1 I'NTERACTI VE SYSTEM AND METHOD FOR TRANSM TTI NG KEY - FNA@SSEEECT ED%RGVI A
VI DEO STREAM OVER A LOW BANDW DTH NETWORK 5The invention rel ates
interactive systemand a nethod for trahsnitting images ajmmwwu’mmumm
constrai ned-bitrate networks. Mre precisely, it addresse of
transmtting high-resolution relevant inmages w thin a-video segeerice over

|ow-bitrate networks. The invention can, inter alia, be used in

applications inplenenting the 10 st andar d defined i n commn t he | SO MPEG
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al so applies within the framework 15 of systens for transmtting inmages

usi ng the JPEG 2000 standard and the JPI P comuni cation protocol (JPEG000
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of being able to trans resolutlon vi deo equences over

constr ai neot{ehnstml&ttng reiages kand | videesl, over hcostistrained-bitrade  netiooks elylosace,

even after co hon via a 20 suitabl e source codi ng devi.ce exhi bits a
vc' Eé ﬁ'ngf
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channel , nohaRes wiltih adfiddd gebe&&m}m&«%mﬁ%a&bmg on consists in -
selecting andtransmtting within the sequence only certain inmages at a

| ower resol The anvéntiont leanprioter eatia, t benusad de applicatiens i impleraeetinghtthe nages
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transm ssi off thedTeHTterrhed Pe2641Rr MPEGRE AVCl(aatamadd dteoraveiie which

is a video standard providing more effective compression than the previous

video standards while exhibiting reasonable complexity of implementation
and geared toward network applications. It also applies within the framework

15 of systems for transmitting images using the JPEG 2000 standard and the
JPIP communication protocoi (JPEG2000 Interactive Protocol).

One of the problems to be solved resides in the fact of being abie to
transmit high-resolution video sequences over 6onstrained—bitrate networks.
Indeed, a high-resolution video sequence, even after compression via a

20 suitable source coding device exhibits a useful bitrate which often exceeds
the capacity of the transmission channel, notably that of wireless networks.
One solution consists in selecting and transmitting within the sequence only
certain images at a lower resolution_but the problems then arise of selecting
relevant images in the sequence so as to transmit almost all the useful

25 information contained in the video. Another problem to be solved relates to
the transmission procedure to be implemented to transmit and recover,
receiver side, the high-resolution images. Moreover, the implementation of a
form of interactivity between the remote operator and the sender so as to

- select only a part of the video stream for transmission exhibits appreciable
30 advantages so as, for example, to adapt the transmission to the requirements

of the operator, and to thus transmit only the information deemed relevant.
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recéiver side, the high-resolution images. Mreover, the inplementation of
a formof interactivity between the renpte operator and the sender so as to
select only a part of the video stream #or transmi ssion exhibits
appreci abl e 30 advantages so as, for exanple, to adapt the transm ssion to
the requirenents of the operator, and to thus transmt only the information
deened rel evant. 2 Finally, the concern over inplenentational conplexity

is an inportant point to be taken into account in_achieyving a global
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fromthe point of viewof the end user. In the qonltext of a transm ssion of
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t he cont ext the conpression of sai sequence by a suitable
vi deo coderand ezhibdingi mgweapaoaﬂysfmmnbe@wmtmfhnawldf the: endryseesladtiei n t he
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sequence Cowh@%mﬂﬁlrﬁggééﬁar@%r &lample! HicaBtwhiBRERAIbIH sighfficahfiR@dsal Of
sai d sequence. 15 Selecting relevant inmages in a video_ stream The

i ssue of sedlé‘eterwg ire| eardent. i Inadhes asinteNtnok the deampeassione fi saidf vidao
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procedure making it possible to select key inages wwthin a video sequence.
Thi s -pr oced@y@ity '§ote<im30\9§ ‘{'ﬁéat(ﬁ%’dﬁ%ﬂ %%@Tm%ﬁs‘iﬁ d.t Aecedifgbhcd so as

to produce &%g{agg“ s'ef@ ?Peo 5 dﬁ'a%heqhééepef "ré}évfaﬁ{jﬁﬁQ%éé"eor

real -time broa msince It requires rocessi ng
of the entPmeym&ageqbehgndmeqpemdmce the set of associated key images. On
the contrary, the constraints related to video transm ssion make it
necessaﬂ? to process the inmages on the fly, the procedure for selecting key

i mages thenSQ%@ﬁ,ﬁ,g Péle@éntﬂﬁiglﬁ_!lbs‘?ﬁ a8Méy sp8am fromthe current inage and
optionally 1 enporally close nei ghbors, in particular 'the previous
images if it | s Tesiissue b salentmgzeelemtamagesnwﬁhmsaowdaelsmuence is
often handled, in the prior art, by way of solutions which consist in creating a
summary of said sequence by taking into account the global content of the
20 video. For example, patent application US2008/0232687 describes a
procedure making it possible to select key images within a video sequence.
This procedure also allows the temporal segmentation of the sequence so as
to produce several scenes. This type of method is not suited to the real-time
broadcasting of a video stream since it requires the processing of the entire
25 sequence to produce the set of associated key images. On the contrary, the
constraints related to video transmission make it necessary to process the
images on the fly, the procedure for selecting key images then benefits as -
point of entry only from the current image and optionally its temporally close
neighbors, in particular the previous images if it is desired to minimize the

30 transmission delay.



Vi déo stream conpression techni ques A video sequence, by its very
nat ure, conprises considerable stati stih3cal redundancy both in the tenporal
dormai n and the spatial donmain. The wish®to nake ever nore effective use of
t he passband of the 5 transm ssion nmedia over which these sequences travel
and the objectives of reducing their storage cost, very soon raised the
question of video conpression. The conventional video conpression

t echni ques can %enerall be divided into two steps. The first is ainmed at
reduci ng .sp4EeQSTEgRLeHRIGSSINIECRRIONES ¢ at conpressing a still image. The
image is firstlyadiybdedeal 0 Kol ok ! S i i ing to
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30 which it 1s conposed. The other grades correspond'to refinenments of this
base sequertbe.segendrialtbyredhee rth¢ itemporal rgduddancyavihis teghnique qakesi ks 4
which are multiples of that of the base frequency, t rat,l t hese
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l evel s, a rediction). elhkis terhpigsisl cenwsts(baseaichind throuah these Jefrepse ai ned,

N ver | OAS(B | | 0,
o0 e b dnthgsS (B e Bk §licn <" alsitd P BpPfa 256@EAon, dhd Bhf £XaP! ©
accessi bl e,mbtiem estimation cectoerjorigspbndingf taties displasementl of sthacbloek abl e.

If the |ast refinenment |evel is addc-fd, a video content with the. ?rigi nal
tenpora[zoregq;wgppotﬁe(tg@ rages q;epvel as a residual error making it possible t

refine the visual renditions, are retained.

Te'mporal granularity in a video standard

A stream of data compressed according to a procedure allowing

25 temporal granularity, or "a temporally scalable compressed bit—stream";
follows a coding scheme of hierarchical type. This hierarchy in the coding
scheme allows the definition of sets of images which are accessible by grade

or temporal resolution. The first grade, called "base resolution”, is the
minimum sequence allowing degradation-free reconstruétion of the frames of

30 which it is composed. The other grades correspond to refinements.of this

base sequence. Generally the refinement grades have frame frequencies



10- Second) is achievable. Each of these subsets is assunmed to correspond to
effective conpression of the information that it contains. Figure 1 shows
di agrammatically an exanple of tenporal4granularity. The base level (0) .
corresponds to the m ninumtenporal resolution which is transmtted. Wthin
the framework of video transm ssion, the code stream corresponding to the
15 base |l evel represents the mninmuminformation that nust be received by
the recipient and nust therefore be conpressed to ensure the fewest
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hand the images contained in the base temporal ‘resolution may not be

predicted on the basis of an image contained in another refinement level.

