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proposes a control nethod making it pogsible notably to effectiygdy
determ ne the best allocation of the available bit rate between, on the one
hand, the conpression of the video data and, on the other hand, the
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adapt the bit rate of the video streamto be transmtted to a nunbér of
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matching of the compression parameters to the transmission conditions of
the different users. To this end, the invention also applies to the field of the
broadcasting of video signals through imperfect transmission channels, that
is to say channels that are subject to transmission errors and/or to a variable
and constrained available bit rate.

The objective of the invention is notably to propose a dynamic and
adaptive method for controlling the compression parameters for a
compressed video stream having a number of spatial or temporal scalability
levels which correspond to different resolutions. Such a method makes it
possible to adapt the bit rate of the video stream to be transmitted to a
number of users or to a single user via a transmission channel which
experiences available bit rate vériations which are significant over time.
Another objective of the invention is to perform an optimized allocation of the

bit rate between, on the one hand, the compression and, on the other hand,
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“I'nthe case of a nmultinmedia conmunication over a link that has a
constrained bit rate and is subject to propagation errors, the optim zation.
relative to a nom nal operating point of the systemis broadly sub-optimal
because it does not take into account 4he variations of the conditions of
the transm ssion channel, nor does it take into account the content of the
multimedia streamto be transmtted. The net hods and t he devi ces
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*The benefit of the invention is notably that it provides tools allow ng for
t he objective conparison of the perceived quality for each resolution
transmitted in the conpressed stream and thus nakes it possible to assist
in 4 the decision of the choices of cenpression paraneters associated with
each resol ution. To this end, the subject of the invention is method
for determ ning coding paraneters of a variable-resolution video stream by
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for each said resolutions, determning, for each user (U ) associated
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of error Pei, and f h i I, abl L.uti on G ' . o]
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plane equahettepodéh%ohgtr?etwml{ ah8%46'a number of users. The determination of the

parameters is done, notably, according to the needs of the users and the
constraints, known a priori, of the transmission channels. The proposed
method is implemented, for example, through a device called associated
controller, the object of which is to determine and supervise said
compression parameters.

The method according to the invention also makes it possible, for a
given user receiving a compreseed stream offering a temporal or spatial
scalability, to assist in the decision regarding the choice of the subset to be
decoded as a function of the perceived final quality. Furthermore, the

" invention remains compatible notably with the prior art solutions of ACM type
for which it acts as a complement to the protection providedvby this type of
solution. With an ACM method causing the bit rate of the transmission
channel to be made variable, the method according to the invention adapts,
in this case, the useful bit rate of the transmitted stream according to the
variable bit rate of the channel.

The benefit of the invention is notably that it provides.tools allowing for
the objective comparison of the perceived quality for each resolution

transmitted in the compressed stream and thus makes it possible to assist in



“excl uding from Said representation the users U which have a perceived

qual ity val ue bel ow the acceptable m nimumthreshold Drm 5  eval uating
the function f which links the useful bit rate to the total bit rate on the
basis of the representation of said usérs (U ), if the function f is
strictly increasing for all the users (U ) considered, then ranking the
users i n honogeneous groups according to the perceived quality, the users
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if the func%l on IS not stri ctry I Ncr easi ng or at |least two consecutive
users (UOresplutienecuting at |east one of the follow ng steps: i. nodifying

t he choi ce of the resol t onreta |nth step f of said
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e initializing the parameters representative of said video coder, at
least the maximum number Cpax Of resolution layers, the minimum
acceptable quality Dmin and the maximum achievable quality Dmax
for each of said resolutions,

e determining, for.each user (Ui) associated with a transmission link
having an available bit rate d; and a probability of error Pe;, and for
each available resolution C;, the pair {useful bit rate, protection
efficiency} which offers the best perceived quality on the basis of
said reference charts,

e retaining, for eabh user (Ui), the resolution Cpest Which offers the
best perceived quality and representing said user (Ui) in the x-axis
plane equal to the useful bit rate and y-axis plane equal to the total
bit rate,

e excluding from said representation the users U; which have a
perceived quality value below the acceptable rhinimum threshold
Drmin,



*prot ect i ng said video streamby applying said protection parameters to it.

In a variant embodi ment of the invention, said conpressed video stream
consists at least of | frames and of P frames and the perceived quality is
determ ned on the basis of the followimg relationship: AN CDR), _
Pc)P*"'"'" .Do+ e=0 k=l CNc,1 , E, E[1111 o Pc)-4(2 - )"'""" (2 -(1 -)Dhi",1
, k.41=1

e evaluating the function f which links the useful bit rate to the total
bit rate on the basis of the representation of said users (Ui),

e if the function f is strictly increasing for all the users (Ui)
considered, then ranking the users in homogeneous groups
according to the perceived quality, the users of one and the same
group being associated with the same resolution Cpest,

e if the function f is not strictly increasing for at least tWo consecutive
users (U0,U1), executing at least one of the following steps:

i. modifying the choice of the resolution retained in the step for
at least one of said users (U0,U1),

ii. replacing said users (U0,U1) with a virtual user (U'a) for
which the total bit rate is equal to the lowest tdtal bit rate of
said users (U0,U1) and for which the protection efficiency is
equal to the minimum protection efficiency of said users
(U0,Ut),

iii. eliminating from the ranking, the user which has the highest
total bit rate,

e determining, for each resolution layer of index i and in ascending
order of the resolution level, the compression parameters, at least
the quantization step (QP), and the protection parameters, at least
the efficiency (R) of the correcting code, on the basis of the
reference charts, the quantization step (QP) being determined
relative to the lowest available bit rate among the transmission
links of the group of users to which said resolutién layer of index i
is assigned, the efficiency (R) of the correcting code being
determined as being the lowest efficiency among those allocated to
the users of said group,

e compressing said video stream by applying said determined

compression parameters,



in which Nis the nunber of inmges in a group of inmages (GOP), Cis the
nunmber of resolution layers, ni,k is the size of the kth resol.ution |ayer
of the it) P frame, Dioss i,k is the distortion observed when the kth
resolution layer of the ith P frame i |ost whereas the preceding franes
are correct, Do is the average distortion of a group of inmages w thout
error, 13i,k is a predefined paraneter Pe is the probability of error on
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enbodi nent of the invention, thq nmet hod according to the invention also
conprises a step for checkbn ' ml C}E?h@'f& _Bonpr ession paraneters, which
consists at least in deterff percei ved‘quality netric of the vi deo
stream and checki,ng that, thi s rTEM’I cis greater thap Dm n and | ess than
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accordi ng to the n al'so nprises a step of addi ng additional
protection (910) using a correcting coding mechani sm al | owi ng for

I ncr enent g, \K/F?’@H'W%‘%{e number of ind@ge&ain angroaplufdnregyes (BOPheCiiavbat i on,
said video stream has a vari abl e spatial and/or 4 enpo r.al resol i_Of and/ or

vari abl e rmgobet ofoﬁespwtipéﬂméeréf nguathe pize of the k' Litﬁ)é‘ lay8 % €df the
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vari abl e-r'e ged gam C erized in that it conprises at
least a viflep gafRy iQncstawhassHc it qﬂecedmgoiramsl aee sormeabl o figrthari vi ng
sai d video coder by executing at |east the ? eLRser%rt e‘geat h?éjde%ﬁ\%gr ding to
t he i nvent avgrage distortion of a group of images witho ik 8)
parameter, P, is the probability of error on the transmission link.
In a variant embodiment of the invention, the distortion Do is equal to
the signal-to-noise ratio PSNR. |
In a variant embodiment of the invention, the distortion Do is
determined as the difference between said compressed video stream at a
given resolution and said noncompressed video stream at the maximum
resolution among those available.
In a variant embodiment of the invention, said homogeneous groups
are determined in such a way that a given minimum quality difference exists
between each group.
In a variant embodiment of the invention, the method according to the
invention also comprises a step for checking the choices of compression
parameters, which consists at least in determining the perceived quality

metric of the video stream and checking that this metric is greater than Dmi

and less than Dpax.



o het features will becone apparent on reading the follow ng detailed
description, given as a nonlinmting exanple in Iight of the appended

drawi ngs whi ch represent: figure 1, an illustration of the principle
of tenporal and spatial scalability off a conpressed video stream

figure 2, an exenplary calculation of a quality estimation netric used by
the nmethod according to the invention, figure 3, the illustration of

the inpact, in terns. of variatio f the vide LIy, : f
frames in a coit aorengaitagmeel el A elie e bl aclbrdily ¢ i ©
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figure 4, the E;é:ncyple of a first type of chart representing the video
qual ity asoretiingce@ngsnechanismaienwng f¥ingegpdtal redypeaRey-5." the principl e

of a second tyfp pl AR LRGARER bF thiinl SRR LA Wisdd Srgbin et

expressed as a ction-o e quantization steps, figure 6, a nethod for
sel ect i ng varigblengpatiat and/cs tempbra mresolutibr cadios vahiabte, resolutionfindemes 7a, 7b,
7c and 7d, .a refinenment of the choice of quantization step to be used when
a number &f 4@t i zati on paraneters can be used, 8 figures 7e and

7T, two exenpl ayo 1ied ispefERRtcT tAE ihfentidivisca Sfstarpaot idetdrnuningt eqaing be used
when a nunber of quantization paraneters are candi dates, . . .
parameters of a variable-resolution video stream, characterized in that it
comprises at least a video coder and an associated control device suitable
for driving said video coder by executing at least the steps of the method
according to the invention.

Other features will become apparent on reading the following detailed
description, given as a nonlimiting example in light of the appended drawings
which represent:

figure 1, an illustration of the principle of temporal and spatial
scalability of a compressed video stream,

figure 2, an exemplary calculation of a quality estimation metric used
by the method according to the invention,

figure 3, the illustration of the impact, in terms of variation of the video
quality, of the loss of frames in a GOP; this quality is evaluated by a
measurement of the distortions corresponding to frame losses or PSNR on
partial GOP,

figure 4, the principle of a first type of chart representing the video
quality as a function of the quantization steps,

figure 5, the principle of a second type of charts schematically
representing thé bit rate expressed as a function of the quantization steps,

figure 6, a method for selecting a quantization step from a reference
chart,

figures 7a, 7b, 7¢ and 7d, a refinement of the choice of quantization

step to be used when a number of quantization parameters can be used,



‘figure 8, an exenplary chart representing the video quality as a function

of the quantization steps for a nunber of resolution |ayers, figure
9, a flow diagram describing the steps of the method according to the _
i nvention, figure 9bis, an illgstration of the ranking of the users

of the systemaccording to the useful and total bit rate allocated to each
figures 10a, 10b and 10c, exanples of use of the charts generated in order
to determne t t ntd,zat s td r
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101 is obtaiH he preceding two |ayers the information
needed to swi td-'ngtﬁrreoﬁnst:herrteﬁca&y tepnpeenis aneesrpledf tempora a spatidnpor al

resol ution. Gener al | the re r [ |y
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the spati aéode‘?%@Mﬁh‘aﬁﬁ\ﬂW|tﬂrth§fH Q@MB\B@ Video S@mpréssm sﬁaﬂdpm fasrd%ded)et ween a
level i layer and | evel i+1

ition tg the t or spati al
scal abi | i tip,tha reﬁed@rmce:dﬁb’rTRm é‘ﬁ?@‘é" é%OHECdéé4%67é§ %Weﬁrcgm L&b- cal | ed
quality or, 5%% aIPR é%h@re ?ﬁ?ﬁ)réf%dal%'trlebw co rB:‘s?oﬁ&P@ R§ the

