge of the sequence of
the data to transmt the information. For exanple, in the case of a video
data server, it will be possible to store various conpressed versions of a
sequence at different throughputs and/or resolutions of the sane origi nal
sequence, or sinply it will be possible to store the sequence slightly
conpr essed ance)rnwidimpquise sdriass \peadticahb strategiesafdreheroptingizatiaro method ng
precisely the t&iro cg{}ﬁeuts nd video quality expected for a set of

conpr essi or’?CBaF rﬁ%f IpYe rhppl led to the sequence. More generally, the

expr essi on Bykeashagaonalddning the WABES mdded HESEraticn WHIEH Ha9ash biR-mean the

fact of knowi ng the throughput obtained for various coding configurations
(quant i zat icoimipaliegdimilt isrpossiide ital distinglish ttBeei main casgsorgding éwoh théon, etc.)

but alsqg t . Lyve_proportions .of. the vari- o parts .of the, stream
(intra ? r a@“f’%‘?f@é 2@l &’RERF?]C \Q?Wpfa?%rwqeﬂggge a.'LP"QQﬁTW‘gedge _
confi gur at iabosit tAdirsultip@eia Yate atresm to \Weetrapomittcdeid Bemplaeeth hreadcast i ng
sequences, a term better known by the name "stream ng/ broadcasti ng” which

may for ex&%SeeVPRIgcCERR iBﬂOém@B'y@cﬁhﬂuﬂ Kheistreane it knewoueiier svhighd f or

which th | S t jted f
thich the SBKaAbbE chbbbolilIYInalsy 0 Eollh 056 AR 1o LT
case corr esmentiontto tastntav tonfigdrations befareleciiingrenithaipar@meidrs thave a

basi ¢ know, edge 0 the video coding itself. Typically the know | edge
relies 8n meg%?fgrquhﬁrrﬁgﬂﬁ' t?u_gt%ﬁﬁes‘gh%fﬁ ﬁw%%mtﬁ%llqrdnuaume@la&elxo
throughput geRpfd A& Patsnetels Yo B@%s%ld%hﬂ%/ h&gh %Wﬂnﬁt‘éﬁﬂ(&%ﬁé e

par anet ers uanti zation paraneter, spatia resgl ut1on, tenpora

r esol ut i onof éhe pastgonfigeeations. appr oach relying on one or nore trials to

oot e SR BleeoRE T RO S e etk olebabplSsiap The
consi der ed bekPigos@Me héde of operation is selected and the choices of con-
15 trol/optimization are made as a function of this implementation 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 will be possible to store
various compressed versions of a sequence at different throughputs
and/or resolutions of the same original sequence, or simply it will be poss-
ible to store the sequence slightly compressed or uncompressed as well
25 as a table or chart containing precisely the throughputs and video quality
expected for a set of compression parameters to be applied to the se-
quence. More generally, the expression "knowledge of the sequence” is
therefore understood to mean the fact of knowing the throughput obtained
for various coding configurations (quantization parameter, spatial resolu-
30 tion, temporal resolution, etc.) but also the relative proportions of the vari-

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



15 realistic when considering streans with limted constraints on | ags,

I .e. when the execution tinme necessary to execute the encodi ng nethod nore
" than once is acceptable, and when the,sstatistical information has been
predeterm ned for the standard or the video coder considered. 3 - "Blind"
node 20 This node corresponds to the case where the control nechani sm
according to the invention has to work wi thout conplete know edge of the
forthcom ng stream or without the possibility of testing several

conf i gur at ivareug esanfiguraticinsg This ohods eist realisie wier mensideringnstoked abl y

havi ng kno e of th odin rameters for th evi ous t he blind
node igs 25%@%&%&99 8%@%19632 agﬁgrrgl é%ﬁ?rh ”gYVHpE¥E eal'?a"l%ggﬁ%%@"ést to

i mpl ement . ing/briddcakBhy’ WhicEehay frtdiimpla Have Bieh ple-Ssicthvith Riauet ers (in
particular at the start of a sequence) or on the paraneters of the previous

q L ne
noment s i n &6\t darPugbpdist apdiferewhich thestontiodenyilbsimpty berable ¢o bboased at a

gi ven i st | 1 iqns of lowreal-tine
conpl ex?t yq'génggisttJtmse%ﬁggrgpg@b{sioﬁf§ﬂﬁ? %ﬁ%’ﬁ@él%glaqﬂn?gal -tinme data stream
such as a \2 d¢Rartiabaad trials’tmode2 I n all the af orenenti oned cases, the
control nmethod will result in the decj- sion on the best choices of

par anet er s W U¥ CEAG COHBSPRBIS &n BMadeeTadvhich ihe sontroh anechapisms will

addi t i on- ofy: i Fvi galéqlfu 1] and
transm ssi gr?%?hﬁ?%?%s%ﬁgg?gt g gt\g§€@g¥38{nﬁg net %ﬁ@%ﬁ%?‘h?ﬂ’?or mat i on
about the dedgee refies hen dhannkarts Providinge statisticahlinfomohation abbdutmtides and t he
"blind" node, a second,adapta- tipn step: be executed so as to ensure

t hat t H8 tgP@é‘QhPH%oﬁ%gﬁ? ciugvesl@f)glgﬁﬁ! &L@q&%ﬁf‘?rhg'v?ﬂi@%%ﬁﬁpd&%&i ng step
wi Il be apphéters (§QantR2eABR| Bardietde! 8patd RsBIAIBAT t@ﬁlpBFé}”Fé%oﬂftio?PCket S
which, if they were retained, would 'ead to an exaggerated overshdoting of
t he target eﬁ%gaogmﬂgs.arrapprmhtneh@g)peme onmicge Udald torregachies opecessary,

an adaptati | £ i i ned t0,.10%.,0f overshpo 0ssi bl y being
decl ar ed aé@%ﬂ@iﬁ%ﬁm&ﬁﬁ’nﬁr gl%{ur%gyt(ﬁg i FI”WP%BOE&%% PIPPFor this
margin to lmenS"_d@P@ﬂSt?piedllpa B ©f Breequsts mAg bdusatdidereal ThiRemeggugnce
either by profitin rom al so having certain predictions conveyi ng

t hr ougHput $eqlisiic WRgR eansidefingestreamspyithi limited sonstraists oontagsaiigt s on the
later part gyfdn fiaCeXddifiBn IR RBEEs U To ERECEThE PRbaRE SRS Bord! 9-
than once is acceptable, and when the statiétical information has been
predetermined for the standard or the video coder considered.
3 - “Blind” mode |
20  This mode corresponds to the case where the control mechanism accord-
ing to the invention has to work without complete knowledge of the forth-
coming stream, or without the possibility of testing several configurations
before having to choose the use of one of them. Notably having know-
ledge of the coding parameters for the previous GOP, the blind mode is
25 the 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 or-
der 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
30 particularly suitable for a real-time data stream such as a video confe-

rence.



20 The description will now explain the tools and the steps inplenented by
the nmet hod according to the invention and by the supervision or control

" tool. Tool s and functions for an,adaptation for a spatial definition

and a 25 tenporal resolution The neasures used for optim zing the

transm ssion of the video data are: the quality of the video perceived on

reception, or PQS quality of service perceived by the end user. As has
been proposed in reference [2], the expression for the hoped-for 30average
for the end-to-end distortion after the coding of the source, the

packeti zati it n rk,. the channel codi opgration, followed by the
13 i npact Aﬁgt"htgec%ﬁ?ﬂ@én Pr?&ge?aé;(?f' Q’}?dcg%tﬁ@épgg%gp\&ﬁd?%ﬁéd thegess used as
a nmeasure fsin oAMPRI bekt OHYiCaY!8f parrhémRis IS tHe cbMPrédir 8% té data _

conpression/ protection for the sequence to be transmtted. So as to obtain

enough dat @ndoopiianedly of additiearefirrotestionmparameters dobtheathrayghpus qoini-cat i on
ith t . ol . , i it .l i { t di ct
the o1 3¢ Gt HAF iiienliShion SoRbABhS avafiabBlofel o thE a8t 8o oy °F he

predi cti on information abpuethe siatet dfrthe ghrbhelpper at es and above all is averaged
over several frames, the optim zation proposed in what follows is executed
on the basis of a throughput cal cul ated group of imges (GOP) 10 by group

£ > ot . ; ) h . i -
cour e underr e paflapantifidle; Ftids dnd B iR M, W Bl adabie-nf o
fol | ow may tieppstepi may depexecutéd isvags do wristre dhat thet tacgetsthréugrgalitas a gr oup
of i but i ¢h ise d th t. M |1y, the dat
be auad adeailec ot B BEST PROGEESUTEL 5B Tbbe EPPIPd, 16 SXPIRAehY ¢ he 15
met hod on YA a AUnBEEGf frahdiCor pRKEEWhidelf tﬁé@ﬂé‘?? réﬂég{ebdt, tUﬁUId .

d of [ fol T owe y predi cted

"sensitivity" for a GOP nade up intra franmes
frames P i deadin apsxagpgratedt ovgrahootingof e target trroughput, This quttingi ce, t he

sensitiviti t he r s.depend on the previaus franes: .if P frane
i s not recé’ﬁ%@%ﬁo&ﬁ 85‘?4 ﬁ&ew&ﬁ”t%%C%SS?WOV%8"%@@985@3'&}%??%'99 p%éy have

been transHinedgqd t60r0% ©f loyershidot FBQ@ib@ebéiﬁg@é&tdré@b@éeﬁt‘ébfe%?ﬁ Yraclhe term
"sensitivity" for an inmage or a trane nakes reference here to the

measur dfenticefit WHoTtgrs bemossible fartbiguvatoinite heressprensated onavenagepr essed

original vi ' t i raoframe. in question is
| ost or er rog/%gﬁ%guﬁr?\ﬁgr(ggp yc%qﬁ? ﬁge %ﬁéﬁf’%ﬁ%ﬁg%ﬁorﬁfm% agms?%'vi ty
adopt st he tainspredictionst dceriveyimgnthaofigleputs iless disdn thé tarett babydiahgr t i on
degrades th .rIean distortion of the GOP suffijciently for the contribution
of the di sSHEELFOFHraINE arothedalen partsatdae videosgaueansenhemtheneyergi bl e.
The i npact ¢pbot Béc&héé’itdﬁisbi%r ames whi ch have not been correctly received is
consequently taken I nto account by using a conditional proba-

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
25 temporal resolution |

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
30 average for the end-to-end distortion after the coding of the source, the

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



30bility on the previous franmes to be corrected. This leads to the
expression 14 for the standard coded sequence in the IPN (Infra, .