25 JPIP standard
The JPIP standard (JPEG 2000 Interactive Protocol) defines a

protocol dedicated to the progressive transmission of images in accordance

with the JPEG 2000 standard. It makes it possible to exploit the various
granularity levels proposed by JPEG 2000 (spatial granularity, granularity in
30 terms of resolution, and in terms of quality). Indeed, subsequent to a request

made by the operator, only the information necessary to satisfy this request



In order to deal with the limtations of the prior art, the invention
proposes a new approach which consists in working only on i mages which are
under - resol ved and under-sanpl ed tenpor@lly in an intelligent manner so as
to reduce to the maxi numthe redundancy and to adapt to the required 25
passband. The proposed solution also allows the analysis of this
under -resol ved sequence in an interactive manner via requests perfornmed by
a renote operator. The present invention is conpatible with the follow ng
st andar ds. |$Heansn26ad sdQiRg $0dNi & PERITESHYE Fiannenin termy ahadaldy.- 1l®eseo. The

St andar d i STRY nod o PR Eebired iy, RS 200 YariafThaker e e

subj ect of pdusiblevest teretransmitetreodirebdpntransinittedairfoinsstiomn Thus the
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char act er | Zi€§oHcesHAteps ©hRHFate dwangmitted apd saerRiedly et p‘é@%%‘ﬂgr{g the| evant

| mages CQW&%IH%S%% Fahshiisi éﬁ)thW&@ Iﬁ??é’r?ed ﬁ\ﬂlo Br Jthe%?édétcrﬁﬁ h inmage

to be transmt at t e I nstan I'nto a -nunber zones For
each zone nofdkhbemfnrnmﬂlonrbengmlérardaimllatsepassnalleue na,pldly)wearpraepanhtaitlve of
t he content , of. said e transm tted,

generate a edrige Wt fagwisiialh, daid %ﬂﬁww&sq(}@ ool e NG ERRE B o o

i mage and cqa\l #fBHASAR reabiyeg, obtained in step 2 for each of the zones
deternmined in step 1, VN = [Vo (t)1T , HT being the transposition operator

for a vectofhis stamaad meyc eatuses rtor perfopad intsegativei dansovission reithti on a

dot or m At AT TRE SR B aecat ahbission R PakE2p00mped o' T
/(t1) and thatddks Mot reake il p@ﬁibléotfo trmeﬁwnlt ané sam@eypSé tof rethodhfor
followi ng calculation: R TN (k - % i s the tenporal

1JRTv (k - Midegtransmission hased on %déffﬁréﬁ §@npﬁﬁbén Paﬁ@ﬂaﬁ th%?@cﬁoﬂem si on
on the sel g ér?r'rnggéotﬂ)m]egﬁératt&aﬂ/ﬁmnsé'\f?dﬂecf)E LA ﬁHﬁ%rﬁﬂfed' LoN& {ak

conparing the vana ornal I zed Ccorre |on coefficrent a vvl{E one or
mor e t hr eshietalacdont by thiglpretocbl.xed a priori. 25In a variant enbodi ment of
the i nv%]ti on, the value v,, (t) calculated in
The prior art, such as described previously, does not make it possible
to solve a certain number of problems, notably high-resolution information
transmissibn in a network exhibiting a constrained bitrate. Interactive access
to an image, or to a zone of an image, within a video stream transmitted in
20 real time is not covered by the state of the art either.
In order to deal with the limitations of the prior art, the invention
proposes a new approach which consists in working only on images which
are under-resolved and under-sampled temporally in an intelligent manner so
as to reduce to the maximum the redundancy and to adapt to the required
25 passband. The proposed solution also allows the analysis of this uhderf
resolved sequence in an interactive manner via requests performed by a
remote operator. The present invention is compatible with the following
standards. The H.264 standard is defined by ISO/IEC standard 14496-10.
The JPEG 2000 standard is defined by ISO/IEC standard 15444-1. The JPIP
30 standard is defined by ISO/IEC standard 15444-9. |



steb 2 is obtained by calculating one of the criteria derived froma

hi st ogram cont ai ni ng the | um nance or chrom nance val ues of the pixels of
the zone n of the inage /(t) - said cri®eria i ncludi ng: the energy, the
vari ance, the danping 7 coefficient (or Kurtosis), the asynmetry
coefficient (or Skewness) or the center of gravity of said histogram- or
by performng a |inear conbination of at |least two of these criteria.

In a variant enbodi nent of the invention, the step of selecting relevant 5

i rages addi t i onah¢spréinatyr ite@ssubiact of | g fyestiepsis @ Mebogasf somtin@ach
011y digtisiniapion 4 & high:esBihiBh Viieg SrqjeifbepdipOysd BPASCREREio) ) ¢ ich
that Av n(tof Fiméges, chafactedizdd lin that3t bemnprses gt least posiste ef sakeetieg .

10Cal cul ate the norm 11AV t%.o.ftgg ve(i or A'Vl”ﬁt and di vide said
vect or bysai'§RYeHt BoR9es Rfising & {east APIOMNSIORS: (1) = "= (Avo (1), ,

AVN (t))s 11A V N(lep 1: Split @R Uhige fJ‘S(FftPAHs?HﬁtQQ A%hEanstaht €lihtNa SO as

to determ ne whet her the is uniformor localized distribution of the
di ff erences bet weenutmrendN ofmonesages considered: o DC = (A V AVMAX - -1)1(1-

00 < SOC, the dit! SIgheed DEARLAOTHE FebTHBgely sne  aer Gel e B or v
v, (¢) representative of the content of said zone,
> Step 3: For each image I(r) to be transmitted, generate a vector
10 V,(t) of size N representative .of the content of said image and
- containing the values obtained in step 2 for each of the zones
determined in step 1, V,(t)=[v,(t)...vy ()], [I" being the
transposition operator for a vector.

> Step 4: Calculate a normalized coefficient of correlation a between

15 ~ the reference vector R, (k)=V, () =[r,k),,r,_ (k)] determined
for an image previously selected at the instant
I*(k-1)=1I(t,) and that V,(¢) calculated for the current image I(t)

via the following calculation:

T
RL(k -1}V, (1) _. where k is the temporal

* TRIG0R, G- VIOV, 0

20 index of a selected image.

> Step 5: Make a decision on the selection (or not) for transmission

of the current image I(t) by comparing the value of the normalized

correlation coefficient a with one or more thresholds having values

fixed a priori.
25 In a variant embodiment of the invention, the value v, (¢) calculated in
step 2 is obtained by calculating one of the criteria derived from a histogram
containing the luminance or chrominance values of the pixels of the zone n of

the image I(t) - said criteria including: the energy, the variance, the damping



20di'stributed, otherwise they are localized in a given zone of said images.
In a variant enbodi nent of the invention, step 5 is inplenented by
performng a test of conparison between/the correlation coefficient a and a
predefined threshold S, a strictly positive integer, in the follow ng
manner: 25> if a < S, the current inmage At) is selected, the reference
vector is updated R A, (k)— VN(t) and the selected image index is

incremented k = k + 1 in the converse case, the inage i s not
retai ned ascaesficigninfori K&@@SISD nthe \asymanetne meeffioientt (st Skewnessient ithd, t he

BLEP O oL G SV O SRR SO S Bk A et oL oPs

sel ect ed imtaé@ﬁtﬁoaﬁdhég@cmat ed by 1 with each new current image 1(t)
received as well as_ a maxi mnum val ue of. said counter For each

t | nmax,
i mage, perforM tah\éarf%]tlQWlPﬂ‘éf“t%ﬁrPJr h§dHV‘?'ét£qn the sfers Ogrﬁ?IQFﬁtngl repEnt max,
sel ect sgl qrd %o%?tlcfn%lllf r|s QlRe follb@lih gnbodl ment of the invention,
the step of s Ing re eva I mages conp s the foll ow ng additional
steps: Define anwi mgmecbamtsejf eaeh pair oﬁvécttats LRG(kt-01).V, \(hE nolstaimeldefonnt
image is selected in step 5 and increnented by 1 with each new current
i mage 1(t) recei vetheanghir ofi images v@ri(g —aj,/6pi, dcaloulateera Isemuindl vetior  For
each imge, performthe follow ng conparison test: if a < S

AV, (1) = (Av,(t),--,Avy, (1)) such that Av, (1) =

being a given positive integer.
10 > Calculate the norm |AV, (¢)| of the vector AV, (r) and divide said
vector by said norm to obtain a third vector
AV, (1) |
lav, o

> Calculate the following extra criterion so as to determine whether

A'VN (t) = = (AVO (t): s Av}\ (t))

there is uniform or localized distribution of the differences between

15 the two images considered:

o DC=(AV,"™ - %) e %) , with

AV = MAX(AV', (1),0<n< N,
o apply the following test, if DC < Spc, the differences
between the two images considered are uniformly
20 distributed, otherwise they are localized in a given zone of
said images.
in a variant embodiment of the invention, step 5 is implemented by
performing a test of comparison between the correlation coefficient a and a
predefined threshold S, a strictly positive integer, in the following manner:

25 > if a < S, the current image I(¢) is selected, the reference vector is
updated R, (k)=V,(r) and the selected image index is

incremented £k =k +1



and'cpt | <cpt I mn, do not retain said inage as relevant. In a variant
enbodi nent of the invention, the step of selecting relevant inages
conprises the followi ng additional _step%: 20> Define a desired nunber Ns of
i mages sel ected per second, Define a tine interval of duration equal to Th
for the updating of said threshold S. At each tine interval of
duration equal to Th, calculate the nunber of imges N selected by the

nmet hod during said I_grevi ous tinme 25interval of duration elgual to Th, )=. At

each tine interval TbeRABErFheapdhe hage is ARldetginedhasvaryanbmadse
threshold Sint : | cgﬁ{yﬁ ' ; NS 0 S - i
If N > Ns, SI:nS Iﬁeasg?ﬂle\;/m\éérngg% | s?Ea)];]tHlé;]Iintb|b gﬁ'% t??&é@ gfn ocr:t"?Or >|/envaanqtcal Iy

adj ust ed i noregesrdomhprEesi the fellawing geditioalblisteps 9 In a variant

enbodi nent of the iypyention, step 5 consists ..n.performng a test of
conpari son bet\/\;%nﬁ]e;ﬁ@ec%? rB139E; ggur&tgémt_el-, érllllbal_ eﬁ‘n}:o a W e8| S???)V@é\tt i ve
number Jsof predef ifigge idserefddith Step 8 dnd<intrerhBnieldcoy al WRMica@hRawer : 5>
If 0 a<Si, the current inmage Is selected with a nmaxinum degree of
priority, ). If Sicarrenisimage fl@) racgived asiweheasc armanimumaygiue ofssgidct ed

w th a nean degree rigpity i, |If aSy, the image is not retained as
relevant, Si is a S:%F‘%{Fgf—’—%ak

» For each image, perform the following comparison test: if o > S

and cpt_| >cpt_|_max, select said image as relevant.
10 In a variant .embodiment of the invention, the step of selecting relevant
images comprises the following additional steps:

» Define an image counter.cpt__l, initialized to 1 when a relevant
image is selected in step 5 and incremented by 1 with each new
current image I(t) received and a minimum value of said counter

15 cpt_I_min,

> For each image, perform the following comparison test: if a < S
and cpt_I < cpt_|_min, do not retain said image as relevant.

In a variant embodiment of the invention, the step of selecting relevant

images comprises the following additional steps:
20 _ > Define a desired number N; of images selected per second,

> Define a time interval of duration equal to Ty for the updating of
said threshold S.

> At each time interval of duration equal to T, calculate the number
of images N selected by the method during said previous time

25 interval of duration equal to T,

» At each time interval of duration equal to Ty, modify the value of

the threshold S in the following manner:
if N<Ns S=8S-8S
If N> N;, S= S + 8S, where 3S is an initially fixed and/or

30 dynamically' adjusted incremental positive integer value.



. 10positive integer. In a variant enbodi nent of the invention, step 5
is performed in the foll owi ng manner: ort the T inmges of said video
sequence i n ascendi ng order of the val of their correlation coefficient

a, 15> Group the T sorted inages into J+1 groups hierarchized as a function
of the value of a, each of said groups of images conprising the same nunber
of images and corresponding to a nean degree of priority j'. I n

a variant enbodinment of the ipventipn, .the high-resolution video 20
Sequence i s comines i ErthedeahehiledUEMA Ser5 COnP RPSTEpIe
Perform a %P%é%}abf 43 a‘r%@ﬁpqpéﬁ(%eﬂf tRAIcHrBiHdn’ 8&Mikiehe R, \Urdeq stipm so as
to obtain a video sequence o ower resolution, Apply the step of

sel ecti ng rpdsitivenhuimiveg el of prédefinadd tmesiesjds rgie 1. <gf <I Hwier thee fallowtingn

obt ai ned, 25 Perform a conpression of said sequence by a video coder
suitabl e fdRag@®lerating a particular structure of group of images, in which

the relevant i e | e def ines . | Ut i ning
the set of rel e\im%nﬁ qsgréxggtséagtg e%:"{ngégﬂi"ﬁagﬁéggg%é%\sn@ﬁ@%t"#gk@ﬁhe%%%@% ecting
rel evant 10 i nagegf g@d;,iity,ers only one group of relevant imges all having
the sane degree of priority, o several tenporal resolutions, each

cont ai ni ng the rel B\ oi dgesfosdl 8dted-inercurentsimageris sglapted with a
priority, in the 5 case where t.he step of selecting relevant images
delivers several gmﬁ%]s ?ﬁre?&?gvgﬁwji mages with different degrees of

priority. Ina yagiamg,, &n@qdiarjgénts Abt Férairiadv astiefivant,g; W aestrichyler
conforms to the H 264 standard. 1I0In a variant enbodi ment of the invention,
t he hi gho r esol ut i opositive tteger.

In a variant embodiment of the invention, step 5 is performed in the
following manner:
> Sort the T images of said video sequence in ascending order of the
value of their correlation coefficient «,

15 » Group the T sorted images into J+1 groups hierarchized as a
function of the value of o, each of said groups of images
comprising the same number of images and corresponding to a
mean degree of priority j'.

In a variant embodiment of the invention, the high-resolution video

20 sequence is compressed before transm'ission via the following steps:

> Perform a spatial under-sampling of said high-resolutibn video
stream so as to obtain a video sequence of lower resolution,

> Apply the step of selecting relevant images to the video sequence .
of lower resolution obtained,

25 » Perform a compression of said sequence by a video coder suitable
for generating a particular structure of group of images, in which
the relevant images selected define:

o atemporal resolution, containing the set of relevant images

selected in the case where the step of selecting relevant



sequence to be transnmitted is saved in a storage unit and that an irmage or
i mage zone of said video sequence is selected so as to be transmitted or
retransmtted according to the fOIIomﬁﬂQ st eps: Perform a
spatial over-sanpling of said inmage so as to obtain a 15hi gh-resol ution
imge, Calculate the difference between the over-sanpled i mage and the
correspondi ng one previously stored so as to obtain a residual, Conpress
said residual via an imge coder so as to produce a )

conpressed stream conpr IRagRS elivess onbacke Iraup caf delevant images all

20i nformation on the hi ﬂgvifnhqﬂ%"égﬁ‘i‘eeéqugrgetd?@ribﬂﬁge and ot her packets which
e Tow fre S 0

contain an information on _ €ncl 'said inmage, Transmt said
conpressed streamto & severhkteppord aesolutions,neachs gohtaning rthedietevaint of t he
invention, the inage to, be retans jtted or. the irragq’e associ atted V\‘i‘th said
i mage zone to be retrandRR9segelestRG ity aqdifsrentidedres loRfigty I, the

nei ghboring i mages wit hj I ih- L& AH o i to
determ née which is the Fg?aés;% rgrtggdétgé?g%ﬁlﬁglq@op?ﬁ\éﬁol 0 'ngé)“sﬁ%s:
)=. Cal cul ate on the i nageerat gtdupsi ofarpdeven émagee svittddiffecenttdagrees of
representative of the sharpness of said i mage or inmage zone, said
30shar pness criterion e?H?_'E’iyti ng a first extrenmum when said i mage or 11

i mage zone i sypghiasight ¥mboairhest tﬁesﬂf@ﬂ@n?Méﬁﬂém&ﬂépébhﬁrmg tbhge first

when said i mage or imge zone is totally blurred, )=. Performthe sane
cal cul at i orH2@4tstendardenpor al | y nei ghboring i mages, M being a predefined

value, 9z Sel 6ty Wi ARAURBSkinIRISE RS ClrifRloh O 1l hifh YdQHfor §ikgs ! on and
retransnmit this Tnage or € asSoclated I mage zZone, in place o € one
initially ssiquened.to be trhnsmitieal isagdveeninoalistarage aitt dved thateant innage bhe | nage
coder is suitable for defining the order of dispatching of the packets

maki ng up tMagecrRiie &t Said) ¥idep, srgHeRse st alestedso a8 tpeg frangmi or

- :OPT 8: im-ati O fraHeR e 6nG b thL Fdifodify 5Rpst ransm ssion and fixed a
> Perform a spatial over-sampling of said image so as to obtain a
15 high-reso|uti6n image,
> Calculate the difference between the over-sampled image and the
corresponding one previously stored so as to obtain a residual,
- » Compress said residual via an image coder so as to produce a
compressed stream comprising at least packets which contain an
20 information on the high frequencies of the image and other packets
which contain an information on the low frequencies of said image,
» Transmit said compressed stream to a remote operator.
In a variant embodiment of the invention, the image to be retransmitted or
the image associated with said image zone to be retransmitted is compared
25 with its temporally neighboring images within said high-resolution video
sequence so as to determine which is the least blurred according to the
following steps:
> Calculate on the image or the image zone selected a criterion
representative of the sharpness of said image or image zone, said