scal abi |'i t95 e conpresse treaminto a nunber
of layers @Hg?ﬁélhli@éo fyegﬂéh@élwtt&lé:gl\mnapailahganddemwrplemselutl@ﬂ godhety and,

ndirect] yéontpaery appprloldgce Cé\)rrrs)trrgasns'1I ?Ivnhlér?t contains a number of nested and
hierarchically organized subsets. The first subset contains the information
concerning the lowest pair of spatial and tempqral resolutions, this first
subset commonly being called “base layer’. The following subsets contain
the additional information that makes it .possible, in combination with the
‘preceding layers, to produce a sequence with a higher spatial or temporal
resolution level. This is then a layer of extra resolution of level i, i being a

strictly positive integer, called “enhancement layer i". Figure 1 represents an



‘Herelnafter in the description, the concept of scalability is illustrated
only by tenporal or spatial exanples, but obviously, the invention, as
described, applies equally to a conpressed stream having a nunber of
scalability layers in terns of quality alone or in conbination with a
tenporal and/or spatial scalability. Such a conpressed stream havi ng
scalability can therefore be decoded with a nunber of different

resol utions. Since, ,each subset is indepe r | I b
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latter is ‘:gjirgfc?@\eb{yrekgéinﬁgﬁ/g%%ﬁé%éqmrméﬁb@rmeéﬂddttd.’) ansteh S thst eps

through a sy channel . TF erceived quality therefore results froman
obj ect i ve ésHE tempora! resmutiomicothevi) b tegippealrak@utioiz best account of human
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layer. In addition to the temporal or spatial scalability, a video coder 100 can
also be designed to produce a so-called quality or signal-to-noise ratio (SNR)
scalability. This type of scalability has the effect of splitting the compressed
stream into a number of layers organized hierarchically according to the
perceived quality and, indirectly, the applied compression rate.

Hereinafter in the description, the concept of scalability is illustrated
only by temporal or spatial examples, but obviously, the invention, as
described, applies equally to a compressed stream having a number of
scalability layers in terms of quality alone or in combination with a temporal
and/or spatial scalability.

Such a compressed stream having scalability can therefore be
decoded with a number of different resolutions. Since each subset is
independent of the others, it can also be transmitted over different
propagation channels and therefore be subject to losses and/or errors with
different statistics. |

One of the objectives of the present invention is to optimally and
dynamically determine the -compression and/or protection parameters
associated with a stream of compressed video data that offer temporal and/or

spatial scalability. The criterion used to make the allocation of said

parameters optimal is the final quality perceived by the user. In a context of



‘M X Qin whichM Q are the dinmensions (w dth and height) of the video

i mges, and pl (i,i) (01*) gives the Ium nance of the pixel at position
(i,j), original or reconstructed, in the inage. The

measur errent of the PSNR presents certgyn drawbacks when the aimis to
measure and conpare the perceived quality of one and the sanme video
sequence at different spatial or tenporal resolutions as may be the case

for a conpressed streamthat. has.a resal uti hierarc [ ice, this
measur enent9§%% &?%egﬂagc%%fﬂgar\’i'%o% 'i?tef‘?éeeq%%& gﬂéf %\T&? l%&m%ggﬁéaoﬁd
requires ind@Rbike dhe resiplaHti s nbokmsvielhe dfothenkieled seduameet oxginplly i son.
Furthernore, even by filtering the I owest resolution in order. to be able to
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by the huresulgy&om an objettiveoredtimationt dke amcouwhiaf i ke takenthatbest t he

imge as a whole, a netri¢ nore finel del i ng.t he behavi human
eye can beGEAVNLAGRIFMARYI-IQR, Irﬂe%?”r?ﬁiﬂqgr?@m’% "W?lgfu emggfag[ﬁl&ap?on of an
obj ecti ve {pardipidid umldtion SEpéiceivedi §eslity & PONRY anGcesyrastaridieg sane

video 11 sequence at different resolutions is presented in the follow ng
par agr aph.foTfpeakesigna@tte-naise ratind, which isra measuge@ent of distafiien 48880 t hat any

type of nefric.allow ng for_ an_.obj Y l&gg- Of : &¢I ved
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met hod according to the invention which is;the subject of the present

appl i cation. . Figure 2 schmiﬁdélo‘qu(j presents the calculation steps
perfornmed to estinmate the perceived .quali 37 bet ween a reference i mge X
201 and the sane inmage y 202 subjected to distortions due to a |oss

conpr essi on or tok?%tl Srtp86ijonpldveY a channel subject to disturbances.
‘Tace

Sai d i nages are ex g fromagvi deo,sequence. The tric d lies on
a cal cul gtiFoWhtCHat eval uat es theQIvum' n&hc saffn?‘? ﬁﬁmggg'tobss(t“ga@f abﬁe i mages
of the T ef GEighq®f RAUEBE Imdlds odnd PR3 p519eI06s B8 Rinlinaned bthelixelziccessi ve
conpression, “reception and decodi ng steps. An estimation of the structure
of the conpasitiorofi,j), beginabos mpeestresteds infhedM@@&e in order to take into
account the informtion avai } . i t bein
i ted to ] ust TERENRLEHE BhE.AONR B BT AntEk S uferiet el no
measur enengindfs tmdagiidrana cotfisaref thehserceivet rugity bb operdrat thedsamer

exanmpl e by cal culating an estimate . .
. “video sequence at different spatial or temporal resolutions as may be the

case for a compressed stream that has a resolution hierarchy. In practice,
this measurement is based on a comparison of the pixels of two images and
requires identical resolutions to be able to make a coherent comparison.
Furthermore, even by filtering the lowest resolution in order to be able to
compare it with the highest resolution, the influence of the filtering leads to
results that are unsatisfactory and “uncorrelated with the subjective
measurements which are closest to the quality actually perceived by the
human eye.

In order to take account of the contént of the image as a whole, a
metric more finely modeling the behavior of the human eye can be
envisaged. An example of implementation of the calculation of an objective

perceived quality metric suited to comparing one and the same video



of the average intensity. The result of this measurenent

204 fromeach of the inages in order to produce a new i nage signal
a measurenent of the contrast 205 is perforned, for exanple by a
cal cul ation of the standard deviati ompf said signal. Finally, a

normal i zati on 206 is perfornmed by dividing said signal

of the contrast 205 perforrred The new signal resulting fromthis

nornal i zati on corresponds t '
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a conbl nat1on system 210 ‘produces, fromthe three conparisons, a

12 respect to the

reference | MR 208 X solbiBulB] Ihrb ol Y AGtt] Bps et ahiaiag

estimate the perceived -quality between a reference image x 201 and the

same image y 202 subjected to distortions due to a loss compression or to a

transmission over a channel subject to disturbances. Said images are

extracted from a video sequence. The metric used relies on a calculation that
evaluates the luminances and the contrasts of the images of the reference
sequence and of the sequence obtained after the successive compression,
reception and decoding steps. An estimation of the structure of the content of
the two sequences is also made in order to take into account the information
available in the sequence as a whole without being limited to just the
information contained in an isolated pixel. A measurement of the luminance
203 of the two images is performed, for example by calculating an estimate
of the average intensity. The result of this measurement is then subtracted
204 from each of the images in order to produce a new image signal on
which a measurement of the contrast 205 is performed, for example by a
calculation of the standard deviation of said signal. Finally, a normalization
206 is performed by dividing said signal by the measurement of the contrast
205 performed. The new signal resulting from this normalization corresponds
to an estimate of the structure of each image.

The respective results of the three measurements of luminance 203,
contrast 205 and the normalized signal representing the structure of the
image are supplied as input to three comparison modules. A first module 207
compares the luminances of the two image signals 201, 202. A second
module 208 compares the contrasts and a third module 209 compares the
structures. Finally, a combination system 210 produces, from the three

comparisons, a metric of the perceived . quality of the image 202 y with



in which 1(x,y) represents the conparison of the |um nances of the signals
x and y, C(x,y) represents the conparison of the contrasts of the signals x
and y, S(x,y) represents the conparison of the structures of the signals x
and y, and the coefficients a, 13,y ar®strictly positive integers
determined by sinulation. The function for conparing lumnances is, for
exanpl e, given by the followng relationship: G I (X ,..Y)(2 ) tr2

respect to the reference image 201 x. This metric is formulated using the

following relationship:
M (x, ) = 1(x, )" c(x, )P sy

in which I(x,y) represents the comparison of the luminances of the signals x
andy,
C(x,y) represents the comparison of the contrasts of the signals x and y,
S(x,y) represents the comparison of the structures of the signals x and vy,
and the coefficients o,B,y are strictly positive integers determined by
simulation. '

The function for comparing luminances is, for example, given by the -
following relationship: .

2p.u,+C
i(x,y)= m @

in which p, and py are the average intensities of the signals x and y, and C4 is
a constant determined by simulation.
The function for comparing contrasts is, for example, given by the following

relationship:
Z.O'_:.O", + ("'2-

ez, y) = ——me—— (3
(.3 cff+o*§+cz(3)

~ in which o4 and oy are the standard deviations of the intensities of the signals
x and y, and C. is a constant determined by simulation.

Finally, the function for comparing structures is, for example, given by the'

following relationship:

o,
s{x, y)- ‘LC (4)

in which o,y is the coefficient of correlation between the intensities of the

signals x and y, and Cj is a constant determined by simulation.



in which lix and i_ty are the average intensities of the signals x and vy,
and G is a constant determ ned by sinulation. The function for conparing
contrasts is, for exanple, given by the followi ng relationship: C2Y) = 22
(3) in which Gx and Gy are the standat3l deviations of the intensities of
the signals x and y, and 02 is a constant determ ned by sinulation.

Finally, the function for corrpari ng structures is, for exanple, given by

e o} MMl 0 W Borveld QI i 8 M) g by ahady 3
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In addition to the influence of the compression steps, and notably the
quantization, which is measured by the perceived quality estimated according
to the metric described previously, a video sequence may also be subject to
disturbances linked to its transmission through an imperfect channel. This is
referred to as the perceived video quality on reception, or PQoS, quality of
service perceived by the final user.. |

As was proposed in the reference [1], the expression of the average
that is hoped for the end-to-end distortion after the coding of the source, the
packetization in the network, the channel coding operation, followed by the
impact of the channel (modeled) and the converse operations, can be used
as a measurement to compare different embodiments in the
compression/protection choices for the sequence to be transmitted.

So as to obtain enough data to work, and to do so in particular in the
case of an application with protection unequal to the errors, for which it is
important to predict the relative proportions of each of the partitions, but to
ensure that the prediction of the compression bit rate works and above all is
averaged over a number of frames, the optimization proposed hereinbelow is
executed on the basis of a bit rate calculated group of images (GOP) by
group of images. Without departing from the framework of the invention, it is

_obvious that, with minor modifications, the explanations below can be applied
to images that do not consist of groups of images but which are in another
format.