. Predicted) format for the mean di storiéon of a GOP N figop=ri(i_Pe)4"i .Do+
En(i _p00 eygim .--perni).D10,](1) 1=01;0 1=0 with n, the size of the jth
P-frame, with D105 the distortion observed when 5 the eh P-frane is |ost
al t hough the previous franmes are correct, with Do= Do, the nean distortion
of the GOP without error, with Athe fraction of the franme which may be
partial |y iiopegt of theochanted moldetad)zand oonvdrse epesatieareanmayl bieoused

- | bi |1 f .err f the bit P. 10 Wth th
rer | SRt I O B0 (i ok ok s
-0.25 and breskion/Brotéetion for itise 88GIRIY tot BB trafsinafedon (1) can be utilized

once we know, for all i, the values of the size of the P-frame n,, the
di st orti on S¥haeitw ebtaimenough data teroperate, ingpartieulanin theuegset dfearpapvi ous

f 0Lk D Mol X ' ' tiaon.of the W t hout
1[32??; ?ng.p‘ﬁﬁétﬁcﬁfg\ﬁltﬁ'ﬁop@pﬂedﬂc%@gh g%g'?egegﬁ?%rﬁtﬁ&'ﬁé? Féét'ﬁ“&ﬁ”?gt ‘Pt r oduced,
t he expr esgprredicf the rchativer groponionsalfidachyoffRedritioHss ®ub&y ens@reb®iat

establ i shed. For exanple the use of rate-conpatible punctured _
convol uti oﬁré‘? Rredistion RESRs GRMRIESSIONatRrewghnit| eparrias aed aovg all is f 1 exi bl e

Bl e s L L
executed on the basis of a throughput calculated group of images (GOP)
10 by group of images. Without departing from the scope of the invention, it is
of course understood that with minor modifications, the explanations which
follow may apply in respect of images which are not constituted as a group
of image but which arise under another format. More generally, the data
may be audio data or video data. Thus, one possibility is to implement the

15 method on a coder of MPEG-4 type.
Document [2] teaches that the “sensitivity” for a GOP made up of intra
frames | followed by N predicted frames P is expressed by taking account
of the fact that, in practice, the sensitivities of the P frames depend on the
previous frames: if a P frame is not receivéd correctly, then the following
20 ones, even if they have been transmitted correctly, will not be recon-
structed correctly. The term “sensitivity” for an image or a frame makes
reference here to the measurement of the distortion introduced with re-
spect to the uncompressed original video sequence in the case where the
image or frame in question is lost or erroneous. In practice, the calculation
25 of the sensi'tivity adopts the assumption that when a frame is lost, its par-
tial distortion degrades the mean distortion of the GOP sufficiently for the
contribution of the distortion of the following frames, if any, to become neg-
ligible. The impact of the previous frames which have not been correctly
received is consequently taken into account by using a conditional proba-

30  bility on the previous frames to be corrected. This leads to the expression



with dfree the free distance of the code, ad the nunber of existing paths,
Pd.= erfc(VT) the probability that an erroneous path at the distance d is

. selected when SNR= ESINO. 15 Sim | ar 1gxpressi ons can al so be established

[2] for a data partitioning or nodes of frame m xing, which nodes may in
particul ar be used in the case where protection unequal to the errors is
consi dered, such as that described in the Applicant's patent application FR
2 903 253. 5 Prediction of throughput and of quality for the nodes other

t han t he " tfor tie'standardWnstasbseduancetie the tRafittraxderedidtéd) format fetdiee of t he
streamis nd co ently all the val ues necessary for

determ ni ng'ﬁ%'igifﬁ%!ﬁf’w &né@ﬁg netric are avail able, the "partial and
trials" node andvthe "blind" nodei-are 10 causal and the future information
i s not avai baprd Jouer POE" .0 t hdsé] [ éist PYWO (redesP)AheD,stlat i sti qdl) knowl edge
of the node of video codi ng of #heooperation may be obtained, for exanple,
via a set of charts, which will indicate, for a choice of tenporal

resol ut i on VYU 7othespize;of the ds dr-itares Withlh.es fundistajtien obrervelovaenof f or mat
and tenpo of the inmage) as well as for a given 15 choice of conpression, a
predi ct Son the *hdP-{ramso igdesti alfhaghithe doravioss fremessareucoirent, anidht he

t hroughput gbtgined. O cqurs it.wll. also b ossihle to gbtain the
statisti caIBkﬁ% iﬁ%énqqrbﬁﬂsfﬂfﬁgn P&]&ﬁ l@tql%éﬁ't%gﬂgﬁa’%ﬁ’é' ' Bydke fIRelioRi nci pl e
remai ns the .. For these |.ast_ twy nodes,.th epresentation _of the
statistics oﬁﬁgﬁr@m\ﬁ H’E‘&F"‘z@‘a&ﬁfei’a&ﬁ\gﬁ}’ nBésyr?B'ItI%o‘gégqsg'QCWEH H”lﬂf?t@i ng the
conpr essi onstieahR BAY $6r 4InérMbRLIRES EhBARSINRIEa drbBabififyl dfatd for tHEEbit .
guanti zation interval (QP)) for the various possiblé tenporal and spati al

confi gur atifBns. Figure 2 illustrates the principle of the first set of
charts, which give the 25 informati on about the video quality as a function
of the 1@uarWltlzghe @xpgamentaleralies estimatads i [difor the pamnusters gkoi.etream
Figure 3 illustrates the principle of the second set of charts, providing
i nf or mat i orl aBott0-25handhrofghPuts )all ia appacentdhabequationg(laranzbe iudia
paraneter for the sanme realizations of video stream 30 It should be noted
that the cHized anseswedinow, ter all daiheovdlyes of tha sizedifitbasi’oRedrambant, if a
predefined rule is established to relate the quantiza- 16

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

frames are correct D, and finally the mean distortion of the GOP without
15 error D,.

Naturally, in the case where an error correction is introduced, the expres-
sion for the error probability P, will also have to be established. For exam-
ple, the use of rate-compatible punctured convolutional codes (RCPC) on

Gaussian channels with decoding with flexible inputs will enable us to use
20 the bound on the error probability established in [6]:

~ with 4, the free distance of the code, a, the number of existing paths,

P, =%erfc(,/",;,f‘) the probability that an erroneous path at the distance d

is selected when SNR = E/N, .

25



tion parameters used for the various types of frame (for the standards
offering potentially different quantization intervals according to the
“types of frames). Typically, in the tggts performed, the follow ng rul es

will be used: {QPI QP QPp = QP + 2 QP QP + 2 (if used) 5 for,
respectively, the Intra frames, the predicted frames P and the _ _
bidirectional frames B. These proposed rules rely on trials and sinulations
carried out to establish pertinent rules for the quantization, outside of
the fact t&imilahexpressionsi can fiso barestdblsed [@lifht a tdatd attitominged by using

I : | zat ] 10 . ., Mo /er, i.t has been established
That the pinotdes,PL3rmg T, dip rRRHes Ny if giarieian PRONSARLIbShS equal |y

vel | 1N t heagasahafeehrotédtomORodidds! ihaeroi! RScondiddred! Buthias fage: the

chart and the interpolation are not two-di mensiona _ _
t hr ee- di mefisiseribed 8Tther Applinant!s petesit @pplication FR 2803RB3exi sts and i s

diff f .o 15Fi ..2and 3 represent respectively the
expr esarton SR B Ao iRyt P8 T Atk Pb inemeRes aie Mt o
par anet er agetdlhensddr ession for the throughput as a function of the

uantization paraneter. For any start point (default values, information
19 or the pre¥hsigasdoptheitetal’ mogesthe-kapwiedagias the siieesi isl rerfesteandbl i sh t he

onedon FETASAONLabhg R rdeshanp (LI e LBRE, b iubir o %o
hoped- f or \meleic araaviallzbleTte taetialfaridhiiaty!miese BRdARBCHIMRE rdde Bfe as
follows: - Find th ossi bl e_quanti zation paraneter QP for a target
t hr ougHBut chs%arimcggfﬁ ﬁﬁy@dln m,eglpn is not available per se. In these last two
modes, the statistical knowledge of the mode of video coding of the opera-
tion may be obtained, for example, via 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
15 choice of compression, a prediction of the video quality obtained after re-
construction and the throughput obtained. Of course, it will also be possi-
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
20 | coder will be more easily managed by using the compression parameter
as reference parameter (in particular, the quantization interval (QP)) for

the various possible temporal and spatial configurations.