30 sharpness criterion exhibiting a first extremum when said image or



"In a variant embodinent of the I nvention, the imge coder conforns to the

JPE&000 st andard. In a variant enbodi mrent of the invention, the
retransm ssion of an image 15 or imageldone is done via a request fromthe
renot e operator. In a variant enbodi nent of the invention, the requests

and the responses to said requests are inplenented via the JPIP standard.
.The subject of the invention is also an interactive systemfor transmtting
hi gh-resol uti on video sequences, characterized in that it 20 conprises a
sender and a recei ineage 2ene is pageatushRarpAnta segond &t un @ppostte the

met hod described ppeviaousty. ... _Cther characteristi advant ages of
t he nmet hod and of {r}‘?e#"agW%B sg&q:m%g%ar %%%%&%@éﬁfq"ﬁﬁ%?%?’ be m)reg

appar ent on readi npetffndgRCehapie esicdfatiohi 6h thel Mpwempbrally exigRbbemy

enbodi ment given by way of wholly nonlimting illustration together with

the figures which ieagesdhbeing=a predgfinedvadlie,i | | ustration of the tenporal

granularity in Vi : = ' L f system
for int eéf acti vei%y Frgge%gﬁ% Sﬁ%}gpe:%imgaésacgﬁgﬂw 3%32‘@ Eg\gs{}%&bgelrﬁpa%ﬁ;&net wor k
according to the i ratearisntitithis iBagdwr Hegassociated imlalgestonal iroplacé df tiee net hod

for selecting relevant .inmpges according to the invention, )% Figure 4 an
illustration of a 9§?i'%m@n® %@Pgrent of the nmethod for selecting rel evant

e oy cepl AR erIRMBRELEDY 1o B e ciig sy
the key i magdiming fhegarder ®falispatthisgrefttherparkets taking apltbe axonopreased of
(rjleaf ggt Ig)c? nis&?e[@pggg% ﬁ;ﬂ%gﬁgrﬁ,an%dégs %lu :Elrll ?nr}brmgtii&uFe%aZdi%B aivlalllggltertﬁ riat%r]fon a
transmission and fixed a priori.
In a variant embodiment of the invention, the image coder conforms to the -
JPEG2000 standard.
In a variant embodiment of the invention, the retransmfssion of an image
15 or image zone is done via a request from the remote operator.
In a variant embodiment of the invention, the requests and the responses
to said requests are implemented via the JPIP standard.
The subject of the invention is also an interactive system for
transmitting high-resolution video sequences, characterized -in that it
20 comprises a sender and a receiver comprising means for executing the steps

of the method described previously.

Other characteristics and advantages of the method and of the device
according to the invention will be more apparent on reading the description
25 which follows of an exemplary embodiment given by way of Wholly
nonlimiting illustration together with the figures which represent:
> Figure 1 an illustration of the temporal granularity in a video
stream,
> Figure 2°a schematic of the system for interactively transmitting
30 images and videos on a low-bitrate network according to the

invention,



10 ° Figure 2. represents a diagramof the overall system according to
the invention. In the left part of the éigure Is illustrated the systemfor
acqui sition, conpression, storage and d3ta server. The right part of the
figure corresponds to the renote operator or expert who nakes the requests
to the 15 sender. The dashed arrows signify.that there is transm ssion
(either of video data or images, or of user requests) t hrough a network

wi th known constrai ned bitrate.. A hi I ut i | deo uenc
arising froma sengorf194® 3i §”f'|"\='§tﬁ"&’rb|9 NG| W é(pr §§fﬁ9ﬂ@9! re iq/ango as to

reduce the initial rqﬁﬁbggla(&eoﬁﬂqg&p%qué%r{ y the useful bitrate of the
par a

sequence to be transmt e , the sequence, 1, is also stored
locally in a storage Rigute 42an Nustatiod of acwasiadit IegIszdlmbBt phtlentmedhod f or
sel ecting rel evant recovers the u npled .stream 2, so as

to produce a sumryqa?s?lﬁﬁtlr\‘ﬁ Eeé%v%rgdmgggﬁacagrdﬁbggo rlnYeeranrl me. This

summary gakes it pOSHGLR § @andfttSFatidteofibn @ﬂeﬁfpﬂhr?iiéd‘&dﬁ%ﬁé't@ﬁﬁéral?’
within the sequence. Said sequence of key inmges, 3, thus obtained is a

string of inmmges whergfanuignty sdieneeiwitbea oRRgiraialon theektry imagess s
significantly. For >eaﬁ$ §W||b§ﬁ9t.dm898nraw%daéétﬁﬁ{ LAY J%idiBrionlfdr

det er m nes whet her s a ke Indication to the

vi deo encoder 14. Salegbahrt@mwraltr’egbmhone has at its |nput an under - sanpl ed
30 stream 2, and an indicatiaon of key image, 3, and uses these two sources

of information to prdddee® ¢ @8 W'@Es‘g@ '\?igﬂeb"fs'meéﬁﬁé” apEa9er st stream
4 13
’ 10

Figure 2 represents a diagram of the overall system accordihg to the
invention. In the left part of the figure is illustrated the system for acquisition,
compression, storage and data server. The right part of the figure
corresponds to the remote operator or expert who makes the requests to the

15 sender. The dashed arrows signify that there is transmission (either of video
data or images, or of user requests) through a network with known
constrained bitrate.

A high-resolution video sequence, 1, arising from a sensor, 10, is firstly
spatially under-sampled; 11, so as to reduce the initial resolution and

20 indirectly the useful bitrate of the sequence to be transmitted. In parallel, the
sequence, 1, is also stored Ioca"y in a storage unit 12. A fnethod, according
to the invention, for selecting relevant images, 13, recovers the under-
sampled stream, 2, so as to produce a summary of the video sequence,
doing so in real time. This summary makes it possible to determine which are

25 the key images, 3, within the sequence. Said sequence of key images, 3,
thus obtained is a string of images wherein the content between each image
differs significantly. For each transmitted image, the selection method, 13,
determines whether it is a key image and provides this indication to the video
encoder 14. Said encoder therefore has at its input an under-sampled

30 stream, 2, and an indication of key image, 3, and uses these two sources of

information to produce two compressed video streams. The first stream, 4,



corresponds to the base tenporal resolution or |owresolution sequence,

whi ch nust necessarily contain the previously determ ned key inmages. The
second, 5, corresponds to the entire vi'deo stream spatially under-sanpled
and then encoded. At |east one of these two streans is transmtted, through
5 a constrained-bitrate network, to the renote video decoder, 18, which
perfornms the decodi ng and generates a deconpressed vi deo sequence whi ch may

be di splayed. The choice to transmt one or_the other of the available
streans deFOREsPends He hisepase rteamerainresplutionor devaesakidiganeeaumieest r eam

4, Co”esp;&ﬂgaggn&a ﬁéb%sgé‘ﬁlg dSHARAT Rk a;;reéfa'ugg G’é'te%h'leidbﬁeg}g?ééé’ésmé.wd by

priority. WO conpressed streans e also store n orage unit, 15,
bef ore bei mgcbnansncotresporids tohthecastirewidee sireantespatiatie underidagtpled ype i s
used, only the priority stream 4, is, stored. On the receptiqn,sid an
oper at or, £0d g Wgegeééf%@t Py tBese «Qﬁ?léé@?"}so'stt@sv”ﬁhgg’ g’é? r.oA
first reguestsongra Hgdiﬁafeh%ea%ﬂétfbr the® RMotEOVidebe déeodér I #8SWHich on of a

specific image or the set of key images with the original resolution
(associ at egperforinst the slegodingland Jenerates)wesiecompressas vilagndequance part of

an image, sg.as to performa m on _a _preci | n t e at or
desires to"@?'g I@?yi%? rﬁc')sdﬂ%)feéégfh ic&qycéﬁoj@%nﬁ%?ﬁ% é%iﬁ@}ﬁé}of’)gﬂ%
transni tt eGvhfafleSitiiantd depehls REr fher dFeralts dmt oviathy failbble paggpandof the
20 group of |m;gres or of the image part requested. The recovered inmage is

therefore ddeoddigash fhecqrsponding e e dasestenearal nrasphitionomilyedini t 15
di dall - | t 1.gl nal
Fesol ut 1on Ay i BBl JH fll ihprefedt shahfy Uidaled siedibC"r L o