_ The document [1] teaches that the “sensitivity” for a GOP made of
intra | frames followed by N predicted P frames is expressed by taking into
account the fact that, in practice, the sensitivities of the P frames depend on
the preceding frames: if a P frame is not correctly received, then the following
frames, even if they have been transmitted correctly, will not be correctly
reconstructed. The term sensitivity for an image or a frame here refers to the

measurement of the distortion introduced relative to the uncompressed



“13 Measuring the perceived quality of a flux having scalability and
transmtted through a constrai ned environnent In addition to the

i nfluence of the conpression steps, and notably the quantization, which is
measured by the perceived quality estli4dmted according to the netric

descri bed previously, a video sequence may al so be subject to disturbances
linked to its transm ssion through an inperfect channel. This is referred
to as t heo@@ﬁ%l%éf?& s\éh%ﬁceﬂ%kﬁé ¥aSWHREERhé PRag8lorfRe danakired ief service
per cei ved he fi1nal user. As was proposed in the reference [1],
the expr elst oneubrechdnarectie it iragssumadpedhe salauatiasnet the- /MWt or ti on

after the, coding of the saur e et : i i t t he
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sequence subsnsiuenhifammesttepecome negligiplgs B% ”BB?%\ti(% Bﬁ&ﬂ%‘i{“@%ﬂ ﬁa[[n(?swork, and
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of a bit baidctedl Pinat kst the evprafe disrgton OEARBOBY group of inmages. Wt hout
departing fromthe framework of the invention, it is obvious that, with

m nor rodi ficatj ons’ t_-hewexpl.an Xt "'@ﬁ__@g.l-wqw_garg)bq@gpl ied t® inmages that
do not consi st %f” g;ultgupé' of i m%gﬂbut whi ch are in another format.
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preceding frames: if a P frame is not correctly received n _
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cal cul at i gHORADIitYOf SBRETRT PRI Fhat, when a frame is lost, its partial
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negl i gi bl el —Bge 0.2pand b B hed.pbpdeappearsthaethepaed NP capt e HEsd

correctly received js cons ent | keng i . AC b j a
pr obabi | %ltRfoﬁ'gﬁéitgP{)rfgf nt%gﬁbqb?é/@i Sngf gﬁ%%'&ogﬁﬁ:gr )rpéc?g%?n"rﬁ?% | eads
to the eXFHigt%&idNbbsl‘éN/ed B ehtthB FaPdframdas et qumneas thve preedingtframes

0

redi cted rmat for the average distortion of aoP
P )are correct Pus and finally theg average distortion of tﬁe error-free GOP D, are

known.

The relationship (5) therefore defines the average distortion of a GOP
in the case of a cémpressed stream having a single resolution.

As introduced previously, a new generation source coder can
generate a compressed stream which intrinsically has a number of
resolutions, temporal and/or spatial, nested in hierarchically organized
subsets. In the case of such a stream, the average distortion of a GOP can

be evaluated by the following relationship, adapted from the equation (5):



" N(1_A+P..)4").1)(64111(5) 1-41.with [I; being the size of [ -
with Diossi being the distortion obse£ved Wneg the th P-?ratrgei Ist lhOSPtfrarre,
whereas the preceding frames are correct, with D'D" being the average
distortion of the error-free GOP, wi 1B 0, being the fraction of the frane
whi ch can be partially noise-affected without desynchronization of the
stream and for a channel without nmenmory with a probability of error for the
bit Pe. Wth the expewl ntal yal ues estimated in [2] for the
parameters Pi, or: 1 D403@= Gnd.Y ‘“HQN zz, 0.15), it appears that the
g::];gt Io?nt ES) can be used pr@mxeted t hat , for all the i, the values of the
et B-fYane Ria @LQI pheer, d nthe it" P-f i
| ost mhereai%ﬁ?zqm@eﬁhg ﬁglme are ct D\gfr‘fﬂ i%ally t he averglgreTE IS-
distortion &f *thed &rror-free”GOP Do are knovvn - The relationship (5)

therefore E5qithe rRIEHSIS dssuabhi fin #hdSEbm pEsEET
corrpresse\gggdr gamghagl ng a si nglbgmrgsé%rlg(%m Ipresslaael Sit rodﬁc -
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e case o such a stream the average
di storti opf m‘e @ I@'ﬂ%rﬁans b@stewadamasade ecaading draroes wge eI
fromthe equation (5): mr ° o reerat dﬁ%fhl%, adapted

being the average dlls?ortl\llor? of the error-free GOP, with By being the fraction
of the frame Wthh may be partially noise-affected without desynchronization
of the stream and
the bit Pe.

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

d for a channel without memory with a probability of error for

expression of the probability of error P, will also have to be established. For
example, the use of rate-compatible punctured convolution codes (RCPC
codes) on a Gaussian channel with decoding at flexible inputs enables us to

use the limit of the probability of error established in [3]:

P S]— z a, .
P,

With dsee being the free distance of the code, aq being the number of existing

=1 !' Ey
= 3o being the probability for an errored path at the distance

paths,
d to be selected when SNR = Es/No.

Similar expressions can also be established for a data partltlonlng or.
frame mixing modes, modes which can, in particular, be used in the case
where a protection unequal to the errors is considered, such as the one

described in the Applicant’'s patent application FR 2 903 253.

Estimating the partial distortion length and inform_ation
To determine an estimate of the average distortion of a GOP using the

relationship (6), it is first necessary to estimate the respective lengths of each



N.. ©4) EEEnn(i-Po-Pe)A "j),Di..,] (6) j.0O with C being the number of
resolution layers in the conpressed stream (0=1 in a single-resolution
case), ni,k being the size of the kth resolution layer of the ith P-frane
Dl oss, |,k being the distortion obserhbed when the kth resol ution |ayer of
the ith P-frame is lost whereas the preceding frames are correct, wth Do
being the average distortion of the error-free GOP, with 131,k béi ng the

fraction Qalétﬂﬁtyﬂé?%ﬁmgﬁihc&dm&‘am@ @Rt tr Hgtornors ebaéfedt whemithéa allt

desynchroni zati on of the stream and, for chanpel wj,thqu |
pr obabi | i tegobtionr leyer Pbithe rifge Fyframseis IOStazD'OSSNEK &V’QH'V glsiorgﬁgooﬁé‘\ém &Ee?e an

error cor %‘EB I s introduced, the expression of the probability of error
Pe will a{‘;so La‘{)'e to be established. For exanple, the ﬁse of : '

(oL e ComRal | Oy Bopemmesiumsc b buEh T 0S0do RIS GudRe) S e an
a1 eI ot Sk AR € GRED 4 REeh B o, 11
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pat hs, " . eing the probability for an errored path at.the distan
' presented supporting figure 2, and by doing so for Igach available ressIufios e
In order to make uniform and enable the comparison and the average of the
metrics for each different spatial or temporal resolution, it is necessary,
before applying the calculation of séid metric, to filter the current resolution to
adjust it to the maximum available resolution. The filtering applied consists of
a spatial interpolation in the case of an enhancement of the spatial resolution
or of a temporal average in the case of an enhancement of the temporal
resolution.

The total iength lota Of the GOP is determined by performing a simple
division of the useful bit rate by the number of images per second in the case
where the duration of a GOP is equal to one second. in a more general case,
it is appropriate to multiply this result by the duration, in seconds, of a GOP.

The length of an intra frame /s is also considered as a parameter
that is known by virtue of the charts described hereinafter in the document.

The length of a predicted P frame can be determined by the following

samr tu

o GOF.:A,- -{

relationship: . . . ,inwhich GOPgye is the size of a GOP.

nnnnn

The same proportionality principle can be applied to the different
resolution layers, each having its usefui bit rate and knowledge of the sizes
for the intra part by virtue of the charts.

As illustrated in figure 3, the partial quality (expressed in terms of
partial distortion) is an increasing function with the number of images
decoded. As a result of experimental observations (including the remarks
made in reference [1]), the following expressions are proposed and are

applied in succession for the calculation of the relative contribution, in terms



‘d to be selected when SNR = Es/No. Simlar expressi ons can al so be

established for a data partitioning or frame m xi ng nodes,

nodes whi ch can,

in particular, be used in the case where a protection unequa

i s considered, such as the one descritled inpthe App{icantgs Latgn:he Srors
application FR 2 903 253. Estimating the partial distortion |length and
information To determine an estimte of the average distortion of a GOP
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Princible of bit rate and/or quality prediction based on reference charts

One method that can be used to predict the bit rate and/or the quality
of a video sequence compressed with a given resolution is described in the
Applicant's patent application FR 0805513. This method is refined by the
present invention in order to propose a stream-compatible solution offering
temporal and/or spatial scalability. The principle of the use of reference
charts to predict the bit rate and/or the quality in the case of a single-
resolution stream is reviewed in this section.

In certain application cases for which the knowledge of the video
sequence to be transmitted is not, a priori, known, the compression
parameters can be determined via charts which give a'statistical estimation
of the relationships, on the one hand, between the perceived quality and the
quantization step, and, on the other hand, between the useful bit rate and the
quantization step for a video sequence for which the content is close to that

of the sequence actually transmitted. In particular, charts can be defined for a

type of sequence representing a content in which the information is. -

significant in terms of movements and details, and, on the other hand, for a
type of sequence representing a content with little information.

The quantization step paraméter (QP) is the one used in the following
examples but the use of charts and the method according to the invention
apply similarly to any other type of compression parameter. Furthermore, the
notion of quantization step parameter is a generic notion in the field of video
compression and should be understood in its widest sense, that is to say, a

parameter that can be used to determine the level of quantization of the



Do corresponds to the average di stortion of a GOP due to the conpression

operation. This estimate is given, as a function of the quantization step
QP, by the evaluation of the perceived quality netric presented supporting
figure 2, and by doing so for each av& | abl e resolution. In order to nake
uni form and enable the conparison and the average of the netrics for each
different spatial or tenporal resolution, it is necessary, before applying
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possible rates R in order to have a number of pairs {QP,R} for the same

perceived video quality. The charts of the type of figure 4 therefore make it

possible, for a given perceived quality, to determine all the pairs {QP,R}

‘which satisfy this criterion.

Figure 5 then illustrates the principle of the second set of charts,
supplying information on the bit rate as a function of the quantization
parameter for the same video stream constructions. This type of chart can be
used to determine the useful bit rate as a function of the QP parameter. In
conjunction with the information obtained with the charts of figure 4, there are
therefore obtained, for a given perceived quality value, a number of solutions
defined by a .l_Jser| bit rate value and a bit rate value allocated to the
protection which is obtained directly from the value of the rate R of the

corrector code.
Another possible use of the charts consists in defining a total target bit.

rate, including the useful bit rate and the protection bit rate, not to be

exceeded, and, based on this target bit rate, determining the best useful bit
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met hod that can be used to predict the bit rate and/or the quality of a
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of quanti zation
- for an identified curve, the chart is read and the corresponding best

QP (the closest candidate of the chart) is selected for the test. Although the
chart relates to a wide range of possible QPs and bit rates, these values are
not continuous, thus, basically, it is possible either:

1) to find a construction of the bit rate that is fairly close to the target
bit rate to observe its definition to within the margin,

2) to not be in position to select a candidate immediately.

In the first case, illustrated by QPs in figure 6, the candidate QPciosest i
immediately selected and can be used for the encoding of the sequence. The
candidate QPg is the candidate closest to the target bit rate Dbuarget for the
chart i, in the first example, and this corresponds to the target bi{ rate.

In the other cases, a refinement step must be executed which is

detailed below.