Figure 2 illustrates the principle of the first set of charts, which give the
25 information about the video quality as a function of the quantization para-
meter for various realizations of video stream.
Figure 3 illustrates the principle of the second set of charts, providing in-
formation about the throughput as a function of the quantization parameter
for the same realizations of video stream.
30 It should be noted that the chart considered here can -onIy be a two-

dimensional chart if a predefined rule is established to relate the quantiza-



25 - For an identified curve, the chart is read and the best correspondi ng
QP.(the candidate closest on the chart) is selected for the trial. Although
"the chart pertains to a w de possible and t hroughput range, these val ues
are not continuous, thus basically it I's possible either: 17 1) to find a
realization of the throughput that is close enough to the target throughput
to conply with its definition to within the margin, 2) to not be in a
position to select a candidate imediately. In the first case, illustrated
by the candiooamzﬁamwensrusactgfmréha varibugs typas dbfreme (@cihesstahdamisi ofredi at el y

| d . h di f th Th di dat ‘
B 1 5t he EaPatARY sutnt laRER I A ARG B dgavPes Ol char I
in the pregeitheXxagpically, iMtife ©ats BRGNS, ttﬁetf&ﬁ)v&@%g@bs i Q3R - I'n

the other cases, a refinement step nust be execut I's specified
10her ei nbel CQPI R4DPnenent of the selection of the best quantization

par anet er kl nenment step nay be necessary, either when it is not
possi bl e t QPn(T "i'ﬁtermadi ate candi date on the basis of the initial
chart of thE(; jjon, or else when having executed several trials
with the " tfal and 1 trlals al gorithm various pairs of realizations

(thr OUQBpUtfer QEIpALAVBIYO AR IR AR, e P%l&@ Iffarfibs P8nd Eﬁ@k}%&% the

current portion of theé sequence. Several tri a may be execu which wi |l
al | ow rmretlpnal:iramedﬁ erm natl on of the behavi or of the portion (GOP) of
t he cur ren uence dghm e of the initial ﬁt%r edi ction

curve was &6890 '}Sﬁ”éea atigns ‘Fﬁi“??’ Qut &yeslghlish of
trials necwmedtyuvean@ﬁmé @yaﬁtfz@nbﬁad)ut%id@eofétﬂé fREARAL il [olbd é@ﬁfﬁt lon

constraints, the final choice o uanti zation paraneter often
have to be Cﬁﬁﬂéramqsh@ughh@/bﬁgwamtmedi}yyusmgtewalmrlawmmtlpambnctIy to

thethr u t r ifying that a ch st be
made ‘wi ?hggﬁ% 'EM %Er?g\tﬂ %(ﬁga% g%ﬂ ggébglsﬁgé%gmh%yn@g éeas ﬁﬁfﬁbﬁéhéﬁw saged
whi ch have rmain velid ésethicedthien ridegUegqaaf weiBn the, cadd ahdrdthdaen-1 - all .
the QPs teste é’q (on one or, nore curves% significantly exceed the target,

Case 2 - alPredefinedrulesexigh in dhisgiaseotherphart andiibe)inicopelation@re inodnt | y
30bel ow t heybafigehsiondP2D but three-dimensional 3D or four-dimensional 4D (if a
QPs exists and is different from the other QPs). |
15  Figures 2 and 3 represent respectively the expression for the video quality
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
20  used to determine the hoped-for throughput based on the possible quanti-
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,
25 - For an identified curve, the chart is read and the best corresponding QP
(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:



Case 3 - the throughput of the target is found between 2 QPs, found above a
- single curve, Case 4 - the target throughput is found between 2 QPs, found
. above two different curves, SFor casegyl and 2, various strategies, from
the safest to the riskiest, nmay be |nprenented. These strategies correspond
to a simlar approach: either take the closest tested value and use it, or
try wth another, placing total confidence in the chart assuned to be the
best. | ndeed, wher eas at first sight it mght be believed that the chart
must im td)iedindtarealigatien ofthe tyougmputi that Isotipse eooupb t6 dhgdarget t hat t he

t bl f the informati on of the
p;g\?i g[lg Cﬁ]ouav\hﬁtﬂe&ﬁéﬂ@@m'r Q%f}é}?{%&‘gﬁg%é’{tﬁ PEMRAYYr rent GOP of the
vi deo sequen)es nbbbden Q@é)@ﬁfonﬁo\ée@ﬁa%mé ulﬁmémat@w e to change greatly

fromone nonent to anot her change of scene, |ar i ncrease or decrease in
the 15 noth&e firtrasetibisteated by be candidate QPs infiguest tthetcaodidate val i d at

a certain igst ant..t; r ponent
FoL and ey TR, SGkcldd Shd oy B vRel P e bpttind Y tné

descri pti orseqaene@pﬂ'becbaﬂimuaﬁeg QP dsitthel lz:aﬁidlda@( Oglcﬁt\éet Itw J:Het b@rﬁed 20-
in case 1, ,use ecl osest +1 - case use ecl osest - now ng
that ot her t'&@éﬂg? b Bﬁ@etné{/ ogértcor'\% Pé%ﬁerftcﬁxa%?rptms SPTTERBBRISIEO t he
increnent 3ge ?argéf‘ﬁxtrélﬁhﬁ?ft the relative distance between the throughput
attained with t heci osest conpared
wi th the tdndfe otHarmagkpua retement stapanGst hes executad watdch & spedified on: op f

rate, r%t hre?él(rambelo x( opsQinf) rate.,-rate,,, uP

Refinement of the selection of the best quantization parameter QP

A refinement step may be necessary, either when it is not possible to find
an intermediate candidate on the basis of the initial chart of the reading
operation, or else when having executed several trials with the “partial and
15 trials” algorithm, various pairs of realizations (throughput, QP) have been
obtained on the basis of the trials on the current portion of the sequence.
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-
20  count of the limited number of triais necessarily imposed by the real-time
and practical-utilization constraints, the final choice of the quantization pa-
rameter QP will often have to be made without having found any QP that
corresponds perfectly to the throughput or quality target, thus signifying
that a choice must be made with only the knowledge available. Various
25  cases may be envisaged which have been represented in Figures 5A, 5B,
5C, 5D and 6:
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
30 below the target,



where ratetarget is the target throughput, and for the two candidate pairs
(QP1, throughputl) and (QP2, throughput2), rateinf represents the | ow est

. throughput, rate sup the highest throyghput, QPinf represents the 30l owest

guanti zation interval and QPsup the highest interval; 19 in case 4 which
corresponds to the nost difficult case, which in practice corresponds to a
scenario where it has not been possible to determ ne the correct chart for
t he sequence having to be coded. Here again, the operation of calculating
t he barycefiase gropusdroughpst of 4be target isofosingl between Re@Psufoundit to be

| ess effecty if.$ timl curve has a very different slope fromthe
curve sel etgpégegrs@ Igec(z&\{é{:imthe two curves sel ected. Another solution

consi sts, QusecAarthé gargeb thraaghputiie fauhdibetveen 2t QPisf fdund Sbawaiw@bl €) into
the interpolation: the three pairs (throughput, QP) being used to define a
curve on 1@iff&IBNLEUNAS, nt er pol ation nay be performed directly. In the tests

d i bed ' it i . f er. which will b

used. o bl eanes (A or vafioe SreidiRe i ing tBe R e BRESHePE Rk or mat | on

151 rame (1l The L SLOrt Lon hserved mhen Lhe e h e & bi o
rame (n e distortiopn observ i - i

and the di i%'%ﬁ h%ﬁgéﬁs‘tt{?ét%!’a’?"%?féﬂﬁﬁ 'ﬁﬁit%“}ﬁhmgﬁrjtﬂl@:'%éﬂﬁl a chart

to predict cbhﬁd%ﬁgé)mghglgha@%shﬁfed}fgqgesécﬁép%@gt the "partial and trials" and

"bl i nd" approaches, e subsequent ron details how to obtain the
m ssi ng i nindesatd, ivdrereas @b firsthsighli i tnoight ba beflievbe tiiRhei chaghaidsy ikrown by

Cop § oSt nIVKER b8 et ol Aishould bk Horotes il s sCagsoplenans |y
known by Vig te'®le@érnbiRe, on the BASIEtof( HePMfdimatbrs bfh gj’éw?ﬂé nSoPe

¢
t hroughput by the nunber of 25images per second. |nde e tenporal
resol ut i onWfich bag corpseapds ibesk frsihefaurrend (FOPhefr 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
15 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-
fore not allow good prediction.
In the subsequent description, an approach having a controlled risk level
will be used:
20 - incase 1, use QPieciosestt1
- incase 2, use QPeciosest -1
knowing that other adaptations may be considered; for example by choos-
ing the increment as a function of the relative distance between the
throughput attained with QPheciosest COmpared with the target throughput;
25 - in case 3, use a barycenter relation:

rate_ . —rate.
OP, +—mt——ul x (0P~ OF,)
rate,, —raie,

where raterget is the target throughput, and for the two candidate pairs

(QP1, throughput1) and (QP2, throughput2), rate;,s represents the low-

est throughput, rates,, the highest throughput, QP;y represents the
30 lowest quantization interval and QPs,, the highest interval;
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length /,""a is also known fromthe chart (type 2) as an
itemof information (the ratios for the intra/predicted are

. stored), as illustrated by Figures 164gnd 17. In the exenplary im 20

pl ementation, the fraction is stored in addition to the chart infornma-

tion, as i

| lustrated at the level of the aforenentioned figures. The

question which remains is to express the relative contribution for each
frame in ternms of length, that is to say |, and in ternms of distortion,
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Here again, the operation of calculating the barycenter proposed for
case 3 is possible, but may turn out to be less effective if the optim-
al curve has a very different slope from the curve selected or else
from the two curves selected. Another solution consists, for exam-
ple, in inserting a third point (if it is available) into the interpolation:
the three pairs (throughput, QP) being used to define a curve on
which an interpolation may be performed directly. In the tests de-
scribed hereinafter, it is the formula for the barycenter which will be
used.
Estimation of the length and of the partial distortion information