(or the i mageragarunit, N6ebéfons beirkf teashitted! ethenddse ilRsreandidebecodee of sanpl ed

i mge 25 (or the inpge partiy, 6, Is . calculated so as to obtain a residual,
9. Said redi-dB4tyRaisAisRE oNY thedrosity sreanflr 8si¥®%i a an i mage encoder,

21, conformnghe fepfdA R antdhdrifor 1o, K3 IR0k e saPEa flpestofird +é;§t§t esi dual

t
which is therea {er transm’ttecg)to the ‘operator via, g'(?r exa , the use
of the JPI Rhéivideecsermanl Apfict oeguest7. 8,Callows eibei operatbre tat askardoi shelecoded
progressively 30 via an, i nmage..decoder 2, the decoded residual thu
obt ai nedf i sr_eﬁ'ﬁﬁ?fmﬁs&%} gﬁats&%&ﬁlci 'MAgE ‘?re_é?osr‘%ﬁ?efd?’?yrfﬂaﬂe& Wé@?h%\/r?f'gwa n the
basi s of thegolufidn (SSdéiREd With 10k stefh%ofﬂ(l)FWHis)Vé t thi afgttbé Adecs®! ut i on

image that it has received (that which allowed it to make its request to
obt ai n cond pagmfary imagersmasdn)pasfam depom oonpIpseeisel elempnkethaddhe mage to

the operator. The latter, Wil thus .0 P r Lveby:.r uct the
part of  noRerags dfrESgntlepil YELNh, ehdliS " T RE0EH B s BRAERHE

resol uti on tpHEMREH TUM @wd 7ywhiehr ge&forms the rddivepper ah@rimhgecah thet er act
with the systemaccording to the invention according to several scenarios.

For exafl grone afeigiages ohef the iaegsi Balt gRAUestRAgH NEersoVeTashiBadats i nage
or of an i Wﬁ@%f&r%”&e@clde%agx the basis of the stream stored in the storage unit 15

and is then spatially over-sampled, 16, so as to return to the original
resolution. The difference, 25, between the original high-resolution image (or
the image part) previously stored in the unit, 12, and the over-sampled image
25 (or the image part), 6, is calculated so as to obtain a residual, 9.
Said residual obtained is thereafter compressed via an image encoder, 21,
conforming, for example, to the JPEG2000 standard. It is this residual which
is thereafter transmitted to the operator via, for example, the use of the JPIP
bidirectional protocol, 7. On reception, the stream is decoded progressively
30 via an image decoder, 22, the decoded residual thus obtained is

communicated to an image restoration module, 23, which on the basis of this



10 transmtted at | ow resolution. The operator 19 can al so request t he
transm ssion of the video streamor of the high-resolution i mages between
two i mages already transnmitted at |ow Aésol ution. The net hod,
according to the invention, for selecting relevant imges, 13, makes it
possible to determne, in real tinme and during transm ssion of 15 the video
stream the key images of the video sequence. The set of these inages

represents a sunmary of the information of the hi gwpresol ution initial
sequence. Irasigdyal §O§s@h@é¢1tflfﬂbmﬂpﬁllfdnan<ﬂ HewrigspbficAgimrge thah itupas be

the. 1 ompor APoRHed Pt MIRTpUGhel TRREaRE o gl g RS SO LOARIGREMRR O ' °

nunber of lmmgaaﬂonﬂ)epromtdasha|canﬂeterdecwnbdegsednanagenodheropiesatbheTmmdex of
a zone, K is the nunber of i mges sel ected via tBe nmet &% from anong

the T avai llaigrewill iy de able Jo pregresaivelyaiecPnsieuctdae Rarke evmargezt@éﬁ i mage
from among 4hgesipls ¢4 a?‘u%'lﬁ%t Sigm%rggelfp( t% ?ul{@@sc%‘ﬁér?%?epﬂ%gﬁn% qliity

processed vi deo sequence Each'1 mage 40
recei ved atthéfesfi nstant t is split up into a nunber N of zones which can

vary, typically s for le an, inte nber reater han 9.

Step 2: Wth eac-'ﬁl‘ezcﬂpérﬂtof ?gp%%'a{eéa%%ﬁ& Hﬁevfﬁt %&C&%ﬁﬁ’%t ovihg of the
content of ﬁ\Vérﬁloﬁo%%CSFdlﬁd1QO' gﬁﬁ@raﬁ%e‘ﬁﬁhéé Nethrageahpie) ohé Odésirise ghes e
criterion. Step 3: A vector Vof size N representative of the content -of the

i mage /(t) rebagsmissiaredt bighc mschitiomaof ag imagever okgndagenzendg alrga@p 2 for
cach 2o0F, A Uebrar ol bbbl S oneracl; Yorteh MRS Ealll DS
met hod for trisAfissios dfeth@V\ﬂﬂéo istrRaRS oraafrtnéemgmgsoaendmrmageslmm@@h R (k)
=V (t) =[ro(k), ,rN.1(k)]7
two |mages already transmitted at low resolution.
The method, accordlng to the invention, for selecting relevant images,
13, makes it possible to determine, in real time and during transmission of
15 the video stream, the key images of the video sequence. The set of these
images represents a summary of the information of the high-resolution initial
sequence. In the subsequent description, the following notation will be used:
> T is the total number of images of the processed video
sequence, t is the temporél index associated with an image of
20 ' said sequence, |
» N is the number of image zones which is determined by the
method, n is the index of a zone,
> K s the number of images selected via the method from among
the T available images, k is the temporal index associated with
25 an image from among the set of selected images.

> The current image of the processed video sequence is denoted

It

The method for selecting relevant images exhibits the following steps:



" The' | mage selected is denoted pel / 7 VC = /(t) and for each new i nage 15
sel ected by the nethod according to the invention, k is increnented by 1
(k=k+1) . Step 4: A nornalized codPficient of correlation ais
cal cul ated between the reference vector Rx(k - 1) determ ned for the
previously selected imge Fel (k -1) and the vector 17,\- (t)
representative of the content of the 20 current imge 40 a= R - OVN (t)
ROR\ (k- OWAT (t).\\W (t) or else N1 - 1).vn (t) n=0 N1 r (k -
1).r;,(k - 1). r8t8p 1. Each image (?)received at the instant t is split up into a
number N of zones which can vary, typically N is for example an integer
number greater than 9.
Step 2: With each zone n is associated a value Vv, (t) representative

5 of the content of this zone of the image and obtained according to a precise

criterion.

Step 3: A vector V\ (t) of size N representative of the content of the

image [(¢) is generated by concaten'ating the values obtained in step 2 for

each zone of the image:
10 V(@) =1[ve(t), - vy (t)]" where []” is the transposition

operator. When a current image of index t is selected by the method for

selecting relevant images, a reference vector is updated:
R,\-’ (k)= V\ (r) = [ro(k)a ar,.-\.-'_1(k)]r

The image selected is denoted I*(k)=1(t)and for each new image

15 selected by the method according to the invention, k is incremented by 1
(k=k+1).
Step 4: A normalized coefficient of correlation a is calculated between

the reference vector R, (k —1) determined for the previously selected

image / ! (k—1) and the vector V, (t) representative of the content of the

20 current image I(f)
Rf\: (k - 1)'V.-\-' (t)

“= JRE (k=R (k=1)4/ V()}V, ()

or else




"N-1'vn (t).Vvn (t) n=0 16 Step 5: A test of conparison-is perforned
between the correlation coefficient a and a predefined threshold S. If a <
S, the current inmage 1(t) is selected, 1Bhe reference vector is updat ed RN