Refining the selection of the best quantization parameter QP

A refinement step may be necessary, either when it is not possible to
find an intermediate candidafe from the initial chart of the read operation, or
else when, having executed a number of tests, different pairs of constructions

(bit rate, QP) have been obtained from tests on the current portion of the



"18 conpressed data and therefore, indirectly, the useful bit rate. In the
foll ow ng exanples, the useful bit rate increases with the quantization
step, but, in other cases, for a source coder which would use a different
QP reference, the useful bit rate may20on the contrary, decrease when the
quanti zation step increases. The principle of determ ning video quality on
the basis of charts as described with the help of the follow ng figures
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274¥%a nunber of cases for the deternination of QP as a
function of thegdsseduw tHy target bit (ateaist fouhdf begweenSvo QPs, found above

two different curves.

For cases 1 and 2, different strategies, from the safest to the most
risky, can be implemented. These strategies correspond to a similar
approach: éither to take the closest tested value and use it, or to try with
another, by placing total trust in the chart assumed the best.

In practice, whereas it might at first glance be believed that the chart
must immediately give the best QP, it must not be forgotten that the real
problem is to determine, from the information from the preceding GOPs,
which chart corresponds best for the current GOP of the video sequence to
be coded. Since a video sequence may change greatly from one moment to
another (change of scene, strong increase or reduction in movement, new
details introduced, etc.); the chart that is valid at a certain instant t may in fact
prove false at the next moment t+1, and therefore not allow for a good

prediction.



"The ctharts of figures 4 and 5 can be used, for any starting point (default
val ues, information fromthe preceding GOP, etc.), to establish the

ref erence curve which will be used to determ ne the hoped-for bit rate
based on the possible quantization papgameters QP and the corresponding
hoped-for video quality. In practical terns, the curves can be used as
IOllOrBB't t - to find the possible quantization paraneter OP for a
arge it ra ept| % curve,

the chart is r §%QQ%§G ﬁbﬁ%%éégg'%Héi%BEﬁggoa%}MTbﬁiCgﬁgggﬁ?ﬁ%gﬁﬁghate of

t he chart will pesskedcted for the test. Although the chart relates to a w de
range of possible QPs an%aa rates, these val ues are not continuous, thus,
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exanpl e, IS corresponds to the target bit rate. In the other cases, a
refi nenentcwm;mjedmsth&)targ&tdmbtaid which is detail ed bel ow. Refining the

sel ecti on of
| fon of the best ;auantizal Lo RILANBhSS P
ratetarget - rat€iowest

QProwest + X (QPhighest — QPowest)
ratepighest - rateiowest

in which raterget is the target bit rate, and for the two candidate pairs
(QP1, bit rate 1) and (QP2, bit rate 2), ratejowest represents the lowest bit rate,
ratenignest the highest bit rate, QPowest represents the lowest quantization step
and QPpignest the highest step;- ,

-in case 4 which corresponds to the most difficult case, which in
practice corresponds to a scenario in which the correct chart for the
sequence that has to be coded has not been able to be determined. Here,
once again, the barycenter calculation operation proposed for case 3 is
possible, but may prove less effective if the optimum curve has a slope that is
very different from the selected curve or indeed from the two selected curves.
Another solution consists, for example, in inserting into the interpolation a
third point (if it is available): the three pairs (bit rate, QP) being used to define
a curve on which an interpolation can be performed directly. In the tests
described below, it is the barycenter formula which will be used.

Figure 8 illustrates an example of charts representing the video quality
as a function of the quantization step when a number of resolution layers are
available. In the example described, three resolution layers are considered.

The base layer, which corresponds to the lowest resolution, is defined by a



"Aréefinement step may be necessary, either when it is not possible to find
an internediate candidate fromthe initial chart of the read operation, or
el se when, having executed a nunber of tests, different pairs of
constructions (bit rate, OF) have beexp obtained fromtests on the current
portion of the 20 sequence. A nunber of tests can be executed, which wl|
make it possible to determ ne nore accurately the behavior of the portion
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In order to produce an estimate of the video quality for all the
resolutions, the latter is calculated in all cases for the highest resolution
(here, the CIF, 30 Hz resolution). For this, the lower resolutions (QCIF, 15 Hz
and CIF, 15 Hz) are filtered in order to produce a filtered sequence with the
highest resolution, then the perceived quality metric is calculated on the
filtered sequence using the relationship (6). The filtering used consists, for
example, in a spatial interpolation based on the adjacent pixels in the same
image or a temporal interpolation based on the adjacent pixels of the
previous and subsequent adjacent images.

The charts of figure 8 are then used, independently for each resolution
and beginning with the lowest, in the same way as in the method described in

the case of a single-resolution stream.

Determining the compression and protection parameters
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Hereinafter in the description, an approach with a contr

risk level will be used: - in case 1, use QPclosest+s - in case 2,
QPcl osest-e with E being a positive integer value predeterm ned by
simul ation. Qher adaptations may be23onsi dered; for exanple, by c
the increment as a function of the relative distance between the bit rate
achi eved with QPcl osest conpared to the target bit rate; - in case
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and the useful bit rate, and the protection parameters, and to do so for each
scalability layer.

The method according to the invention applies for a compressed
stream comprising a number C of scalability layers, this number being
bounded by the value Cmax of the number of layers actually used with regard
to the effectiveness of the system. Typically, a maximum number of three
layers is an effective choice for a coder of H.264/SVC type.

Based on the refined perceived quality metric, it is possible to define a
minimum acceptable quality value Dmn for the system considered and a
maximum quality value Dmax, for each resolution layer, beyond which an
increase in bit rate no longer has any significant effect in enhancing the
quality. The maximum quality Dmax can also be determined in relation to the
requirements of the targeted system. In 'the case where the metric described
in support of figure 2 is used, typical values that can be used for Dmin and
Dy are, for example, Dmin = 0.7 and Dma={0.75, 0.9, 0.98} for, respecitively,
spatial and temporal resolution pairs (QCIF 15 Hz), (CIF 15 Hz) and (CIF
30 Hz).

The method according to the invention advantageously applies to the
case of a broadcast of the'same compressed stream to a plurality of
recipients, and via a known number of communication links. A number of
users may be grouped at the end of one and the same link. Hereinafter, a

strictly positive number K of communication links are considered, each

“defined by the pair of parameters {d;,Pe} which respectively represent the bit

rate available on the link of index i and the probability of error occurring on
this same link.

Prepération of the charts
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The f11tery na uaed opshal Sp L oSHAe wiih %3R8 daod Rhgciphghen based

on the adj i rage or a I nterpolation based
on the adjaefyd atcsrtingab thbenwrtionpuadandhis wasedhemelatidpshipriletveeyes.

The charts of figure 8 are then used, inde dently f each resql uytion and
begi nni ng thetvidemoitratessand pHakties '§é1?éem9g§2°ri ﬁa?%gcﬁéﬂﬁﬁags cfi ed in
the case of, A AR HAERRLS BheShpHRA to the sequence. The use of a chart is

then not necessary.

Initialization _ |
In an initialization phase 902, the parameters representative of the

source coder, notably the values of Cmax, Dmin @nd Dmax, are entered. A

reference sequence and its associated charts are chosen so as to best

represent the scenario considered. The charts may be accompanied by



"Determning the conpression and protection paranmeters 23 Figure 9
schematically represents the flow diagramillustrating the steps of the

nmet hod according to the invention which nakes it possible to determ ne the
conpression paraneters, in particul ar2d he quanti zation step and the usef ul
bit rate, and the protection paraneters, and to do so for each scalability
| ayer. The nmet hod according to the invention applies for a conpressed

stream Com?%r'ﬁétfb% %|Quﬁ@% fhedfresaalicmd Iret:dmhaarﬂresi wiithi sesrwnbéo thei ng
bounded by

he val ue Cnax of the nunber of |ayers It {ﬁ th regard
to the ef i/amua/eaestsﬁlots @ﬁwﬂ’%?ﬁ"ém’ PWﬁpbfa'lnl grmg ?Itgﬁ ﬁﬂﬁﬁg "three
| ayers is eng] Litr:vt@b}é@g% quacﬁn}e?]{ g gfb%%r prrefélfg,ﬁfg GuENEE may be Based .

on the refi'fi possi bl'e to define a m ni num
accept abl geridedd biid el aeenagemsfmentmCslymobnnctbasccrmSeaf sAl arovxinmum

qual ity value Dmax, for each res a 0 rease in
bit rate @@@rdﬁg‘HPdH‘é%a ﬁ@e@r‘aﬁucﬂﬁgéh?%?‘?i’%t”?e%e%’nﬁg}?\é%gﬁ?ﬁ@etgﬁg| ity. The
naxi mm qug/,| Eé isRhaAbfRtEe drs aniiahest iwith dhat deﬁauttoparmnetetﬁu rements
of the targete ystem In the case where the mstrlc de crlbecL upport

of figure répiesentatide of he ascanarigesonsigleredn ihePalgYaf otNepRIARES X are,
for exanple . 0.98} for, res ectlvel ,
spati al ﬁaéqlg{{'%‘agprsr%g@ﬂ%?%%@bgﬁ?é% (5% 15 Hz%, (CF 15sz) andy(CI F 30

Hz) . The nethod according to the invention advantageously applies to
the case of a broadcast of the same conpressed streamto a plurality of
reci pi ent a0 vi a a known nunber of comunication links. A nunber of

users may be grouped yal o%i(&:ti%@g AftheNPetied htwordingetd ihekinvertien m:atcu er, a
strictly p05|t|ve nunber comuni cation |inks are conS|de each

def i ned byagsiyh gadtr trahsrpeasmretllek angigr, @&h}uwu%ﬁcalagw%W%W r%‘}S‘?résent t he

bi t t | abl f I
occur 11 ng GIMRERSORGS Prafecton Parbiiets 1l AAB0R ORI auatagle SUDT |

charts intLedyc@thd Brcfb'aﬁmltyeoﬁe@bleammgathesle finks. each scal ability |ayer.
These charts are obtained by var g t he ant| F\Pzt egg ﬁfm%n&tsour ce
coder for di ffdneﬂwam@m@ﬁmgoéeéﬁe cesers 59%‘? & sage
scenari 0s C";‘)rlpis/nl] gglgﬁqg% Y o4& @é}‘lﬁed tb}kt B hAiPBY @aﬁzﬂhe@‘rs $evnilabizebit

convent i on HOs8 &ki I ed i he video coding art. For ?xarrpl e,
the sequenggs, rbbal@m@ré‘f evroraffectingy tlalsdlnk}aEE& aﬁa@s;%@mjém'%ﬁmtq onal | y

used to performroutlnetests nthefl | d of wi I he two
types of chelcelyeredatned ayallty JuelEs '§ r@'r%%depoge%%?{%lf gﬁénl%r%e yDa first

chart r epr&sﬁﬁ@t IR tr@l%tld?ﬁ’érﬁﬁ' vgy aual 'BW fikiry T ISt iaetooft t Githeyuahei zat i on
step of the 'scalabil | ayer consi dered and _a second chart rep esent i ng

t he usef ul cdunpresatw/mteptrbuncptar@metﬁrst af Sthgarl,@tlag@ﬁlppz Phase o e
' determined by the method according to the invention previously, for example

in the preceding second.
In a substep 903.1, for each user U; and for each avallable resolution,

the available bit rate and the probability of error are used to calculate the pair
{useful bit rate, protection bit rate} which offers the best possible quality by
using the charts of the type of figures 4 and 5 and the relationship (6) and by
applying the method described previously. More specifically, the available bit
rate information can be used to generate a defined number of pairs {useful bit
rate, protection bit rate} for which the sum does not exceed the available bit
rate and which are compatible on the one hand with the possibilities offered