Having established the need to estimate the respective lengths of each

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

loss;

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

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

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

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

- The total length / ., of the GOP is easily known by virtue of the

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

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

Intra
additional item of information (the ratios for the intra/predicted are

stored), as illustrated by Figures 16 and 17. In the exemplary im-



Constraints inposed and definition of an operating margin Having defined
the paraneters and the data, and how to obtain them the description wll

. now give the margins to be conplied V\Qéh 15 Target throughput The concept

of throughput control is not new, and nunerous algorithns have been
proposed in the video coding literature. Their conmon aimis to ensure that
a given sequence attains a nean target throughput over the duration of the
sequence, and their general approach is to react w thout 20abrupt change in
spite of the qualémgntationhthe fradtiom iscsterest int ddditiem ttwithie bhar dnfoomal ex

evol utions of the s n T I, of .t.he control.l er ich will use the
al gorithm pr opoé'ga’ Sﬁﬂﬁﬁﬁgte&a"g‘ﬁ{‘@?vﬁﬂbﬁ r?fnfea{'%e F¥CPeact i ve (in the
sense of f e @eﬁﬁbhimcﬁ@em%iﬁsqs%@bkgféssqhe&éraﬁw cbRfibutibe $br £8ERUINPUL) .
| ndeed, the conditions of the state 25 of the channel may be hefty and

i mpose hef fiameir termsrof lemgthhthapisotoesay gn arid iouighpatad distbitioh, theatlis

I ntroduce big inbal ances in respect of the com pressed sequence (too nuch

t hr oughput temayunpd As idostvated eihyFigoioe | 7,t thet paitial fquality édxpoessdchinf or sl ow

adaptation of the throughput (such as those 21 proposed in the H 264 :
ref erence dtemes pf patial distartior)dstaofundtipn which meseasesrwith thensumber ebver, sl ow

adaptati on d'e%oggé 'i%a%rélsy Iy\(ﬂgﬂartlth% te&%gﬁmeﬁfallO&S%rwétpcgn%u%néluding the

remarks made in reference [2]) the following expressions are proposed:
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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.

15 Target throughput

The concept of throughput control is not new, and numerous algorithms
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
20  abrupt change in spite of the quality of the limitations of the bandwidth and
complex evolutions of the sequence.
The aim of the controller which will use the algorithm proposed in this pa-
tent 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
25 of the channel may be hefty and impose hefty variations in the protection
throughputs, which would introduce big imbalances in respect of the com-
pressed sequence (too much throughput consumed or conversely too lit-

tle) if the algorithms for slow adaptation of the throughput (such as those



put conditions vary still nmore slowy, and always passes via an initial 5
phase with very inappropriate parameters. In the case of a wireless

" transnmi ssion on a variabl e channel, iﬁuiﬂ udi ng when the residual error rate
is negligible and the problem of introducing protection does not arise,
such an approach risks providing very bad results. Adaptation to a variable
sequence: definition of the acceptable margin 10 Having established the

i nportance of carrying out relatively regular throughput control, it is

al so i npor paoposed nethal H.264arteferenge reodetswvelre egpécted do samlagt to theswi d havi ng
to apply tog.strict or too frequent post processings (as will be detailed
her ei naf t eM§ 1@ Ic?'r'spractice, a tolerance margin of 10%w Il be used, which
has been emdrenver, Sise aaaptatol i Vafid enfXAE thd TrafRHissiGR efliiiogEnby . t he
Appl i cant, sone exanples of which are given further on in the scription
and i || ust pat e@nditiorsgvarysstilll mere1glowly, asd ralwaysrepatsest viat an tiogied her wi t h

hi ' i .Q0- rithmbe,i I nted which notes the real
thr ougnpat Pese S ers QhaBoRrgRs narathRs 1o i GERm ol 2 WRSTh RSN ||
t her eaf t er nhigsionp&blaevariably GHanhel, tinGludihgt AheRTthEhfeRIHIfAP WrdrSrafe figinct i on of
past reality. T,E%;cal I%/% I f a throughput used for a certain tinme span is

too | ow, tREStG ?'."@ﬁ PEPRIem pbintiaseicingxpratestioncdeesl npt ariger sucfed or

o evi oust 3 “eahbioech fsks FrovRifa Ve ad RGP0 0P 20t of B gori thm i s
ai med at aAdmptationdoad vanatie deqoehan gefintionafitias aeteabldwmarghput , this
qual tyDor FEIE SakEed T, SRS RS ORSATNG | @4k TP FeOUIRRYS &
constrai nt yauBRSITEAt #4693 infrtdr tB%egéfﬁféelgﬂF@mgﬁg%%ﬁpgf emar k

considering the definition of the 'margin an
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. i 1di . found to b i val ent by the
ornt cont Y Lae 9L BECEBIEN {krRinaiRe” I inAchce. o doBaTeE BBy ohii ch i s
22 equal) %0% hall lbestsedewlitAthas Bedf érﬁplb?(@ﬁtsdcﬁésﬁgﬁ?'irpltﬁe%& gRLS of

flicker when the quantization varies too often. Post-processing operations
(for tH& " pagnts gondueted hysthe Appliganbisome exanipids of which are given fur-

ther on in the description and illustrated in Figures 11 to 17.

It is recommended that, together with this margin, an observation algo-
rithm be implemented which notes the real throughput used with respect to
the target throughput, and which will thereafter be capable of updating the
20 target throughput as a function of past reality. Typically, if a throughput
used for a certain time span is too low, the target throughput for the next
GOPs could be increased or conversely reduced in the case where the
throughput actually used previously would be too large. In the case where
the control algorithm is aimed at a target quality and no longer at a target
25  throughput, this algorithm for observing the throughput used would also
make sense, since quality-oriented practical applications nevertheless in
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
30 to recommend, when various candidate QPs are found to be equivalent by

the joint controlier, selection of the one which is closest (ideally which is



5 Havi ng chosen the paraneters to be used for the codi ng operations
(conpression, protection), the coding is carried out, but it nmay turn out
"that the constraints are not satisfieg Typically, in spite of the efforts
made, an overshoot of throughput exceeaing t he acceptable margin may occur.
To limt the inpact of such prediction errors, a post processing operation
Is 10 proposed, which will correspond to cutting off the last frame or
frames (having the | east inpact on the sequence). This post processing nmay
be done i n equantoetheplast iongl ased,osd las toelimlt thé pdssibieddiects phiflicklery | eadi ng

for the H 264/ AYC coder f.o the ipsertion of arti- ficially enpty franes
(all the ma™1Y! BISGEHRBZEHAY VAU %% zero differ- 15 ence with their

reference, Pest-grovEdlsing dpbratibis o thé “PUrtifcanaceriis” apd etflﬁﬂf;ae the

right nunber of franmes, even if it does not have the initral ormati on
that they dBedashed. There will then be no risk of ‘desynchronization

occurring. | f1 t.- progcessi operation is envisaged when the
oper at - r:]’20 %@ﬁgghaﬁ)’fﬁ#sbﬁﬁéﬁ%?fﬂ% ?tu_se{l]gorptfngcqq ,°P?’a§l8932‘ﬁ‘?@ﬁ be
observed t lgbsgibeNpidiection),thet @din@isatartiBl GNPt hay Y BEFthdt e Par anet er
sel ection obtained | eads, for bad_transm ssion conditions, to a choice of

very hefty COSBPELS @58, natheatisfigd e Typicaldyuith spite \ift thevelfgrts imadey aref 3|
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a fewpilot_ s nbece)ds élﬂ intain tr{;je conﬂectigr} to obtain information
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possi bl e t QhhGIREYRE | npPaESh Sm@é quently be available for future
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etc.) avai leseewith their reference, for example) and this will allow the decoder to ’
receive the right number of frames, even if it does not have the initial in-
formation that they contained. There will then be no risk of desynchroniza-
tion occurring.
Another specific post-processing operation is envisaged when the operat-
20  ing conditions are difficult. In practice, it may often be observed that when
the permitted total throughput is reduced, the parameter selection ob-
tained Ieads,_ for bad transmission conditions, to a choice of very hefty
compression, therefore to sequences with very little useful information
which are nevertheless at high risk of arriving corrupted at reception.
25 Therefore, it is proposed that a threshold PSNRuin be defined, below
which transmission will not be attempted, except optionally a few pilot
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-
30 quently be available for future periods by virtue of the approach of obser-

vation and control of the mean throughput.



Figure 8 presents the conplete flowhart of this node of operation. Step
8.1 Initialization: Take the default values for the conpression

~ paraneters and the feedback toinformathon about the state of the _
transm ssion Step 8.2 Paraneters of the sequence: Read for each avail able
realization of the incomng GOP the information (throughput, QP) so as to
obtain the accurate real curve (C) of throughput for the next GOP of the
current sequence. is Step 8.3 Does protection need to be introduced at the
appl i cat i oriavingintroducedttbp teols r@anfioreast previguaigtbeed sodes ofAsperaf unct i on

of the avaiJlabl e throughput., select the pai[ (thrqughput, QP) on the curve
(O whi ch 6'8§tca@o'i’9"&gﬁ%@epcPrFﬁ'éeliyrﬂ’Eﬁ@EM{'aé[ﬁH‘ deviee qual -~ 20ity
constr ai nt FotdEhryde methé@r respondi ng paraneters and trigger the coding
met hod. YES Step 8.5 Conpression/Protection throughput apportionnent:

For each déyrwasreianedchersinabospethe “éOf@B'Imettlokidmr(??ooﬂsﬁaithelse- -
; i ng..i1 | t Q W e
{nr oughpor 22 $tihe et BRjr Wk rasslodlifoBR b0 23R BB %RY 1 of (e

GOP and t heagkdtformatior (cHannes sRitsli nailhBlettiihd, edTRalaRbRs (D oss) and

deduce therefromthe video neasure, estimated on reception, of the PSNRgop
of the G@,ﬁ%wﬁp@%ot%ﬁesc%mm@ fleweharhef thismodgaf operatignue PSNR.