(k )= VN (0 and the index k is incremented by 1. In the converse case,
the image is not retained as 5 relevant. The nethod such as inplenented via
steps 1 to 5 described previously is illustrated in Figure 3. The nethod is

initialized by selecting the first inmage isel (0) /(t = 0) of the seqguence
and then a new ii88ed] Aetestiof comparsqrs iss pedpfragd e%%we?n et fRffelatian

iated cri i is | t han t t hold,S. 10 | FAnt
amhodi ment SO ae 1 eaned FHESHOR Lot 8o 1 ogiteal gl LAk 5
Si +i lect J+1 foi ' Saj btained will b
i or b ahi £ SRS, PEEISBRCB RIS UBBEREC or i o014} PO AT for 3
=3, th , f i hthat 05 a < Si .has the hi ioLity, th
econd ar odf BFeAIIES 1t 8 BRGersreg s 10E B ¢ B iRk ' L '
< S2 15 andef®afft and so forth. Another possibility for obtaining J+1

groups of inmages consists in dividing the set of available imges into J+1
groups eachlhsmmsthed ﬁglcbrﬁ%qnﬂle“iﬁ!ﬁﬁgﬂ'a)ﬁtqnﬁa@ég, 5 descabed previeusly iof t he

the val ue JNEfled i Hiaud 3oTfie MetloB S Ratidt o) WpiecPlhe st ' o7 ©
i ant enbedi it n_t wh i i nisd el Ly, il able.

Thr e ar oupt A0 rhles Uil MR’ Bs el SOERO S Rod BLod Gl to the

i ti . ' . : . t i

the di stri BT aRd sBfime et i RRORRER Fherc o8 toee B B e

i mages ¢ epr eserhegdvayaritiehodim@Entribis possibie td define JahmspoRiscytiad jps t he

i mges {3,4,5,6,7,8 and group 3 25 contains_ the imges {9,10,11,12}. In
the second +a88 Sjrh8i+)rieyas t@selast JiArIRHP Of dBages.prid FRUBS NG4l ue of
their critef ; r j : r Tye] ame= [ eV MaTs ny

el ment s el Be feRBehREE ' EHRRToh o hyo YER el IR P RAIBIEISTEY i s
the i mages £ 3, §he ghdupofl imagep stich dhabidns of RS hag dise hiphkst piiofliB} the 17

The value v(t) representative of the content of a zone n of an inmage

recei ved atseceadigieupef images iRche aider alpricsity & thak pbtaired faries ef< gai d

ijgggrei P)%éjt i)q.pr?ry%)b ﬁgfgﬁ%%?gtfﬁrg?.géﬁggﬁrngoés?bi}@r FUSoHinG J-A YGThS o
images consists in dividing the set of available images into J+1 groups each
comprising an equal number of images, the distributing of the images into
each group is done by hierarchizing the images as a function of the value of
tHeir associated criterion a. Figure 4 illustrates this variant embodiment in the

20 case where 12 images are initially. available. Three groups of images are
defined by the selection method according to the invention. In one case, the
thresholds S4, S; and S; are used to determine the distribution of the iméges
in the three groups. Group 1 contains the images (represented by their
temporal index) {1,2}, group 2 contains the images {3,4,5,6,7,8} and group 3

25 contains the images {9,10,11,12}. In the second case, the images are
hierarchized as a function of the value of their criterion o and are grouped
into three groups containing as many elements each. Group 1 then contains
the images {1,2,3,4}, group 2 contains the images {5,6,7,8} and group 3
contains the images {9,10,11,12}.



5A possible criterion is a criterion based on the nean | um nance of the

i mge. In. this case, each val ue v(t)iﬁ equal to the nean value of the

| um nance cal cul ated over the zone n ofi’the i mage /(t) This criterion is
usabl e but its performance is strongly conditioned on the quantization
spaci ng used for the |lum.nance distribution function. The nethod according
10 to the invention nmakes it possible to inprove the performance of this
criterion by nodeling the distribution of the |Ium nance nore finely by

usi ng, for exanplihe valueDydl) regresentativebaisihe afnterivefrazo@ansef amirhaget i ons.
The nodel used for this is a Gaussian M xture Mdel (GW), known to the
per son ski Ireeeived atitbednstantTha@sewell @st thervestor represertative of seid oage wi t h an
15 Expectatj on-Maxi m zation (EM algorithm The coefficients obtained via
this al gorikhth)caayde ﬁalcul?ée@moaﬁm@éq varigds ghfef@ssygh agidesglibed i
particul ar wei ghting, or wejghted using the weights associated wi th each
Gaussi an aribe deaxing RaEREaPRhe EM al gorithm Finally, the nunmber of

Gaussi ans used rﬁ}ﬁpgﬁbfééérﬁgrién i E%ri[t%rgén G%%ﬂéé%hq e%@%ﬂi&ﬁinbﬁc@%f gh&nown

information crite However, procedure I ng conplex to

Dl eent , jiragel RIS @Hsdr GRAF VRIS, (118 Sl Mobitid Aol vhite bumaiance be
nodel ed by a RAistogram Said histogramis calculated in a conventi onal

gg;nte[]’e Eﬁr%@lr'ﬁ%‘c Lg%\g{élgﬁélﬁg;\/@tglhé"zorn%sﬂlw{r%nirﬂégéhﬁ‘)l.umiga&ﬁérioﬁ hat is to
usable but its performance is strongly conditioned on the quantization
spacing used for the luminance distribution function. The method according
10 to the invention makes it possible to improve the performance of this criterion
by modeling the distribution of the luminance more finely by using, for
example, a modeling on the basis of several Gaussian functions. The model
used for this is a Gaussian Mixture Model (GMM), known to the person
skilled in the art. The estimation of this model can be done with an

15 Expectation-Maximization (EM) algorithm. The coefficients obtained via this
algorithm can either be used directly as values v,(f) without particular

weighting, or weighted using the weights associated with each Gaussian and
determined by the EM algorithm. Finally, the number of Gaussians used may
be fixed a priori or estimated dynamically by a known information criterion.
20 However, the GMM procedure being complex to implement, the invention
proposes that the distribution of the luminance be modeled by a histogram.
Said histogram is calculated in a conventional manner, by using either the
initial resolution of the luminance, that is to say the number of values that can
be taken by the luminance over an image or a lower resolution by grouping
25 together several neighboring values. Once this histogram has been
constructed, several criteria may derive therefrom such as, for examplé, the
energy, the variance, the center of gravity, the flattening coefficient (better

known by the term Kurtosis) or the asymmetry coefficient (known by the term



be taken by the |uninance over an image or a |ower resolution by grouping
25 toget her several neighboring values. Once this histogram has been
constructed, several criteria may deri 8 therefromsuch as, for exanpl e,
the energy, the variance, the center of gravity, the flattening coefficient
(better known by the term Kurtosis) or the asymmetry coefficient (known by
the term 18 Skewness). These paranmeters nmake it possible to characterize
the distribution of the |um nance nore or |ess fi neI%/. The val ue(t

repr esent atPkewngssh zUiseofParABateRggeNakS Be POSsBIe eto | ghajapienas dhet he

applicatio istlriiggmHf)@]egaﬁﬁrqarg&énlag%ép%gqm%& commonly 5 denoted Y, on the

~ chrom nances; enote or’on a linear conbination of the

| um nance afif QhieN9, ()" AIBIAKASAve B% £ ToF thé Mnagl mb%d UieRte. It

conbi nation are SO as to best represent e content of the zone

n of the i”ﬂ%ﬁenﬁgron”‘%é %Eﬁﬁé’éﬁ)n@ﬂplﬂé?yabé%seﬂrb@tﬁé MrhaneBNBSMmmdrKe val ue
v'(t), instead of being based on the conponents YCrCb 10 of the inage, nmay

bE lbiasgds orﬂ&hrwéed:df’rp@méhe sﬁhbtbmiﬂ?glc&ar comsnedy slensted &5 andVieP,b9r PRea per son
[ int { LUV, L N I -1 hi
?e:or egenlt gtlinx?gr\6/“?Wéﬁ%ﬁnal%gotl?egs[l)’mm%?%‘?nnagq ?§ﬂ§{h%r rﬁﬁ%{'gh&%&%ﬁ e-lo-lhefo t he

conponent s ¢feffidiénts IdRe lihBar 6GBiiativA NE ddiérnihed sl &8 tabéstrepsesent t hi s

case, to accentuate a characteristic of the inmage that is beneficial for
t he i nt enddbie pontgsibiof the zeone nlidhe dBage foramintgndedaprlisation.dn asimdlery, an

1 bl ace sqnaSNe lim ek el SnisiRad bhesegaRetcn 11 somRencal geice ” P
10 of the image, may be based on the components of the various color spaces
known by the person skilled in the art (RGB, LUV, Lab,...). In a general way,
this representative value can also result from a transformation applied to the
components of the image. The objective of this transformation is, in this case,
to accentuate a characteristic of the image that is beneficial for the intended

15 application, such as for example the texture.