by the source coder in terms of bit rate scalability and on the other hand with



It will be noted that the charts are valid only for the coder which has
"enabl ed themto be generated. In case of use of a nunber of different
coders, the charts of each coder nust be generated before starting the

met hod for determ ning the conpressi @6 and protection paraneters. In the
case where the charts do not actually correspond to the source coder used,
a performance degradation should be expected even though the inplenentation

of the mﬁ@%aﬂﬁﬁ%&ﬁjr%tﬁ\ ddRsi WEREICBAd l<eEd, e ERaha R figurehe andl ues of

Dnrm and Dmax are uced fromthese charts. ~In a variant enbodi nent
of the i nfeanibenyseachte abtaio ferceprbnesefachiticateyan egidRtien 84 Hea¥&i8dR to the

controller, which is the V] X t.Ng: 8 i _Rg4t £yt he
i nvent i ondUatY °n°ﬂt fAr Ser&o&%ﬁe% Esgoé‘el?g%i%%lﬁbgﬁgg@ \)vet}"e%ﬁ ?’%g‘ot?/?éjggdbﬁr rat es
and qual i h@s dvailslsibergsongidnf and efac fed8BP asaithflercaarestingofods mpiee toi on

paranmeters to be applied to the sequence. The.usge of .a chart. s then not
" necessar ydequfig tharevam e estlmateqeﬁeéqplyqﬁ tqué"ﬁyz@fi%ﬁr%ﬁgg%s'%fn he

par anet er %ﬁ%‘éﬁﬁ&éﬁ& ‘éeséfgant\ B?oté@ﬂéﬁcwé%@rrectiﬁ@taab)oftsbeh\raﬂwémeof Cmax,
Dnmi n and X, ;

are entered. A reference sequence and its associ a{hed charts
are chosepaisdusafut bit batet prajpetinnebit ratek fisabneataiged dndhatevigh otfRs ©Rarts may
be acconpani.ed by .25 i r anp.r gl At i8s8! Hhkopsrcefe@mmended
W th respgﬁft ?8“'%#6“6&?%63\5&2%%[& Y alg%?tglf gﬁ 0%%5%@5”?@%18' Fﬁ)]t'? aEI r;/: in ternms of
bit rate gpgitfiseae®mimdds. forneact aesalntiornbeldtiveerto, the gncampogsseef er ence

sequences may be selected and an avera is then cal cul ated o charts

of said gFfBfENCcE SHAENCEIVIR FRIEBUR F%%ilﬂ%és @%B&ﬂ"ﬁ!ﬂ ¥h@aﬂreggbﬁ‘§ed to

initiali deéﬁlﬁlﬁ@st&?ﬂedmﬁ] 3 ession paraneters are initialized with the
arame

default p ers representative of the scenario considered, in particular
the nunber of tresobubstep 903.8r stitifdr elachr useysbcithee@spiutionatest ki ng

One of the objectiyes of. the methao cQr.dj i i hsqt 0 assign
each t r ans®RIEAIS fﬂaﬁw@ﬁh/c‘cﬂrre@ggﬂgagtért%g éggl él%lcfgpﬁg ﬁea@g# #?Ihégi ven
conpr essi giheafishrPl) Ol HdrOBe R bR thE Spdinee disefufl i yaterarichéotavbitiratd e bi t
rate and the probability of error affecting these |inks. In a

ranki ng stpeparee®rs (BeuskuulBbes)-associ ated with at nost K'distinct
Lransmssion |0, aad. GAgh, delicandltotdibo B hich cORTAEL IR Gaumi | bl ¢

bit rate, prob error arfecting t ink) are.arranged in
ascendi ng gatslendod ragr esluredngyalection R thealotalybitreatei is obaigededihited for

each of the users U, using the _relationshi 1) .and t aki ] account
ei ther t hée@_ﬁmrégé:?%ﬂ#l ﬁrlg‘?tem'/l%ﬁ” &’;\‘? &AET @B?Q%Ptrﬁ{ed%%ﬁrﬁaqolﬂgadbg%ﬁ] phase or
those det el BRdst¥amh@omeidenst ags optiegiat Ohther rieat foon thy evétaost y, for
exanmpl e in thé precedi ng second. _ ,
encapsulation, these data must obviously be taken into account in the total -
bit rate calcuiation. If one of the users U; has a perceived quality value below
the required minimum threshold Dmin, then it is excluded from the ranking
step 903. .
In a substep 903.3, the users Ui retained on completion of the
preceding stepsv 903.1 and 903.2 are then rank_ed on a two-dimensional
graph, of x-axis Dbyseru @and y-axis Dbiotar @s represented in figure 9bis. This
representation makes it possible to define a function f such as
Dbiotal = f(Dbuseru). There are then two possibilities.
If the function f is strictly increasing over all the points corresponding
to the users retained, then the following ranking method is applied.

Substep 903.4



“I'n a substep 903.1, for each user Ul and for each available resolution, the
available bit rate and the probability of error are used to calculate the
pair {useful bit rate, protection bit rate) which offers the best possible
quality by using the charts of the type of figures 4 and 5 and the

rel ationship (6) and by applying the method described previously. Mre
specifically, the available bit rate informati on can be used to generate a
defi ned nunber i {use t r i B tare@d € )orf e Whi ch

t he sum does ngﬁgegglé‘!éezst%% é‘tlgéllplggbﬁor bﬁr ?‘aggﬁg’?gﬁ\?\ﬁi ctr? a?% conpati bl e on
t he one haadiswot the perpeived idality esetotfehtatmedyantidnssiftca wayethat @ t er ns of

bit rat al ability. t he_ot.her. hand.wi i |
cor ot | nghagadE ayaitd EEIBRRS b ey Enbet egfh oRGPENRY Bl B o pe
used to objeRidived QuaBiciioesehol ektded ai enagimuestthredhioth bftwebe eawr age

quality DO of an error-free GOP. The relati| onshiP é62r‘ can then be used, for
each avai leidrhent ek sl grouprdefingds iprthisaiayauas| usdelo genete theNWHRE Phte, to

deduce therefromihe.esti e rcel i £ transm ssion on a

gi ven charﬂﬁ%‘l‘psaa]ﬁteémg} egﬁ:%é? g[eg@teg‘gé é]ﬁﬁ’bgpgtpé%%{)@{r%écode of such rate.
The pair {usefuyf yhit matieglepresetiorotranisiitted ¢d dli tred luperseisitmedest t hat
whi ch gives the %est esti mat ed percei ved qual Eté ouh. _?f t hose dﬁtern‘i ned.
The per ceispdiofuall ithe mage $ot BRe H&?O’F‘Bfe%é@h Y 8salpBiinolayereestiBd t o t he
unconpr essed . nee e j | Yhin@n seteafX Riirdictied i n the
precedi ng a‘s%eérﬁclﬁ’%%g%s@oct:'?egﬁjé%ﬂ% PW ';altﬂ?:]ﬂr@géﬂzv.émé he gIén a substep Qgg. 2,

still for gagiressed With thee sirgiel bighest Ceaslutiomeriowevarndhe; availe whi ch

corresponds to . the best percejve ual i i ' wi, S then
defined byespldtinns mays be, 8vidad w Pefigen %ﬁﬁ%ﬁeﬁ%ﬁgr@ﬁ@@ﬁﬁégﬁo& o e

(Dbusef ul , o dBERkRY)the lowest Fesdiltre RsRryheteti® Fansmissian tioks offeried whi ch
conprises only useful data and a rate redundancy section R the total bit

rate is okhailnwesbyuality metris, ianshice vRiEa: ANe-PRESIE GNPIRE GANSEIR Rase
wh t her  dat i i ; . - ase
heg;grOdaftékp&t@vpﬁ%%a@ﬁ%?iy%&%éb”_- ﬁf%r%'ﬁnocstt rtl'ﬁ'@@c?at asggzgé@%bl n particul ar

apsuration, these t vi ously be
taken into accqumt <iyn<tdg, ! ataimbet of atsolatibre uhyrs b = | fis aheseh, Bhe users
Ul has a perceived quality val ue bel ow the required mni r;gfgres.ol d Dm n,

m ni mu)

then it i seactcpaigpdist assignerk arrgariutigndexgy beged on their gsgoglalef, gHalY 903. 3,
the users | . 1. rgtained .o et | cedl BS P3viteand
903.2 are 'inﬁﬁh:'r q(é%\ﬁgﬁt ngst%w& Erge%’.gf,@hgphgggﬁn%g}fe%grg%g Ijag'US\élfﬁl and-
y-axi s Dbtwirah, as represented in figure 9bis. This representati on nmakes it

possible to define a function f such a%iDbt ot ai ':I' (‘.@[}l%ut]se{:u_té. There are
then two possi bifit Cesx the number;of IGEORARR /RS 1S MBWED 1Oy |5, e r E8si ng

Fanki ng el LR of SRS EssEplyao RE R Rban.MRdhe kaing BRudrol | oni ng
established previously, for which the quality metric exceeds the value of Qmin.
The highest resolution is, for example, assigned to the group obtaining the
best quality metric, and the other intermediate resolution layers are divided
up evenly between the groups ranked between the two groups identified
previously. Depending on the specific requirements of the system, it is also
possible to prioritize certain users or groups of users and therefore to adopt a

less uniform division of the resolution layers.
If the function f is not strictly increasing, then the requirements of the

different users are more difficult to reconcile. Choices must be made which

potentially will degrade the service offered to one or more users to guarantee



27 ¢ The K users are grouped together in honogeneous groups on the
basis of the perceived quality netric obtained and in such a way that a

m nimum qual ity difference is observed between each group and that the
perceived quality does not exceed a n2&i numthreshol d bet ween each el enent
of a.group defined in this way. x is used to denote the nunber of groups
determ ned. There are then a nunber of possibilities. If x =1, a
si ngl e re%ﬂ'%‘rﬁpn@ﬁlﬁpﬂkém tpild ddd'® thesast that tiBEoResihdepe wahen, al |
the more SO since the conmpression by scalability |ayers results in an

i ncrease iperddieedigedlity vbiue, e esers may\aved very difierens division B?P’\éﬁﬁﬂ y

h th h
" ao0l ut 1 oS P Yo Bi, B RO, g e o E AR ol BEPRE 0

by associ %tré\ﬂguélbqyépw% Itiﬁ&ﬁ wo cmsérawan sbaiitt ihe rearbe agreup s&ndowﬂl i nks
offering the | owest qual metric, ice vgrsa One SSI l%ﬂ?@m ce

consi sts ibenefkfram fhﬁos?@§dﬁﬁfvl it |r%3?e?%36@"e° g cgfejat g?n cl asses
(C=23). ﬁgp%ﬁ a nunber of resolution |layers C = x is chosen,
and each gtp%'ﬁge?éégg‘esggne a resolution layer based on their associated
quality nmetri c.Subistep 80BSt resolution is assigned for the | owest netric,
and vice versa. his, 1S
limted to C = When t%gufv&/\fﬁi&@a dd¥fe 8kn Wé%H%é&ﬂj\)eadcﬁ

ution 1s, for eéxanple, assigned to the

first groypis iidstrdt8s 'ABignFzant dariatsr ablthe hatib petwe@uﬂ;rhey usétul bithiatér t he
quality netric exceeds the value of Dmin. The highest Cf? |on is, for