Step 8.1 Initialization:
Take the default values for the compression parameters and the feedback
10  information about the state of the transmission '

Step 8.2 Parameters of the sequence:

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.

15 Step 8.3 Does protection need to be introduced at the application level ?
NO

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-
20 ity constraints.

Select the corresponding parameters and trigger the coding method.
YES

Step 8.5 Compression/Protection throughput apportionment:

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

constraints.

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
30 this value with the best current value PSNR.



24 Select the best PSNRgop and trigger the method for coding the data wth
the correspondi ng codi ng paraneters (conpression, protection). Step 8.6 End

. of the coding of the GOP: Send t he Egckets generated 5- Store the real

current value of the pair (throughput;y QP) in the list of pre- vious pairs
(throughput, QP) |If there is any, read the new feedback information about
the state of the transmssion. Step 8.7 Control operation for the next GOP
lo "Partial and trials" node The "partial and trials" node is used when a
mul ti-trialSel@grtbedrestdtlSNByyysard] triggen dlg méthodtferd coding therdatarwittunmber of
cases. The erformancoe oritthPand t herefore i.he rel evance of the

of the ala
choi ces of W&FAFEPRIIIING Goding RarAxieters %mﬁﬁ?ﬁ%omareﬁe& 'PS})-depend on the
number of tgtbplgse ERHMBfthe 468iRE.of thé eJope propose to limt to three tests in
our simulations. Tn practricCe, e conplrexity of the coding is nmultiplied by
thi s number Snd theqasckesogenerated i nit the conplexity it is reco(rjmendefl t[\)at :
each result i Q stor and tha he . sel.ected result be
used i f Sthe 53{%6% @‘ge ’oce%g{’q’ge?r‘ﬁ%\‘gé’ﬁi‘%aairz%ﬂ‘ég ‘Ht {?é’t)b’ﬂ Re h%FsOftF?er s.
Mor eover, ivioumsaify (thidaighpat @PY0 (including the first) offers a result
within the constraints 19i xed, it is recomended that it be sel ected and

that the codl HigreidaB¥srasd thermew fepdhackyaiosmation aboyt thestate of the t hout

doi ng nore lcliSaindl QUre 9 presents the conplete flowhart of this node of
operation. trgn'es@%s_uiﬁl nitialization: 25 Take the default values for the

conpr essi oiBtppBafr€oatrsl aperatibr féretbdbmxk GOP or mat i on about the state of the
transm ssiQn _Skep 9.2 .Sequence ldentification: On the basis of the |ast
{n} paifs (?ﬁfﬁﬁ&b‘ajﬁ'aﬁ@ﬂoﬁﬁent ify the most probabl e throughput curve (O
for the curmHRMpaR4UGRF Bials” mode is used when a multi-trial approach may be
used, although limited to a certain number of cases. The performance of
the algorithm and therefore the relevance of the choices of parameters
and the final performance naturally depend on the number of trials permit-
15 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 result of the
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
20 (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.
Figure 9 presents the complete flowchart of this mode of operation.
Step 9.1 Initialization:
25 Take the default values for the compression parameters and the feedback
information about the state of the transmission
Step 9.2 Sequence Identification:

On the basis of the last {n} pairs (throughput, QP), identify the most prob-
able throughput curve (C) for the current sequence
30 Step 9.3 Nb trials += 1

Step 9.4 Does protection need to be introduced at the application level ?



30Step 9.3 Nb trials += 1 Step 9.4 Does protection need to be introduced

at . the application level ? 25 NO Step 9.5 Conpression paraneters: As a

~function of the available throughput, ogel ect the pair (throughput, QP) on
the curve (C) which best corresponds go t he throughput and video quality

constraints. Select the corresponding paranmeters and trigger the coding
nmet hod. YES Step 9.6 Conpression/Protection throughput apportionnent:

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

(t hr oughputNOi o QP) on the curve (C) neking it possible to conply with the

t hr oughput t nts. Eor each glement of (S), predict the length of the
&OP and thggﬁét%ggmm% to the franme | osses (Dl oss) and

deduce therﬁ@‘émmdtibﬁ_oﬂtlﬁl@_@véilﬁﬁélth?ou?ﬁéthﬂ?@él%@tEHé[!Sél?&ﬁ?dd@hpuﬂfQP e PSNRgop
of the GOP, conmpare is this value with the best current value PSNR Sel ect

t he best PSNHGEFUaAYRI(€) Whighrbashsorfespeifls iorthedbiaughpuband videniqualt he
correspgndii Gd 9 Egsparamters (conpression, protection). Step 9.7 Control
of the resutl?lt 8 ? € ‘coding nethod: Store the real current value of the
pai r (thro@gieetithe QBjrespondingparameterd @ndittitigértBe@ddisy fiethod.f there is no
correspondeﬂ_*c , determ ne the new best curve (Cgop) for the current GOP and
update as a nction of the value (C. Conversely, if the pair of current

values (thistepons!Contfrbssigh/Pbtettioh HictBBL! Abd¥riontBht.! Ne number of trials

For each degree of protection, select a collection (S) of pairs (throughput,
10 QP) on the curve (C) making it possible to comply with the throughput
constraints.
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
15 this value with the best current value PSNR.
Select the best PSNRy,, and trigger the method for coding the data with
the corresponding coding parameters (compression, protection).
Step 9.7 Control of the result of the coding method:

Store the real current value of the pair (throughput, QP) and compare it
20  with the curve (C). If there is no correspondence, determine the new best
curve (Cgop) for the current GOP and update as a function of the value
(C). | |
Conversely, if the pair of current values (throughput, QP) satisfies the con-
straints, set the number of trials to MAX.
25 Step 9.8 Has the maximum number of trials been reached, is it greater
than a predetermined value?
NO then return to step 9.3
YES
Step 9.9 Select the best coding parameters:

30  From among the pairs of real values (throughput, QP) and their corres-

ponding protection, search for the best combination which complies with



25 Step 9.8 Has the maxi mum nunber of trials been reached, is it greater
than a predeterm ned value? NO then return to step 9.3 YES Step 9.9 Sel ect

- the best coding paraneters: 30 From agong the pairs of real values
(throughput, QP) and their corresponding protection, search for the best
combi nati on which conplies with 26 the constraints and if said conbination
exists, trigger the nethod for coding the data with the correspondi ng

codi ng paraneters (conpression, protection). In the converse case, _
undert ake tthe copsiraisteeand ifisaicheombinatipn exists Heggétheamefhadifer bedt codi ng

t . | t he applicable schene (barycenter or the cl osest
Vel te of | oid I S5t e SordPharifine oD mra Dathra U HBIRRIAR AT ¢ he
codi ng par agefich)sIn BeriInvedfasd) UPtERhke Me ré?n%%e?‘ntﬁ@n@@@&a‘r?,eof.wd' ng
process cor{ﬁly with the constraints ? NO 10Step 9.11 A posteriori control
i

of the codithg:choicerpfithe hest eeding parametass aceordingatol therapplitalsle+mar gi n ei t her

by i nserti 1thin t der., ~Qr, b 0S}. progessi ng by

dgl eti ngs t %h@ pan@%%%”@%r (Wetbg qﬁ]%set@ﬁggﬁjlerﬁf@%fﬂ 't i)ﬁ’iﬁ'&%&ﬁﬁ?ﬁ Me-rar gi n

bei ng excedHed fordoBiddptHe eatanil2 tHeNebdihg bb%rﬁ@l@k@%d?ﬁpr‘é@gip ChrotecSend t he
packets generated Store the real current value of the pair (throughput,

@QP) in the tiongt of previous paifrs (throughput, QP) |f there is any,
read the negfeh@rfhiokes'the bRy RBcaSLESmbRAWRA M cHstidifts2Pt Fansm ssion.
NO '

10 Step 9.11 A posteriori control of the coding:

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

15  Step 9.12 End of the coding of the GOP:

- Send the packets generated

- Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
- If there is any, read the new feedback information about the state of the
20 transmission.
Step 9.13 Control operation for the next GOP
Blind mode
It is important to understand that the term “blind” refers to the fact that the
controller is not aware of the future, and not that it has no information. Ma-
25 nifestly a controller with strictly no information in terms of throughput avail-
able for transmission, of knowledge of the transmission conditions or of
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.
30 In practice therefore, in the “blind” mode the controller has information

about the transmission conditions but also possesses statistical informa-



Step 9.13 Control operation for the next GOP Blind node It is inportant to
understand that the term"blind" refers to the fact that the controller is
'not aware of the future, and not that bt has no information. Ma- 25
nifestly a controller with strictly no information in terns of throughput
avail abl e for transm ssion, of know edge of the transm ssion conditions or
of the multinedia coder itself could not sinply offer sonething different
fromthe default paranetrization, which has little chance of actually being
cl ose to t liiencghaunihe fvidea cadingi ¥ds @ven3missihbe dart it ¢@ hole rseihoe &noima t he