Finally, an extra criterion additional to the representative vector ¥, (#) may
be put in place so as to determine whether the estimated (via the vector
20 V,(¢)) difference between the current image and the reference image is

distributed uniformly over the whole of the image or localized over a zone of
this image onIy.'
On the basis of one of the previously proposed criteria, a representative

vector V() is available for the current image, as well as a reference vector

25 R, (k—1) corresponding to the last image selected. Each component of a
vector represents a zone of the image. A third vector

AV, () = (Avy (1), -, Avy (1)) may be calculated, with

Avn(t)=|vn(t)—rn(k—1)ﬂ,,3 >0 the absolute value, optionally raised to a power




20 UN (t) ) difference between the current inage and the reference inage is
distributed uniformy over the whole of the inmage or |ocalized over a zone
of this imge only. On the basis of ond9%f the previously proposed
criteria, a representative vector V N (t) is available for the current
I mage, as well as a reference vector 25 RN (k - 1) corresponding to the
| ast i nage sel ected. Each conponent of a vector represents a zone of the
i mage. A third vector A Viv § % (Avo (t), - Aviv (t))maybecal cul ated,with
Ay n(t) rﬂtqf-thm(ilffeml)qefs’ of the csmpqn@t&tsgothat\éeqiansUeThQ)malL@waf the r ai sed

E/%I 3J’§IWE¥ ROV bR f s 2?‘&%5'w§btgfﬁﬁu”?e%§‘$r”?%@Réﬁ JEebBingva (1)
bt ween. ¢ has (RBSATRGAIman 11 ook o b6 bleiRes oatBefl e hidochei ¢

of the 5 camagesntan ofhehh®enitaRsteiRIChyr obsénie thes hoimogeneity oasf the
differences is perfectly uniform all the conponents of the vector are

equal t 05 1/aampenents af stheneorsned veetarné v\@cﬂ&trlméwapf the difiergnRee s of
o0 TS heRR) AR, af B EhrbBRets] SRR e SRS N wiRg8 N Z2d on

a single z onent he vector are zero except one.

nor mal i zed igthé sizenbf thwe t/éetnr 16quiftonthe markbeg of impge Zohks donsjdered)le
i nformati on about the honobgeneity or the | ocalijzation, o{ t he di fF?rences

‘bet ween t wbiifs dheitdiffarensggeare Q&ﬁ&cﬂh'%@'lz@ﬁ' Q8e@ fRg's AONEs:al
MRX(AVD (1) dorf BTt s Vettpr afdlobro except brb MR Rorriikdy AtdHoM i §ttﬁéﬁ>utf on

of the differ et ween t e current ge and the reference i nmage,

AVAMAX $0 ardkfibeéd=dakihgt ihpossibie topahidainformatiort Abodi fHeehemogeneityeor a gi ven
zone, the localization of the differences between two consecutive images. Said
criterion uses two values:

> AV = MAX (Av,(1),0<n< N
» DC=(AVv," —i)/(l—i)
N N N

15 If there is uniform distribution of the differences between the current image
and the reference image, AV,”* =1 and DC =0
If there is localization of the differences over a given zone,
AV, =1 and DC =1.
The extra criterion consists in comparing the value of the variable DC with a
20 pred'efined threshold, Spc lying between 0 and 1 and whose value is
determined as a function of the scenario of use. If DC < Spg, then it is |
concluded that the distribution of the differences between the current image
and the reference image is uniform, in the converse case, it is concluded that
the differences are localized over a given zone.
25.
This extra criterion may be implemented notably in the case where a sensor
is used in a fixed position, for which it is sought to select an image on a

localized difference, even if the initial criterion does not activate the selection.



A VA AL4x =1 and DC =1. The extra criterion consists in conparing the val ue
of the variable DC with a 20 predefined threshold, Simlying between 0 and
1 and whose value is determined as a fdfction of the scenario of use. If DC
< SDC, then it is concluded that the distribution of the differences
between the current image and the reference inmage is uniform in the
converse case, it is concluded that the differences are |ocalized over a
given zone. 25 This extra criterion pay be i Ienented,noﬁabL in the case

where a sensor il8 Asedignh APPKEEHO; iBﬂ?Si?rT'grt%ﬁPEﬁtr?'_f‘ e SRIght 2o
sel ect an | 2N i Ag%cﬁl/éﬁelfi tﬂéfé%ﬁfigﬁcﬁh cpo%ﬂ‘fbi%rft LRt Bbovd ih&r i on
e se enbo tis

does not activate 't ection. n a varilan I ment, |

possi bl e t gheszhdld & by tusing wdt iamaged coahtee tepn. iThig eoanten is findremented el at i on
coefficient a renmnins above the threshold S by usj ng an i mage. counter cpt
|. This couMthereach imagecrrafivry Wt 'R 4esel itagher woel R delexaat iagedet to
one whens a JRAYG"The Mol 2onsR! At a HigxRINAIELHM Pliak Rorldag N9 _a
maxi mum val ue cp max for sald countef. en the courit®r reaches this
maxi num valaoeinteérh&Vicen thea countegaeachds this seddérued veluen thé curentimage i on
defined in s{ ep 5 is not satisfied. In an anal ogous manner, it is possible
to fix a m Minismseleated epen if the eritesiont defineddg sterbiris Bet satisfiede current
image fulfills the selection criterion (stﬁg 5) .10 but the i e, counter

cpt | has rBtareRpalogeds Mannsretids MPSAIIR 1R fud (UMM VARISCERG- AT TRRge 40
|'s not sel tﬁtﬁé%aam nfér. i GIFRATIATBAE (RS B SlRlish vitdrivh RgeRB) age of

deal i ng wi bi gder bitrate constraint e transm ssion
anot her 1varbiuthe andgel coenter cphéd hak met kateededthedpredefimgd animintunn halue,

the current image [(?) is not selected. This variant embodiment presents

notably the advantage of dealing with bigger bitrate constraints on the
transmission link.
In another variant embodiment, the threshold S used to implement the
15 criterion for selecting a relevant image may be rendered adaptive. -In
particular, the threshold S can vary over time as a function, for example, of a
mean-bitrate constraint. The adaptation of the threshold ‘over time may be
carried out by using an algorithm of gradient type, known to the person
skilled in the art, which is aimed at minimizing the difference between the
20 number of images N selected, via step 5, per second and the desired number
N; of images selected per second.
A time horizon T, is defined, an update of the threshold S being performed at
the end of said horizon. For example, but not solely, this time horizon Ty, is
taken equal to one second. '
25 At each time interval T, a comparison test is performed, and the threshold S
is modified as follows:
IfN<N; S=S-35S
_ If N> Ns, S= S + 8S, where S is an increment fixed initially which
corresponds to the adaptation-spacing.

30 The adaptation spacing 8S can also be adjusted dynamically over time.



15 criterion for selecting a relevant image nmay be rendered adaptive. In
particular, the threshold S can vary ogir time as a function, for exanple,
of a nean-bitrate constraint. The adapfation of the threshold over tine my
be carried out by using an algorithmof gradient type, known to the person
skilled in the art, which is aimed at mnimzing the difference between the
20 nunber of images N selected, via step 5 per second and the desired

nb | ect ed d. At h d,
Ipdore of MueDEE TR Bl A 8 e RLORE S8R Hlesrad s B ror
exanpl e, bulxeB%o §8't6'a¥oid Biverdentl dtebica®d) iff8 < SnhiakAen BIeasmir iP8e> second.