exanpl e, & @'@eﬂroﬁ@tpﬁeblbfafﬁp”bﬁﬁ%erﬁmﬁ thiseCoRestogesRIND RePPiYSe ™ ind t he
other int ggﬂgaq@orsxﬁ MB r@ué@r\m@aﬁgwlw frRdpaRiVRIE DY hastaveer t he

groups ran ween groups 1dentified previously. Depending on
the speci fuszefulaﬁwra“tert’ﬂam M&)(resmmtwbjt e but ai hﬁigbﬁlrs’@t@d% raSEeOnée pheoriti ze

certain users or gro of users angd.,t herefo S orm
di vi si on Onomﬁger,x%yﬂ &PPB% haye been odetermlnegf{o?ﬁégy @ﬁg@’% SPOJP%i é clrrlllgk;i(st rictly
' ncreasi ”gs{hdmmhérléﬁ)réeébﬂnﬁﬁj@fﬂ seefif the fithdtioar feist musmsmgiloeerrah ghdi fficult

to reconci Choil ces nust be nade which potenti aI\IN}Z/ V\% degr aqﬁ t he
servi ce of paintsd lftnembenef eansecuties points gadichageee Wit this IBERSE A ni mum

service. This is du t.th f igfed

ual 1 £y vaiteeEoriRpr iRLPLiseg oRE o b sRSHFRE ABHAREICORE MG,
usef ul bi tiHeAbRoWIAG Vdiigngy ot ection bit rate. If the ranking described
previously is applied, these two user t he sane d wil
benefit fromt h& 3 Hfe V@Eéf\h?mBPEim'r‘%ﬁté)féH% %V&P?'@Etfoﬁéh%&fag %Er}ectégr\‘/% t hough
thei r needg} e5fen ?(‘31‘3 ergnéxecﬁi’é&taﬁalﬁgf &oosmg aW@%BIdﬂbﬁ GtHEY €hdn $hains a

decrease b WO consecuti ve~pol n his illustrates a significant
vari ation mftlatlllyecmcmero eimi \eie nist denelsefundebltp delesmingl & ﬁ@‘%‘PBtWBFf‘on bi t
rate. In figure ﬁ?fa? g ‘case .corresponds to the users U2 and U3 or even
to the usef@NASE HuUDE 'Orl‘J iNcre2dsiddt i vely UO) has a lower useful bit rate

than U3 (respeciq yabihddWarkint embodiifnt taittak ipventien, eand?bcen tthe mogeneous
groups have been determ ned, for each of the groups, Qeck houl d
theref ore bienmdie tfisstswariant hase nplipEeyieed fcqnyeigﬁ?@fc@a% R EP LE'PP fhe

Phen the coRBBl BrO8H SERE o ot R e Lt o e . e o
nore of virtual user is determlned from the two users U0 and U1 which show a
decrease in the function f. The virtual user is determined in such a way as to
hold to the two constraints and is selected as representative in replacement
of the two users UO and U1. The total bit rate of the virtual user is equal to
the minimum total bit rate, or that of U1 in the example. The protection rate of

the virtual user is equal to the minimum protection rate, or that of UO in the



“the follow ng variants. In a first variant enbodi nent of the

i nvention, for the users concerned, the step 903.2 is executed again by
choosing a resolution other than that initially chosen, and this is done in
order to determine a solution which r2hders the function f increasing.

I n anot her variant enbodi nent of the invention, and/or in the case where
the first variant has not provided convergence toward a solution, a

degr aded I r HC NN e Emf(U1gumedobi s, the
vi rtual ué’éérrw% glﬁgr %Mmhﬁrgﬁn%r?mg t\%g)puyser sﬂ?o%io gﬁgpm %ll(yhgshow a

decr ease DPhueta)BuAdPe@a(U1). The virtual user is determined in such a way as
to hold t the "M@) n(ﬂiai nts and is selected as representative in

repl acerre Pusgipil #8ers UO and Ul. The total bit rate of the virtual
user is equal froahbtBerivarigtietmbodimént, fromt éhe conséattivef users iwhicheoexanpl e.

Th 1 1 t f th t | i t t he. m nj t t
rat eprgreﬁﬁéggéeam%hoﬁm Hacronge SRug: ncin “Hofeouser, Nidh ShRE' &0} ot o
Dbt ot al &to‘%ﬁﬂf Al él%%a@é@fr@ﬂﬁ@ gloul' @nd s h¥ttaken (rdo Tadcount in

Dbuseful( I n anot her variant enbodi nent, fromthe’
consecut i e wking Stﬁpch do not agree with the increase in the funct| on f,

the user whi Ch” E@i@nwl%ﬁ frB Bt&vBﬂ%er?bfct)héaﬁH'tﬁé @éh@héﬁ@@éﬁé&sgroup and

is not taken i unt e ran the“function f
bet ween t weouissicvok soge @néaﬂeh@hmﬁethmde@mmmi@ngofo’uhp MDweaJlsblbpe

t th "1, the det t f th f ul t ti
Pote) “sul fad. (Rolaruce [alS) (NEY Tayhamsorbarers Ty P s o o
virtual ?rﬁFoofu% whicl Likgal Qlsak Bt twmaﬁ SthbStRAUBlt fate tifeeqUani touthe ot al  bi t

rate and e pro ection rate 1s equal to the m ninum protection rate of the
two user s.minimum tatElweit erate tdmids tbasti@tllonpraibalﬁl equal fq dhe MMIMHE

conventi onal erfor evels of the wireless networks, which generally
offer a blerOtre 6{@? ° HPfR%ed to the quality of service that they can

offer. This paHdv@éUear thit ecas @s Wirhprabasleefiar dight efblteet cobeentiombt Wit h
directly by the deternination of a trade-off bet\/veenﬁ%g?ﬁ%_ of t he

honpgeneowerigrnanpse eveh® of thﬁwr@dfs@on%tl"\%k% TWHIER aeng UJPtR i on of
one of the | HANKEPGah et SEhisharctiae hi ghest
total bit & aéf)gt%ﬁg[nelée% t‘éah l?y Bﬁgg}c\gér}%} essFon/ Sr otecti onv%ar aneters

rare case will therefore be able to be dealt with directly by the determination

of a trade-off between the users of the homogeneous group, without having

to also try to change the resolution of one of the users or to eliminate from

the ranking the user with the highest total bit rate.

Determination of the compression/protection parameters

Once the ranking step 903 has made it possible to specify a division of
the resolution layers on each of the communication links with a priori
achievable bit rate and quality constraints, a step 908 for determining the
compression and protection paramefers is then executed.

The determination of the best compression and protection parameters
corresponds, in the example described, to the quantizatipn step for each
resolution layer of the stream to be compressed and the best correcting code
rate to be applied. This allocation is made on the basis of the charts

generated previously. The quantization step of each resolution layer is



"Once the ranking step 903 has nade it possible to specify a division of the
resolution |ayers on each of the communication links with a priori
achievable bit rate and quality constraints, a step 908 for determ ning the
conpression and protection paraneter80 s then execut ed. . The

determ nation of the best conpression and protection paraneters
corresponds, in the exanple described, to the quantization step for each

- resoluti O&téﬁﬁﬁ%dofeléﬁ\% b BRMdWedearaiBYIeSsiedarnGut hef trese obrthect i ng
code rate to be applied. This allocation is pmade on f. the charts

! t he basis of.
gener at edtransmissigs| §nksTihat qualie LR 2hP oarosPedf U?kse@cwhfc@s%?‘atﬁeéﬂﬁ'lt'ag}er is 30
determ ned relati N . avad i u f 8nof the
transm ss‘iaéﬂ‘ﬁr W%ﬁk%seﬁlgﬁ?é %g"k!é&‘ﬁ@%?'ﬁ@ (gflr %’%BL%}‘@’H rslff? tg 8gmgpghre§gﬁglgpesol ution
| ayer waslagssi geeproeessedn escamiog orter oftiid regolitiopsos@rtinthwithet86l ut i on

| ayers are processed i n ascendjng .order of .the_reso| uf] r&ing wth

the | owesoWeskasRYHaR 'Fé(?'é&r,‘eri h‘@gnlghgr FﬁS&&f&P”ﬁag%ﬁsuh é)aﬁ%pg%feﬁc.% t?"% °

practice, oG HEaRRidtMNS@HARt ddBihafeds fdPthiesbalss eayern s fmakédie base
make

| ayer, thi S It possible to isolate a single reference chart for the
next | ayepossidledo isvlatecasingle referancei ehatyfasing nexklayst APd s§roR.1R8Bhar t s

that agregl LG E SATRRESHIRE FaRBTBERISIGRaRRL (i deRimbakeion

Once the ntl ave been determnéed, the protection rate to be
used, forparaghoters clessdrifor wwédrdggers. i s chosen by taking the |owest

protection rate out of thgse assigned to the user.s of ous group
correspondi ng P&cerhe W@EB@anoﬁegﬁséP’.e%een det{%ﬁﬁ*“@‘c’sﬁp‘ihg%%%g? H? € step
908, the @e"pgé&,ora}r §S§VeR RBEILABAT RGEE OR PRéSUTELY kil tikefiowest for each
of the avallable resoluttfon layers. Verification In a verification

909 or cheodtedtiprstadp out bé thssei assignsd teolerusess oh thaPemegePsOYRERYSr evi ousl y
are validated in prder .t final coding phase. The perceived
qual ity mEPFFEP? '%9/2? Hﬁgé%ﬁ@;ﬂng]ggﬁﬁresol ution layer conpressed with the
chosen quanti zgd drapiensn & chl@cakteES 908 rthedminimuro  eormpressitt &sidy t hat
the quality estimtes show val ues t

: at are_actual, bet n i n_and Dmax
and that phetegiien pagarﬂ@ter%@i%%efmm%éﬁaﬁwfF%%Y%J{%%!ﬁqugﬁg%‘qﬁ]%eréuffi ci ent
to justify the addition of an enhancenent layer. If one of these three
criteria is not satisfied, there is a | oopback to the step 903 in order,
possi bly, to delegifichfien anot her configuration of choice and of division of
the resolution IJ\aay?/re?iﬁca 9odr: tglogngrl cRé&Eiﬁgtétgg, the choices of compression

parameters made previously are validated in order to prepare the final coding
phase. The perceived quality metric is evaluated for each resolution layer
compressed with the chosen qu'antization steps. A check is carried out to
ensure notably that the quality estimates show values that are actually
between Dmin and Dmax and that the quality deviation between two resolution
layers is sufficient to justify the addition of an enhancement layer. If one of
these three criteria is not satisfied, there is a loopback to the step 903 in

order, possibly, to determine another configuration of choice and of division

of the resolution layers.