“bl'i nd" h | Ler has i nf i h i ssi
condi ¢ i ons HS 2PE5¢ M8 ctBlosl BT the i PBLH | ottt RS parBBR BRI  he vi deo

coding. |t pioyerland PeSfisditained Wwith tiedeaysrarfiiBrsk IPMrAANS RRUIYhdURe choi ce
of the previously coded steps (paraneters enployed and results obtained

W t h t hese anarqualityePs). Nafurallyrtbe ohultimediayHpta vanycwpndine, thad sigriigtur al | y
the nultinedia data vary over tine, thus signify- 5 ing that the paraneter
settingd méRd tattae pararpeter sgttingsinay inpdongen brerenresentativaofithe: curse

. : q ) ; . q
(post - pr ocdent S A Bel RS reiERng ine BERBNARIH bPAFAMENER oy s
in the "pamhértiormad (postqirstessirte operatichb WithdSuts tHepdinabble retillymone t he

statis- 10 tical know edge of the video codec so as to ensure that the
par anet er s "GCESPRYY- total |y unrealistic. Choosing the paraneters such as the

initial OPAM; tenGHiN C LORS, b : esults for
the first %thggegmf%" %Hélg]r%ﬁllga | zlgf F}%nthQSH]Fg@ga )t’\)r']lgl%g&é{)glﬁ'ﬁ?gg/aé{sﬁes for
t he conpr edicabknquledgetof the viddotdodet sedimiokensure thatithe pasdrosters laee st at e of

e o B, e SRS PSR S Shb8 AT Gt
curve (Q hathdufeniBhuRNBreS8AERY fhay in fact lead to poor results for the first
GOP.
Step 10.1 Initialization:
15  Take the default values for the compression parameters and the feedback
information about the state of the transmission

step 10.2 Sequence Identification:

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

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

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-
25 ity constraints.

Select the corresponding parameters and trigger the coding method.

YES

Step 10.5 Compression/Protection throughput apportionment:

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

constraints.



20 Step 10.3 Does protection need to be introduced at the application |evel
? NO Step 10.4 Conpression paraneters: As a function of the available

" throughput, select the pair (throughp%, QP) on the curve (C) which best
corresponds to the throughput and video qual 25ity constraints. Select the
correspondi ng paraneters and trigger the coding nethod. YES Step 10.5
Conpr essi on/ Protection throughput apportionment: For each degree of
protection, select a collection (S) of pairs (throughput, 30 QP) on the
curve (C Mle@hleﬂemeetd)fdlsé predio tipe yength bftheeGGiPralu@ﬂdelstmhems aints.

he, d
cor r caponaih a0t L fiedbet o Oy e Gl boreisiBrino ideR i deo
measur e, e%eé@ﬁédeﬂﬁnétégfmﬂe@@ptl@ﬁ dfhﬁeB@ﬁmogJopfhé@@Fﬁ% mufapar e this

value with the best current val ue PSNR Sel€ct the best P NRgop and
trigger th 'ﬁé’@ﬂ!ﬁjwﬂbﬁh%basﬁ‘@ﬁmvémpﬁm the correspondi ng coding

Ver i1y anottarorthe BebrRaNFlen ity i oy R LaRPiealiB and < ne

constrai nt $h@noﬂ‘asmrlitﬁr?g ‘cfE&inéQﬁramei&slc&Fpﬁéésﬁin erd)te@:ﬁdtillﬁnl)r ol bOf t he tCOdl ng:
Linit the thro t .Uus Max| mum val ue +margin either y inserting a
QP control SRFPHB@OHH%“Q: goding mgthadcyeri Ya\é\@é@qrﬁgeweam Bfadsi§edhe frames

whi ch | ead bquh §tvLiHTfhte H;OJdp] ut Eﬁ@%eaﬁstga ng(ﬁ] ghgg exceeded. NO 15

Step 10.8 En e co |ng o ckets generated - Store
the real cOfE@nt value of the pair (throughput, QP) in the list of previous

pairs (phr %{gg RY'7 AR dsteriori control of the coding:

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

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

15 Step 10.8 End of the coding of the GOP:

- Send the packets generated

- Store the real current value of the pair (throughput, QP) in the list of pre-
vious pairs (throughput, QP)
- If there is any, read the new feedback information about the state of the
20 transmission. |
Step 10.9 Control operation for the next GOP
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
25 either with a “normal” coding mode, that is to say for the most customary
case of compression, with Intra, Predicted and optionally Bidirectional
frames, or with a mode allowing data partitioning (for example the DP mode
of the H.264 standard forming part of the extended X profile) which makes it
possible to separate the data according to their importance in respect of re-

30 construction or else according to the frame mixing mode (FS) defined in the



- If there is any, read the new feedback information about the state of the
20t ransm ssion. Step 10.9 Control operation for the next GOP Extension

. ~allow ng the conparison of various coggng nodes: nornal, data partitioning

and frame m xing As nmentioned previously, the various algorithnms presented
may be enpl oyed 25 either with a "normal"” coding node, that is to say for
the nost custonmary case of conpression, with Infra, Predicted and
optionally Bidirectional frames, or with a node allowi ng data partitioning
(for exanplApplinantsrpatedtappliaation R 447 % 689 ar the publicatjopdoyt THALElSe[3¢xt ended

i ' i { possi . he .d di t hei
mpor t ance AopaaBats Mude B0l Aetpaet R Ghleerote aEeBftng to the frame
m xi ng node\ 6nfPle dsdkeémssh bﬂtﬁé‘Eate‘m%ér‘éﬁr@' SorRREM carpldip@tthenreshid 779

689 or the publication by THALES [3] as long as the node in question
possesses obiained feictwwnas msire e dhese cenfigurpliensduring them pbase bé “appemt

hose oon iBariart cofs el MrRlorher Baled POMeBadh S Grodhiddy ™'

t hese configurations duri ase o

t hr oughput chebsingnthedrgst arsde nNinaeichit® otitdr cohstraiite rhay eeaAfbAdcéd o best
node. In practice other constraints may be introduced to prevent overly

frequent moYEVRIKQY§IHdrequent medg ghadiging.t o 17 illustrate various trials

performed by nmeans of the method 10according to the invention. The

si mul ati ons presented herei nbel ow have been carried out for on the one hand
t he "t ot al 'Figyresdtli togt hilldstratedvasiousHdalstgerforinadcoyt theahp af theameathoddt ri al s”
operati_ng node th cases, it has been possible to observe gains of

..ln. b
severaIlOdB§CSeré%F°ag’@,'nW@qp¢espect to the case w thout adapta- 15tion
(use of therHesimliaticty pradefited) 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-
15 tion (use of the default parameters).
The “total” mode is clearly optimal, in the sense that complete knowledge
of the compression possibilities is available, as well as statistical informa-
tion about the state of the channel. Nonetheless, the system remains rea-
listic in the sense that it remains causal; knowledge of the real channel not
20  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 operating point for the system. Naturally, the optimization is as-
| sumed to operate better, except in a few exceptional cases for which un-
25 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 ITU-T, QCIF, 15 Hz sequence, first 17 GOPs.
The “partial and trials” operating mode introduced in this patent may be
compared on the one hand with the non-adapted mode described pre-
30  viously, and on the other hand with the “total” mode, which represents the

maximum quality attainable on average, since it corresponds to the best



The "total"™ node is clearly optimal, in the sense that conpl ete know edge
of the conpression possibilities is available, as well as statistical
“information about the state of the chagnel. Nonethel ess, the system remains
realistic in the sense that it remains causal; know edge of the rea

channel not 20being available in advance (only statistical values are
known). This node may be conpared with the case wi thout adaptation, for

whi ch the conpression and protection paranmeters are fixed with reference to
a given op@péslblﬁg ppedietiort. okhe: Histaryee: betwent meares;ultstd!fetheptpammaamd)n is-

assuned to b e ew X ti es, f.or which un-
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non- adapt ethe asfectivérgssseoflthel brﬂedﬁtmtﬂ?oﬁm @dnRad bisdl 8RsbleE LIS tdi s node
|n the case of a Foreman | TU- sequence, first 17 GOPs. The

"partial awalidateathe defgutien pﬁg:eﬁtaue parAMeiers sUch ras Hies ngabentof meg- be
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vi ousl yg g“ﬁ%”@ﬁcz t%?ﬁ @Hg&nakgmﬁﬂw%éﬂﬁoéggﬁ%%aggw ﬁ“gpﬁsfaet'sent s the
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ossi bl e pre kon e results of the "partial an

!to rials" pdﬂg‘a BFerPﬂ’éelTEJofaﬁEﬁmd% Hazi FEIRERCS £eAURRGSH @Rt frst nti cate to

us the eff@@pggness of the prediction algorithmand has also enabled us to

val idate the definition of certain paraneters such as the nunmber of rec- 5

omrended tests Figure 12 illustrates the gains obtained with this

oper ati.ng he evolutjon in re ct he PSNR i s

gi ven Wth % 8%?@ sq" n’%e %qi've'i tb?eﬁ’@ﬁeﬁeégﬁffé@‘@ gr?&’nFiollst 17
GOPs. 10 | RcReRR atfewsiires Bre §i g%ﬁcﬁérérﬁaﬁéﬁbyowayﬁ iRfsfafggd throughput
control scheme, a few figures are given hereinafter by way of illustration.

First of alfirstphallcihgrehartshvbishwere usaskiarer proyidedi inddgure 7 godeFigs and

it oughput Whd'3 B TReStneaRghyer HE FSRE, (A yfgh a5, Baeftn e onea

previ ousl y thidughpof amdrdrithe troughputda dindtion offthé Pa frames in the
sequences, whi ch may be seen as a specific chart for the Infra, as

i | | ust rlat ed\s WePF'Qﬂ?‘é PIeyiyly.i the infgrmatian onj thenreportioptof “m’ésf@f’@%%lr ts nake
| ¢ possibl Gy bige gga&aﬁﬁ&esa WHIGE 38 b8'saeh dSShRpeffic! et dhethy, geoure 17

20 The netho e system accordi ng nventl on ex |b| > nhotably the
fol |l owi ng dmsaatagesﬁgme télaadiin Fpgmemb'l esalso Kebt nore general case of

maki ng al | nce for an, erroneo hann to carry out timzed
apportion sgfcr{ar{és MRkP| 'élE’I‘)és‘r’fﬁ' gb ﬁ?)‘ﬁ?t BAIRESR t?FQ,Bth Red$i B#H: and to
add 25pr ot gt bP¥igiretye of the dual prediction of the video throughput

and of
20

The method and the system according to the invention exhibit notably the
following advantages: to make it possible, in the more general case of
making allowance for an erroneous channel, to carry out optimized appor-
tionment of the available throughput between the compression, and to add

25  protection by virtue of the dual prediction of the video throughput and of
the impact of the errors.

References
[1] M.G. Martini, M. Mazzotti, C. Lamy-Bergot, J. Huusko and P. Amon,
30 "Content adaptive network aware joint optimization of wireless video

transmission”, IEEE Communications Magazine, pp.84--90, January 2007.



the inpact of the errors. References [1] MG Mrtini, M Mazzotti, C
Lamy-Bergot, J. Huusko and P. Anpbn, 30 "Content adaptive network aware
“joint optimzation of wireless video §q ansm ssion", | EEE Communi cati ons
Magazi ne, pp.84--90, January 2007. [2] C. Bergeron and C. Lany- Bergot,
"Model l'ing H 264/AVC sensitivity for error protection in wreless
transm ssi ons", Proceedings of the International Wrkshop on Miltinedia
Processi ngéMVBP 06), pp.302--305, Victoria, Canada, Oct 2006. 5 [3] C
Ber geron, (2] Qaﬁﬁr&og@md C Laawy-BergoB M%i@djun@t Hl?@[dé%‘d(i seTsitjvity for
Scal abilit rou hAdatlve M Band Fllter,, nks for 264/NPEG4
AVC Vi deo é&'&ﬂt} Q%Uﬁﬂs%wj@éﬁ%aﬁaﬁﬁmﬁﬁtﬂﬂ ed S‘?“g%‘?é’l'“qﬁr 8@3@& Ate8806 (2006)
Article | DtthhSBWorkéhr%ﬂgﬁWultm{e@a PT&beTssmyi(Mﬁ@’P 5@) bl Bd2--38ly apeed vi deo

coding for generic audio-10 visual services, |TU T Recommendation H.264 and
| SO/ | EC 1449%R,10anadezQdt 2008) , Version 1: May 2003. [5] C. Bergeron and C.

pro. b vk RO 6 Erfilpd ot ob LBl A% RBssplgCrplissdl o fam  ° ™

Shanghai , @airava, So@téb/ﬁﬂyv tf%@@h hoaphile JM-BB@@“EMI@F BaFr’Ré efdfomw;sbl e
punct ur ed gnvol Ig na des (RCPC codes) and th I ication,"” in | EEE
Tr ans. ﬁﬁf’/M 5 4ﬁ/ n/idgo Gpding,3gU |Pﬁdﬁqrﬂah98 ppI@g Signals 1 - A

net hod for p}g&é eo ggggﬁm(ﬁbﬁgﬁﬁg&qgg@nﬂ pﬁgegonst rai ned envi- ronnment

conprising a vi or coding Video data to be 5
transmittedd) OhkTaandiSOHEC dTChatAdVarmmdpmdee&:oaﬁnd forsgerwiic atigip- of

det erm ni ng. on nor e ression i deo cader
consi déPedg’ sse[r}gc%,ah‘g@ﬁp 'f%oa"vﬁ ﬁ'gﬁg{ %ﬁgéﬂﬁ% r1443Rpl® DI or
for a gi venvipgbig XvO), \V’é‘rsﬂi?ﬁ'?%b?@O@B Ieast the follow ng steps: - define
and use reference charts for sald coder considered,
[5] C. Bergeron and C. Lamy-Bergot, "Compliant selective encryption for
H.264/AVC video streams”, Proc. Int. Workshop on Multimedia Processing
(MMSP’05), pp. 477-480, Shanghai, China, Oct-Nov 2005.
15 [6] J. Hagenauer, “Rate-compatible punctured convolutional codes (RCPC
codes) and their application,” in IEEE Trans. on Comm., vol. 36, n. 4,

pp. 339-400, April 1988.



10 - predict for the part of the video sequence undergoi ng conpression, and
by nmeans of said reference charts, conpression paraneters to be used, at
" | east the quantization interval QP b¥ selecting a chart in the (QP,

t hroughput) or (QP, PSNR) representat %n which for the targeted range of
t hroughput DI or of quality Q, is the closest in distance to said part of
the 15 sequence to be conpressed, while conplying wwth a given margin, -
update with an iterative nethod the prediction step so as to converge on
t he best choice of paranetrizati on,CEAIMSi terati on nethod bei ng conposed of
at | east one conpression step followed by a verification step, - conpress
the video data to be transmtted with said paraneters. 20 2 - The nethod as
claimed | n 1cLaA hdtnoBTer ApiRiising b Mie @andrhisSRIPI A5ortralRYy Bhyi" ot ecti ng
agai nst transm ssion errors, the protection paraneters being determ ned
with the cdopmestcomppsingreevides ondier adaptednipr @odimgrtheofided datiatoabe

transm ssi | .. 25 . The od as.claij;ed jn claim],

char act &r i S%E%Fﬁﬁgﬁaf;hﬁacg%fﬁ? i'Qe@gtl' Sqo&pr(ﬁesp@gﬁaﬁ{ 86%5@?9@*&?{%&' t he
final conpreidtigoBne or rhore tatpresdien Jﬁﬁaﬁie@ér%ﬂ@r itRe Glidddcédef bBghgict eri zed
in that the data to be 30 transmtted can take the formof a GOP or

groupi ng ofdered§esastrl trensmifasaid yidaqedats al amen thraughputhBuosfape execut ed

are as foll : : it allzatian . he default values for
t he conpressi onq%%ﬁ%%? re%eéHw ﬁ*ﬁ?éﬁ‘?ﬂ?ﬁﬂ"‘f@?ﬁﬁﬁ%-i on about the state of
t he transni-siefioe abideysetreferéacambes Sorodaid kedecavesidered, 5 Read for each

avail abl e realization of the incom ng GOP the information (throughput, QP)
so as tl8 obt%ﬁeﬁ'cﬁg e Pgtheeweelﬁe\ﬂyeo@ updergning grpRresent ad next GOP

Che! o e e BRLEBA8 RNER: o AL a5 g 1A whdoed
least the quantization interval QP, by selecting a chart in the (QP,
throughput) or (QP, PSNR) representation which for the targeted range of
throughput Di or of quality Qi, is the closest in distance to said part of the

15 sequence to be compressed, while complying with a given margin,
- update with an iterative method the prediction step so as to converge on
the best choice of parametrization, said iteration method being composed
of at least one compression step followed by a verification step,

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

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

25

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

step of post processing after the final compression.

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

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



As a function of the available throughput, select the pair (throughput, QP)
on the curve (C) which best corresponds to the throughput and video quality
 constraints. Sel ect the correspogging parameters and trigger the
coding nethod. 15 YES Step 8.5 Conpression/ Protection throughput
apportionment: For each degree of protection, select a collection (S) of
pairs (throughput, QP) on the curve (C) neking it possible to conply with

t he throughput constraints. 20 For each el enent of (S), predict the length
of the GOPSAeRl 8thhnitilizatiem;i ons corresponding to the frame | osses (D oss)

and deduce refr vi deo asure, estimated. on re tjo of the
pSNRgop of 1ERE et Vel 7 BB FaGesFbh RataTsae W erfeedate potR

Sel ect t he infehatfSNRooM thBGtateidIars trahsmisidiod for coding the data with 25
t he correspondiq?Pcoding paraneters (conpression, protection). Step 8.6 End

of the codiSiep 82 Parameters of thesseaueRsepacket s generated - Store the real

(thr oughput Caeplor P Aydiabls FE4HRh of he sharbiM R i AR AR a1 on
about the ¢thadugfut! OP)isoaIESTS Sistalmthe SdcuBaeDredl ¢ulRN(C)f tRRRIgAPLUEN for the

next GOP 5 - The od as clained in claim1l, characterized in that the
data to beferthRdIEXE @QQ?@%FWé%‘meﬂPﬁvel ing within a transm ssion

channel angtép 8% pabs iroteeil hegd tébﬁliﬁﬁ&?u&é?le%tftﬂlela%iegtioﬂ ghg o Step 9. 1

Initialization: Take t values tor the co ession paraneters and
the feedba®NOi nformati on about the state of the transni ssion _

10 Step 8.4 Compression parameters:

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

15 YES

Step 8.5 Compression/Protectic_m throughput apportionment:

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

20  For each element of (S), predict the length of the GOP and the distortions
corresponding to the frame losses (Dloss) and deduce therefrom the video
measure, estimated on reception, of the 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

25 the corresponding coding parameters (compression, protection). |
Step 8.6 End of the coding of the GOP:

- Send the packets generated

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

30 - If there is any, read the new feedback information about the state of the
transmission.