Additional protection
When, in a group, a number of transmission links are characterized by

different pairs (bit rate, probability of error), the allocation of the compression



“When, in a group, a nunber of transmission links are characterized by

different pairs (bit rate, probability of error), the allocation of the
conpression 31 and protection paraneters is nade by taking into account
the transmssion link for which the ayqilable bit rate is the lowest. If
ot her links have a higher bit rate but a | ower probability of error, the
division of the bit rate allocated to conpression and to protection wll

hi s casend PoL BB sneghadade [ i Aceebiomareeeli "

or f'fr bt 0 ﬂHﬁrf@mﬁﬁ;h fhera\eAaBIe bitRSE1 is SheNowk sk If dthat hmkte hpes aehigher qual i ty
Wi e

greater than the required mninmumthreshol d Dn’(Lq %51
addi tion mifyrateebuiddowen pRPRDHILCEt pEetithe dhdsiPRES tae RETRISR!N%aY h’g f or
| ncr ement a'ggﬁ%%ﬁ%ﬁ”%&ﬁ( %a?éé&%ﬁ ARiIEFBEPE théhgaﬁ(c}%véﬁ?air%u@ﬂrrw ible

Punct ur ed ati bl'e Punctured Turbo Codes) codes.
Conpr essi gReasured ;Sércavéheqlmmmnsessndm dndhis caszt & qrossidiarasidition af e

determ ned for each resol ut J ayer ,and each tran Kk e actual
conpr essi @§dgipaRht PERIEFION éﬁgr dnede e 9919°" 16 %%F%tggcefgga??f?mlf t he
bit rate Q%Hléé@hﬂlrﬁ(r Qhéloihesééic%fve@idquéllit? Willtbe abectmayedter duaptiesl mor e

finely, for exanple eleting certain franmes so a to rerrgH V\%thln t he
bit rate deqslrecblmtrwﬂulikéhfﬁﬁh@la Bribodiig rdglition mays; OUgBP and 10c

represent an exannl ool i Rahil sl ngffor%crgn@nw@dwagn sLBRsR, of

figure 8, ion o he perceived quality and the
al l ocati orfoptexémlequaemcz}au(@atetcmmnmtuteaaunoasem@mdm)lcuﬁ@PT (Rate The set

of charts of flgure 10a represents SI erceived quality estimted for each
resol uti orCompa blngL@rpféur@g@rggg‘&p P@Eﬁ% The neasurement points that nake
up the charts are obtained by applying a quality estimati on such as that
described in support of figure 2 on the video sequence decoded wth each of
t he avail abl e r@emipaessiors t hen possibly filtered with the highest

' e§ol ution. In (Snce Etlﬁg %%eprggsi% %Wdepijoqgctio%hﬁgrpameters are determined for

each resolution layer and each transmission link, the actual compression
operation is performed (step 911).

If necessary, if the bit rate constraints are not satisfied, the bit rate
may be adapted more finely, for example by deleting certain frames so as to

remain within the bit rate constraints.

Exemplary embodiments

Figures 10a, 10b and 10c represent an example of a set of charts, of
the same type as those of figure 8, and their use for the estimation of the
perceived quality and the allocation of the quantization step of each
resolution layer. |

The set of charts of figure 10a represents the perceived quality
estimated for each resolution layer of the compressed stream. The
measurement points that make up the charts are obtained by applying a
quality estimation such as that described in suppdrt of figure 2 on the video
sequence decoded with each of the available resolutions then possibly

filtered -with the highest resolution. In the example of figure 10a, three



"32 resolutions are considered. The lowest resolution is represented by the
points referenced "BL" or "Base Layer", the internediate resolution is
represented by the points referenced "BL_EL1" and the highest resolution is
represented by the points referenced 3BL_EL1 EL2". Thus, to obtain the
necessary measurenents, the video sequence decoded with the | ow and _
internediate resolutions is filtered spatially and/or tenmporarily in order
to obtainERReNaR: WohlideRed.NTHBCRIndRS@BIIiON is rfrdsentear by iheper cei ved
quality estination calculation to then be applied to it. _In

appl i cati pnintd refareneecho®BLicoor @asg tLavere thevinermediate dep@lElon niSsuppor t
of figure 9, th anti zat.ion LS «hir v '-C\sl}pe%f Rase | ayer
by consi dé??rﬁae'ﬁﬁg é’hti]letgc%%lre?ée%ggéén{aa‘nghb hgﬂggﬁéﬁl e t(ﬁ%'?@ for the

| onest resgprabbmedaby ahé usslhisorefofericed tRlarkliz &li20n Thuep to Tidain thee fir st
enhancenment |ayer is considered and a single caart 1002 iﬁ}ﬁi f?&lﬁat ed t hat
cor r espondgcoRAy tm@a%ﬁﬂ}?@t%fth@hé'dﬁeaﬁ?q \%o e%‘?qeepd $aeg 1V #6r the

- precedi ng; liaxfEdiafd FEAGRNR 4 HieRIS SpaHAR bAdldr RnFiRArilOin bRferefshancement
| ayer. is determned. SIm IlarI%/, a single chart 1003 is then isolated for
the | ast wobtaiha isequeagewithdhe Huglkestr @i Qe FatheoReEEMPG s al so
identified. Appli.cati - Fi g rihbes an exanpl e of the
applicati 8Ha@t§/e[ @%h'gﬁ%@&cué%tclzoorﬂ I ngﬁt%el?ﬂg%?nt\t/)gﬁti on. A video server 1101
not ably conpri $eapplivatigoof G mathsd grsedrding dertheahneertiarodpseriteriinst r eam
with tenporal and/or spatial scalability, an error, correcti code being
used to prypeett ¢f figure S teaAUANTEABOY HER i'%ﬁr%{y 8%%85%%}“;%8 BASont r ol | er
whose fungliion, | Mt {160 CRIPESSHIrRNtha shrbeinbe Guanty oatet er s of
t he coded?ééze?e%grﬁﬁﬁgjé&ﬁpgh?d?%r MS%r poser@. exer%but es tﬁfg gt?eps.of t he

met hod ac¢eweétngedotutidne asnaefuniction dhdhe optantizaiéon i tepx dbenedh@yfirgt '

processor coupled to neans for.storing one o [ ideo s harts

necessary q@@npﬁr@ephﬁy@ﬁéﬁt%ﬁqsﬁprg? g anﬁpﬂ[?dggﬁﬁof%ﬁbs f%%%gqﬁﬁgenti on.

The conpr ggsRApYhAe Wit HRABRLIER dfsthehyGagentionat s@p determined sers the nunber

of subsets respectlvelé representing the base Ia¥er Cl, an_ 2 33 enhancenent
7

“layer 02 amecedingiayeri @pee ageimihe best auarizatian Step fadhe &nbanReM™sNhhest
resolution. The ¢ : rea { € FoXaY QNS
Gener at ed Y5 BARIRRE DAL a8 HRRPIIGER BerinTaRor ME IR,
cont i guousegsiution efyee anddhe aoreppsidiby yuantitatievatepdsiatsotidentifiad. t he header s
needed to identify themand to allow for their packetization for

transm ssi on over the transm ssion network. Let us assune that the nethod
according to thﬁpﬂ)l‘i‘é’&fﬁrjﬁ on has culmnated in the follow ng division of the
resolution |ayers according to the available transm ssion |inks 1104a,
1105a, 1106a arfigdrk06t.deBoabbasan |exammplei of thelappigatien 1§ theemsathed 11064,

1106c at the ends ,of which two users 1109 0 I se | ayer
02 is al | REEOEHNYJOtRE 'PY?Pk“OI‘loAEé(' 0 ?ﬁ@eééglaif”%iskyhgééﬁéﬁ%gﬁ é“ﬁg%? 1108 is
located. Finfd! yesighed 18Y§enéate aprcasmireboet (Sheahh ghitts terrgoodlubhdiori s
allocated to the ITnk 1104a which offers the best available hit rate and
error probspstial sgalebitityaeneararteartediing epdetbring ygedtowrptest 8 i fiERaM user
1107 is | ocated, . .. r ' il geC is
gener at ed t?)ﬁh%dcg?%rbgfs?g@g@ gﬁég%hp O%]ﬁiﬂttca%?&g%rs ts?qﬁgﬁgor{ ifltétge\?\%ﬁhe have

di fferent glassanpessvni o plotectiat parameteabof theycadedstream. arthudich he

dund tion P1,1 i t ed ding.to th ir. f the
User 1105 tonds purhess ragResdae sl Bine mengd deaorsnedq MLBLEND oss
good perf Oiﬁgg%ﬁtlrhﬁé/ﬁkse@cu{ébew {é@%&%g%ﬁ%@!@@@@'m@an%r%m@ oHser 1110

can be rea e enhancenent” | ayers 03 have a single redundancy
section P2or PRoreacideof seduericei shams friesiessaryt torgiher impleaentaliofi @it Ber cei ved

quality to the users 1107 .and 1108.
q Y metho accordl:erg to tﬁeclinven%on.

The compressed video stream 1102 is thus generated; it comprises a

number of - subsets respectively representing the base layer C4, an



"The 'stream 1102 is thus transmtted through a heterogeneous network 1103
then to three base stations 1104b, 1105b, 1106b each of which conprises a
transcodi ng device that makes it possi ble to adapt the bit rate of the
recelved conpressed stream 1102 to thg3constraints of the transm ssion

|l i nks 1104a, 1105a, 1106a, 1106c. Because of the hierarchical encapsulation
Ff a nugger gf subsets, the sections corresponding to the higher resolution
ayers an n b

t r anscodi r‘?é‘%aﬂg‘?@wg%ye‘erﬁé Gﬂ% §%ﬁé3}aeg\rg%}t%§k'e&§n rS%SIQ ?’legéqlﬁ@% ﬁrge cgstehgf

34 wir el esfigligsan@sbigionn Tmml«mmpneshe@rmn bisbh cammseabne@uadanw m t ed

bit rate and pr t dit whi
pr obabi | tgecamse‘?B%%%‘rals%é‘tq‘iéé‘al'gab%@ﬁa' goder: e ArererR o B HAS S enmi ns
conpat i b' “&on‘l ?ﬁéehst bﬁnﬁt@rlé%éd“ andVipestidly Wil BAvé keidetooatbieh thye of error

IS negI|g| e an avai labl e bi't rate is t h
Ref er enceshgatlprC.neBdedetcorideniidy dthemaaipd B @B@\'an%tsﬂ@prfﬁé?qifzgéﬁm A{Q?I gher.

t f
fﬁgsl n![ \e“r hﬁqqsﬁhﬁlgb\é{v f;'rgé %WS%%I& ng\%r%fggfegglr%ghﬁ@ g the ﬁfé?ﬁ@d?d&ngg;f

Vi ft O{I a, dcroedlag t&m]PZQ%ntlbﬂ]ha@ c@Benigateuinina thke Cﬁ)lldyang CBEISW OP "t®@npl i ant
sel ective encryption for 64/ A d

il ¢ 1 medh 4epPubBE S GeisTos o e avalEpiq baneaigh it e, M oV "
2005. [3] ¢ daa%?d]an 68c. Ti%lbssé:@%ambéau@mg@wmb KV 01 064, dﬁ@Bc(amdes

(RCPC codes hei r application in | EEE Trans._On Comm 36
4, pp. 339th&CET1dSApfrWIhICI\9ngD o

allocated to the link 1105a at the end of which a single user 1108 is located.

users 1109, 1110 are located. The base layer 8|2 is

Finally, the layer C; representing the highest resolution is allocated to the link
' 1104a which offers the best available bit rate and error probability
characteristics and at the end of which a single user 1107 is located.