Step 9.2 Sequence ldentification: 100n the basis of the last {n} pairs
(throughput, QP), identify the nost prob- able throughput curve (C) for the
~current sequence Step 9.3 Nb trials +3 41 Step 9.4 Does protection need to
be introduced at the application Ieve? ? NO 15 Step 9.5 Conpression
paranmeters: As a function of the avail able throughput, select the pair
(throughput, QP) on the curve (C) which best corresponds to the throughput
and video quality constraints Sel ect the corresponding paraneters and
trigger th%t@@é%gonﬁok@mﬁr&lﬂm farshstnext S@P Conpr essi on/ Prot ect i on

t hroughput apportionnent: For each degree of protection, select a
collection (S) of pairs (throughput, QP on the curve (C) making it

possi bl e t g cqmeletdoidad biRirh&d f/eRRHL, féh'&?édtéhﬁd?rn that tHe 8ahohement of
(S), predict the Iength of the GOP and the distortions corresponding to the
frane | ossé@n@wm)ar%wwe@edlaiaetra\rﬁémgfWtﬂnrntméramsmmm@hanael ayd iimat ed on

reception re this value with the best
current g)valﬂﬁj)éet |f3%ﬁ&g§é\@98@8$ %Qgﬂ%ggts(?%mop and trigger the nethod for
codi ng t he Step 8. Writial3@tibme correspondi ng codi ng paraneters (conpression,

pr ot ectlon Ste 9.7 Control of the result of the codi nmet hod 35
Store the @5? tegﬂeéﬁﬂ" valhes fofrth ?tf@"ﬂ)%’ieﬁspﬂkﬁ%ﬁ@'ﬁ"&%fﬁ a’G#eafﬁédb@ﬁbare i t

with the c I Wence det erm ne the new best
curve (Cgog%%é@%gb%ﬁtbgns?at%ﬂ date as a function of the value (O).
Step 9.2 Sequence Identification:

10 On the basis of the last {n} pairs (throughput, QP), identify the most prob-
able throughput curve (C) for the current sequence
Step 9.3 Nb trials += 1

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

15 Step 9.5 Compression parameters:

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

20 YES

Step 9.6 Compression/Protection throughput apportionment:

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

25 Fof 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 PSNRy, and trigger the method for coding the data with

30 the corresponding coding parameters (Compression, protection).

Step 9.7 Control of the result of the coding method:




5Conversely, if the pair of current values (throughput, QP) satisfies the
con- straints, set the nunber of trials to MAX. Step 9.8 Has the maxi num

" nunber of trials been reached, is it ggeater than a predeterm ned val ue? NO -
then return to step 9.3 113 YES Step 9.9 Sel ect the best coding paraneters:
From anong the pairs of real values (throughput, QP) and their corres-

pondi ng protection, search for the best conbination which conplies with the
constraints and if said conbination exists, trigger the nethod for cod- 15
i ng the datSowd the réamd mmmbﬁ@&@airr@;magﬁpnt é?B) endrqmms?ieoih,
rotection)..ln the ¢ erse case, undertake the refinengnt, if necessary,
gf t he choi)\'@g1 ?Wegggtﬁi%%ﬁen'a N eQEEoﬁjﬁﬁeH@"l%ﬁpn’ae‘%{ﬁﬁq?cabl e
schene _(barcme\eél(@?o@)r fdrhthe UPES IGOR! &19d QbdSRR 4d-a funchibA difthedriiub he met hod
for coding the data with the coding paraneters (conpression, protec-
20tion). Step 9.10 Does the coding process conply with the constraints ? NO

2 o mim SRRt g B8t REFuBint s ihflanet SoPy saferss BERRRA (he ' °
coder, or l:syrams,tseirth@aambwdamglgk@m,aog the frames which lead to the Iim’t
g; Eﬂg %Osuggpgué Ijlag%g Irr?a)?ir%‘un n%)ér?beeerdoefdfria\lgEgeggergagheldz, iEni(t]I gcr)éatterr]e coding
than a predetermined value?
NO then return to step 9.3
10 YES

Step 9.9 Select the best coding parameters:

From among the pairs of real values (throughput, QP) and their corres-

ponding protection, search for the best combination which complies with

the constraints and if said combination exists, trigger the method for cod-
15 ing the data with the corresponding coding parameters (compression, pro-

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

the choice of the best coding parameters according to the applicable

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

thod for coding the data with the coding parameters (compression, protec-
20 tioh). _

Step 9.10 Does the coding process comply with the constraints ?

NO |

Step 9.11 A posteriori control of the coding:

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

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

YES

Step 9.12 End of the coding of the GOP:

- Send the packets generated

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



- Send the packets generated 30- Store the real current value of the pair
(throughput, QP in the list of pre- vious pairs (throughput, QP) 36 - If
"there is any, read the new feedback i nkormation about the state of the
transm ssion. Step 9.13 Control operation for the next GOP 6 - The net hod
as claimed in claim5, characterized in that the nunber of trials is chosen
at nost equal to 3. 7 - The nmethod as clained in claim1, characterized
in that the data to be transmtted take the form of a grouping of inmages
and in t hat- If thererip@nyersadithet ngw deedhank infdrmationcatxiut pise State of Ahé

Initiali zatt' - Tﬁée the default values for the conpression paraneters and
t he feedbachaqﬂ[%m%?' tion about the state of the transm ssion Step 10.2

Sequence | @3tapid 13 @lon@dl opdfafBn itetheasdd gdpt he | ast {n} pairs (throughput,
QP), identify the nost prob- able throughput curve (C) for the current

sequence Step 10.3 Does protection need to be introduced at the application

avai | abPe (hr agnaeioar Eapld BT dialagiafited et B bhiFeiare (o)

whi ch best tralsrieshosets at moshequditedghput and video quality constraints.

7 — The method as claimed in claim 1, characterized in that the data to be

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

Step 10.1 Initialization:

Take the default values for the compression parameters and the feedback

information about the state of the transmission

Step 10.2 Sequence |dentification:

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

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

Step 10.4 Compression parameters:

20  As a function of the available throughput, select the pa'ir (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.
YES

25 Step 10.5 Compression/Protection throughput apportionment:

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

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

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



Sel ect the corresponding paraneters and trigger the coding nmethod. YES 25
Step 10.5 Conpression/Protection throughput apportionnment: For each degree
" of protection, select a collection (Sy-0f pairs (throughput, QP) on the
curve (C) nmaking it possible to conply with the throughput constraints.
For each elenent of (S), predict the length of the GOP and the distortions
30 corresponding to the franme | osses (Di oss) and deduce therefromthe video
37 nmeasure, estimated on reception, of the PSNRgop of the GOP, conpare this
val ue wi t h nnéasures estimateshonweceptidctENiE. thBePENR b of ties (ICOBNBgmpaaed tri gger

t he net hod for codi the data wi.th the_caorrespondi ng codi ng paraneters
(conpr essi OAIS V&ﬁfﬁWﬂﬁit%‘ﬁ%?séc%fgﬁlvf@?%.ﬁ%'ng the codi ng method, verify
whet her t hesgibEaRe) R PSR, & AR E@@;WAHS rh8hobYoP el th%fkg‘?téhﬁith

constraints on margins? YES_°§t ep . posteriori control the codi ng:
Linit the thecayappendisggodingsparariaiens (campsessien,giratestionpr by inserting 10

t PRy oder .. or ost .pracessi by deleti,ng the franes
Shich | Sad 18Pt 19:6 i 6 Fring mmelfighy et EERH Bk PYeD, Sbetiad "Ro St ep
10. 8 End ofcontisticeamttinthedthréithpaPBnd the SB8AStraiRe dnpteimsgenerated 15- Store
t he real Ct{(rErSent val ue of the pair (throughput, QP) In the list of pre-

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:

- Send the packets generated

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

20 _
8 — The method as claimed in one of claims 5 énd 7, characterized in that
having chosen the parameters to be used for the coding operations (com-
pression, protection), the coding is carried out, a post-processing opera-
tion is executed which will correspond to cutting off the last frame or

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

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

30



vious pairs (throughput, Q) - If there is any, read the new feedback

i nformati on about the state of the transm ssion. Step 10.9 Control

" operation for the next GOP 20 8 - The gethod as clainmed in one of clains 5
and 7, characterized in that having c%osen the paraneters to be used for

t he codi ng operations (conpression, protection), the coding is carried out,
a post-processing operation is executed which will correspond to cutting
.off the last franme or 25 frames (having the | east inpact on the sequence).
9 - The netlRod The roethiodeas cliroediimode aftciaiast 41t Zedharactdridedt inethpost

rocessing,step is _executed,at the |level of t coder, typically leadin
Do the. H %8 PRok-SoBHEMY Boad skl pitrodmoaidieiricu ey By ltibrane. | 38
10 - The nptbegeas 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. 5 11 - A systemfor optimzing a video transm ssion in a constrained

envi rongent, ,Co LS V] . coder . adapted. for codin he videa data to
be t rang‘rarj bﬂea:m% k%tbﬁg{og %déﬁ'ﬁ'g'"@rgﬁfé‘?ﬁaq ﬁEBSWfS§'°£ E‘oﬁtﬁ?ﬁ‘shﬁmegne%ﬂénnel ,
char act eri zetinent eébaprisihg eoVided $RYerdhprel foP BEdIRGARE VI §8RoHE N 2
processor suitable for executing the steps of the nmethod according to one
of O ains i@psmitted, the data being transmitted via a communication channel, cha-
racterized in that it comprises at least one coder provided with a processor
suitable for executing the steps of the method according to one of Claims

10 1to9.