The protection allocated to the first class Cq is generated in two
stages, because of the two users 1109, 1110 which have different
characteristics (bit rate, probability of error). Thus, the redundancy section
P,,; is generated according to the requirements of the user 1109 and the
redundahcy section Pq- is added to mitigate the less good performance
levels of the transmission channel by which the user 1110 can be reached.
The enhancement layers C, and C3 have a single redundancy section P2, P3
each of which is sufficient to guarantee a minimum perceived quality to the
users 1107 and 1108. '

The stream 1102 is thus transmitted through a heterogeneous network
1103 then to three base stations 1104b, 1105b, 1106b each of which
comprises a transcoding device that makes it possible to adapt the bit rate of
the received compressed stream 1102 to the constraints of the transmission
links 1104a, 1105a, 1106a, 1106¢. Because of the hierarchical encapsulation
of a number of subsets, the sections corresponding to the higher resolution
layers C,, Cs and the redundancy sections P,, P; may be elirﬁinated by the

transcoding operation. The invention advantageously applies in the case of



"35 CLAIMS 1. A nethod for determ ning coding paraneters of a

vari abl e-resol ution video stream by a video coder, said video stream
consisting of a plurality (C) of resolution |ayers and being conpressed to
be transmtted at a plurality of giv@4 bit rates or a plurality of given
qualities through a heterogeneous network to a plurality (K) of users (U),
characterized in that it conprises at |east the foll ow ng steps:

gener at i ng; 4804} heHrREGHF InkdIMhich Pidsenvbbiataridblecamd fimitedript extsi on
paraneters, at least the guantization-step (QP), agd/q%{ﬁ]pr t clti on

par anet erand atopa@aﬁontqwdgmﬁétlﬁlpbde@ﬁfti)@ aelcyconsidgrablg RIERAPYEY Yhe usef ul
bit rate on the,one f I {gi n{p@ﬁ WeR hand,
initializfhy $98%5 ’?Eeg{?%%r%%ﬂ%ﬂé?‘ks’g‘?%rgﬁﬁgg’h‘@?‘f’\ﬁxg@ mélbs{%i%g_ Vi dte)%t coder, at

| east t hewreX tEMBISEIbE ink3rfor weifich dso brabaility af errer ist megligitie aneh thecept abl e
quality Dmn and the maxi num achi evablﬁ ality Drax for each of said

resol ut i oRwailablehibFates.ig B £$285S MHFN NPT yser (Ui) associated with a
transm Sshgﬂerél%&i‘s having an available bit rate di and a probability of
error Pe" and for each available resolution C the%& %use{.u{ ﬁgt rate,
pr ot ect i off] &. f Beigenety JanshCe h-asTy-BeegatheMedsting & & qa&@M$tYYoP't he basi s
of said referep chart s, . t Al nd 3. ftefridtibnalt he

resol uti oﬁ"%@&cﬁg%cﬁ%hﬁ g\%"feéér% ﬁ%@érﬁ%ss'g&%e’r E?ecicvefeegrnqgﬁgléﬂﬂfand representing
sai d user Wdkshdm émeMuitimediaplProecssiugl (MSAHEE)usep 3026305, r Yi®Oowdhd y- axi s
pl ane equal to the total bit rate, excluding fromsaid representation the
users U @ﬁiﬂéﬁah@%z%o%ercei ved quality val ue bel ow the acceptable m ni num

thr_eShO' d[i])ré.nBergeron 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.
[3] 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.



"36 ‘evaluating (903.3) the function f which Iinks the useful bit rate to
the total bit rate on the basis of the representation of said users (U),
if the function f is strictly increasing for all the users (U) considered,
then ranking the users in honbgeneous3§roups according to the perceived
quality, the users of one and the sane group being associated with the sanme

resolution Cbhest, if the function f is not strictly increasing for at

| east two consecutive users (U0, Ul)gLAifR§Uti ng at | east one of the

followi ng steps: i. nodifying the choice of the resolution retained in the
step 903.2 for at |east one of said users (U0,Ul), ii. replacing said users

(U0, Ul) with a virtual user (U a) far whi ctotal hi L

the 1 onest!- thr Pt o B anpctbecPe et S riaiabid RiRgraual to
protection efifésisaBakn by a0AGH cb@et, kaidvidieownaanocensistmg ef dipturaliy of said
users (UG Ulg, iii. elimnating fromthe ranking, the user i ch, has the

hi ghest t ot alC)bpt resalution dryess ANd REING GPMPARTS e 10§ BRSNS bR | ndex i

and i n ascendi.ng..order. : i ; e i t
o0 st e DSy [Soban b GaldRRr b L Slaif) o goF GRRESORIOIIDY aTbt or s
| east the effiéteregeneolR)narivorthéo @oplugality i) cbdesers {Uih ehpgagterizgd the |

reference charts, the. quantizatio t .being determned relative t
t he | owest a@‘é&ﬁ&ﬂ@rﬁgﬁs qt(ﬁﬁaes%i%ﬂ)él%y\ﬁ@g égnsm ssion |inks of the group gf
users to whi Ch.si{;gnér%ﬁﬁguw@ﬂ lrapspeneé thRERX Wwiths vitsish gneddetdmires fi ci ency

(R of the correcting code bei'ng deternmined as being the |owest efficiency
among t hose al | oceomprassiathgaid@eterss alalagsyribap quackzaiioss stepy (9%)(1 vi deo

stream by applying, sai %ro %Eﬁé%gﬁﬁngfg@,r&Slﬁggpth%aﬁr%@&%rnseﬁic%ﬁcy, as
a function of the useful bit rate on the one hand and of the
perceived quality on the other hand,

e initializing (902) the parameters representative of said video coder,
at least the maximum number Cpax Of resolution layers, the
minimum acceptable quality Dmn and the maximum achievable
quality Dmax for each of said resolutions, |

e determining (903.1), for each user (Ui) associated with a
transmission link having an available bit rate d; and a probability of
error Pe;, and for each available resolution C;, the pair {useful bit
rate, protection efficiency} which offers the best perceived quality
on the basis of said reference charts,

e retaining (903.2), for each user (Ui), the resolution Crest Which
offers the best perceived quality and representing said user (Ui) in
the x-axis plane equal to the useful bit rate and y-axis plane equal
to the total bit rate,

e excluding from said representation the users Ui which have a

| perceived quality value below the acceptable minimum threshold
Dmins



protecting said video stream by applying said protection paraneters to it.
2. The nethod as claimed in claiml, characterized in that said conpressed
video stream consists at least of | frames and of P frames and that the
perceived quality is determ ned on tI86 basis of the follow ng rel ati onshi p:
N CD gop =111-1(1 Pe)l1l6l. k .D O i=0 k=1, 1?; CN k-1i-1 13j knj k EI[F1110
Pe) m ! no- pe)(1-(1 - pe)P--)D10 |, i=0 k=1 j=0 1=1./=0 in V\/nichN S

the number of | ”%Q/Sﬁlahﬁga(g%?%gpth@fuhgﬁ&ﬁ? WFERNinkE the Jdbfulrifrea

resol ution Iayers kKth resolution |ayer of the ith
' P frame, Dl oss i the itstal it wits toor tHeobasissafr thedrepneserntatiork oh saisk gBefsi on | ayer
of the ith P frang.is |ost whereas the preceding franes are correct, Do is
the average di stdHiion of a group of inmages without error, pi,k is a

predefined paramgf gﬁe Plfhdtl%nt ff'elsors‘?@&ﬁ) ||hélﬁéa§fngerf6|0ralprthbhﬁséfsar(sm ssi on
link. 3. The nmethod as clainmed in claim2, characterized in that the

distortion Do is consilered tthen sranking tthensisees rigt iNGNSIGREOUS  groups
according to the perceived quality, the users of one and the same

group being associated with the same resolution Ceest,

e if the function f is not strictly increasing for at least two consecutive
users (UO,U1 ), executing at least one of the following steps:

i. médifying the choice of the resolution retained in the step
903.2 for at least one of said users (U0,U1),

i. replacing said users (U0,U1) with a virtual user (U'a) for
which the total bit rate is equal to the lowest total bit rate of
said users (U0,U1)-and for which the protection efficiency is
equal to the minimum protection efficiency of said users
(U0,U1), |

ii. eliminating from the ranking, the user which has the highest
total bit rate,

« determining, for each resolution layer of index i and in ascending
order of the resolution level, the compression parameters, at least
the quantization step (QP), and the protection parameters, at least
the efficiency (R) of the correcting code, on the basis of the
reference charts, the quantization step (QP) being determined
relative to the lowest available bit rate among the transmission
links of the group of users to which said resolution layer of index i
is assigned, the efficiency (R) of the correcting code being
determined as being the lowest efficiency among those allocated to
the users of said group,

e compressing said video stream by applying said determined

compression parameters,



"4. The method as clainmed in claim2, characterized in that the distortion
Do is determned as the difference between said conpressed video stream at
a given resolution and said nonconPressed video stream at the maxi mum
resol uti on anong those avail able. 5. 3the nethod as clained in one of the
precedi ng clains, characterized in that said honbgeneous groups are
determ ned in such a way that a gi ven mnimumquality difference exists

R B e A i e i B S L e et

cl ai s, charact aI SO conpr for checking
t he ch0| ces of cwngmsfér@moﬁararret ers, which consists at least in

det ernmi ning the perceived quality netric of the video stream and checking
that this netric is greater than Dmin and |l ess than max 7. The nethod as

clained ip r?lfeﬂic;be DIRARRNA fdif mchacraatre@@é@rm el gaid bbmbreastseall so
conpri ses a step o aadl ng additional protection (910) usin rrecting

codi ng nechaidenstbaowsorsisterati Ingstenle hframescane @ \Prangas ?ﬂ% lﬁ%tt d as
| d f -d d
(s:t ?Ieglran h:ag gorée;(é&vgt%ﬁgag%qg %g?é} décf(’)‘?ﬁ?lge SRaIAFHRE 'fcfl%q\nh rdiBdnghp.d Vi deo

oral resolution and/or variable
resolution in terms of quality. M. cA systemfor detern ning coding
paraneters of a variabl e- Degpkuf ildn| i €€ )StT'éah), “characterized in that it.
conprises at |east a video codef_jyanyd an associ ated control device suitable:
“for driving sajd.vigep, coder by executing at | east the steps of the method

as cl ai med mzrz[(r[f‘llﬂrfqa}”tbﬁ(l P/ (- (1- P) )Dioss, 1

i=0 k=1 j=0 I=I

in which N is the number of images in a group of images (GOP), C is the
number of resolution layers, nix is the size of the k™ resolution layer of the
ih P frame, Digss ik i the distortion observed when the k" resolution layer
of the i" P frame is lost whereas the preceding frames are correct, Do is
the average .distortion of a group of images without error, Bix is a
predefined parameter, Pe is the probability of error on the transmission
flink.

3. The method as claimed in claim 2, characterized in that the distortion Do

. is equal to the signal-to-noise ratio PSNR.

4. The method as claimed in claim 2, characterized in that the distortion Do
is determined as the difference between said compressed video stream at
a given resolution and said noncompressed video stream at the maximum

resolution among those available.

5. The method as claimed in one of the preceding claims, characterized in
that said homogeneous groups are determined in such a way that a given

minimum quality difference exists between each group.
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_ The method as claimed in one of the preceding claims, characterized in
that it also comprises a step (909) for checking the choices of
compression parameters, which consists at least in determining the
perceived quality metric of the video stream and checking that this metric

is greater than Dmin and less than Dmax.

_ The method as claimed in one of the preceding claims, characterized in
that it also comprises a step of adding additional protection (910) using a

correcting coding mechanism allowing for incremental redundancy.

_ The method as claimed in one of the preceding claims, characterized in
that said video stream has a variable spatial and/or temporal resolution

and/or variable resolution in terms of quality.

. A system for determining coding parameters of a variable-resolution video
stream, characterized in that it comprises at least a video coder and an
associated control device suitable for driving said video coder by
executing at least the steps of the method as claimed in one of claims 1 to
8.