25 At each tine interval Th, a conparison test is perforrred and the
threshol d Stex thefi Si=8max.f ol | ons: | f N<NsS- If N>Ns, S=S

8S, wh 88 d | I h
Fdont at on TS vele Ot she SR bS Tk b Addfited 28" ﬁwcitﬁééo Qe
dynami cag | Wﬂ@bftthé’eerrorzé MN eNGrA sﬁmﬁlébﬁymm’@'dﬂ% ﬁmtt@nn@,xa Mnegyal ue of

said thresh S are fixed so as to avoid divergence problens, if S < Smn
then S = Srfunctiarf wigh satiration Hefinesl bYSrrax The val ue of the increnent 8S may

be adapt ed fun o] f the ab e. e error E= IN- Nsl A
si npl e exarf%séS (5"?3’%1' rcHﬁ? né+’§'a§ $$ %gﬂ' 'ﬁh\it N;L \)v‘lr‘| "MMsat uration defined
by: 8S=8Snmyg i I|r} rly iR iR BIa't:ed'Bétw@e$r§§m|ﬁ‘ andd ddax\§ E ?nlﬁ_{“m,- R} &S

| inearly interpolatéd Pween sem n and 8Smax, if E mml max,
where 8Smaxg rﬁm(rwh&erWnam,dSEEnm E_anax amg & nintase irfidut data The key i mages
‘sel ected by the nethod described previously nust be transmitted with a

maxi mum$riority. The video coder, 14, suitable for inplenmenting the nethod
according 0 t NerddanihSds LSBSteR P T

step to generate 'a parti ar Stricture of group o mage G oup
of Pi cturedftansGifgd Wik éamaxtrhmm phierityeyTheraddeo acalatefidnesuitabple Her f | y

during the transm ssi nof e am.co i deo coder t
adapt “t he drPlRITeRE e Coiffndie 3¢y emEnc uhes ée@ﬂﬁe%fmeaﬁ?

obt ai ned atgdripadosy e peév.b@@ své;d@@ JePdpdte V¥ |p'art'i2ﬁ1l§r0§ﬁ§k§@ﬂe of ghee R
tenporal resolutions, bei ng i rrperatlvefor the 20 mnlrrumresolutlonto

cont ai n1% hemﬂg@Beos,etGEﬂUPk@§/ Plictuegss (&3P k| Bhe ffaet that ithe deeyc thpgess 8@l so as

-to ensure t ual,i t Lon.to th itrate avajl e he
transm ssi cfﬂ:‘eflgﬁg ?h Mea/ r %\eaﬁ; EINGHI AR tqﬁnv'gﬁgcsc;ﬁ??ﬂ' c@irkqeﬂ%?h%

I mages nustyidgo r@é‘d%rVQG bMapf ithel syruturédeobppeat@OPsFidgnamicaliyl | Tisé r at es
an exenpl ary depiction of a tenporal 8_@5;1nul arlt schene 25 under_a

const rai nt Qﬂfnmfﬁﬁéwt%/t@ﬁmc@b‘tamw i Ot Rt @ dhe videat Federd vl be| evant .
The constradqgﬁewéégaosoqd Q%rghete}ﬂ e Qggtﬂptlérfss'ﬁ Pefn tnlﬂ e #ﬁ% tlakngach

coded i nmage ongl ng tenpora reso e predicted on
the basps Qﬁ|nan0nﬂmioiu1maobc&imanglthg tholemtmfgbynmbgepml alsesol ito ons. 30

In the enbodi nent where the nodule for sel ecti r1 relev e row des a
degree of e GPMPJERRET SPnRS SR \RiIskre JB% Palige{n |rﬁl§§8§ togﬁ% EE S nger
J ust available on the transmission channel. The temporal resolution which

comprises the key images must be received by priority by the operator.
Figure 5 illustrates an exemplary depiction of a temporal granularity scheme

25 under a constraint of priority on certain images previously identified as
relevant. The constraint imposed on the video coder resides in the fact that
each coded image belonging to a given temporal resolution cannot be
predicted on the basis of a coded image belonging to the higher temporal
resolutions.

30 In the embodiment where the module for selecting relevant images provides

a degree of priority defining several classes of key images, and no longer just



22 one, the video coder will then generate several tenporal resolutions,

hi erarchi zed as a function of the degrsg of priority of the key images.
Once the structure of a GOP is definedf“the coder, for each tenporal
resolution, defines a specific distortion and bitrate-based allocation
which 5 nust nake it possible to deal with the constraints inposed by the
transm ssion, in terns of available bitrate notably. For each type of inage

received (key inage.or lower prjority inm , this allocation kes it

hoss ble t et He e PRy pBIbheR ORGSR hesvass) TemPors| FRsctetanSar

- spatial codj; : ' i et A ; imBhEslre 6

schenmat i caICHI%rﬁlﬁﬁrggggghmﬂSﬁfggrqér?g?g}(og.ﬁﬂeﬁwf tﬁrﬁgg?éraggg%s made by the
oper at or t dnece dhacstrudture tofiea s§OFers adefimedi rthet codédre fonvaachi tamparnal conf or m

to the JPIP i caf i ocol.. di,ng, i nder,. of th
funct onal IEFOLUGR. HRNRSH 2o BREHNE st apur BinbteBered Jfgener virigh
adapt at i §n héc imake "Rdgoddisiec®d wehhivith Npef caRBMEINts dmpdiedi byeré on. The

typical architecture of a JPIP systemis conposed of several clients
cormmuni cat itrapsmission, etergrs offawaidable ritratepnetekty. drereachatywpeaphiraage

I nterface ; ' | -Sindl y cation
returns Zovyggélge%‘gerfﬁ%&iﬁ”an fPDrI(ﬁ']nf!a@?é%h?gﬁgﬂg%ét&goﬁsggﬁat Fg’l%glpﬁkgacement,
i ts viewi ngozdEiermihBethe appelof catlingntobied \spplied hie sartientar spatilhsodimy ver is
conposed of a_succession of requests and_of responses, The r.equest defines
the par amet@dingGpy redigtignoh@nedies framenFigyre ﬁegqr@g@tmllmlgusgr st or the
positioq of rh{gfpléoomvm' ndow) in a conpletely transparent manner with 25
respect ?oq e syntax of the JPE&R000 standard. One of the properties of
the JPIP protocol is to provide portions of JPE&000 i nages known to the

erson skilled in the art ' N
P _ I'Irhe requestsb%latdrée btye{hrg ' Sperator t%f |r|1t2Faecrtevsv}th the rs?/g e > toa

according to the invention can conform to the JPIP communications protocol.
Accordingly, a reminder of the functionalities of this protocol is given before
15 introducing the adaptation which is made thereof within the framework of the
invention.
The typical architecture of a JPIP system is composed of several clients
communicating with a server. The client application has a graphical interface
where the decoded image is displayed and the server application returns
20 data when the client modifies, through a zoom or a displacement, its viewing
zone. The communication between the client and the server is composed of
a succession of requests and of responses. The request defines the
parameters of the viewing zone (such as the resolution, the size or the
position of the zoom window) in a completely transparent manner with
25 respect to the syntax of the JPEG2000 standard. One of the properties of the
JPIP protocol is to provide portions of JPEG2000 images known to the
person skilled in the art by the term regions of interest, in response to a
request from the client. Three pairs of parameters make it possible to define
a region of interest as illustrated by Figure 7. The first pair of parameters (Fx
30 and Fy) makes it possible to define the resolution to which the image, or the

part of the image, is desired. The other two pairs of parameters will apply for



request fromthe client. Three pairs of paraneters nmake it possible to

define a region of interest as iIIustrg%ed by Figure 7. The first pair of
parameters (Fx 30 and Fy) makes it pos$Pble to define the resolution to
~which the image, or the part of the image, is desired. The other two pairs
of parameters will apply for 23 this resolution. (X offset and Y offset)
are the position paraneters of the desired inmage part within the resolution

defined by the pair. (Fx F and (Rx, define its. size also within the
oS0l ot o thiar resalitioh 1eShedt ndy iafieehy £, ks ppsiichoRgi RIRrsoPt the
response t PRI %ﬁ ; i raegrity the
I owpf reque;acél%gséat:@na{ggi nedwltrrﬁr?ﬁlee] féss%gggn(gefmdxﬁi maé E?thri‘(fgzégﬁc(ﬁés i %_an
i ncr enent alRyjedefipe. itsl size hisoi withis tee resalatiorofefineas by thecpainffoordi.ng to t he

i tion, the JPIP protocol is .applied t- idual j : i ned

th ought hdna aSEVETTYEERaReT A Feshp e To T deBLet! THR L FgA00"

frequencs e%é?@e/retrarhérﬁwbyb%ﬂﬂitgitﬁ@%whﬁaﬁmetdsaéémamedﬁa thenplagiechyd i n the
e

video streamtransmtted, 5. is therefore judicious to dispatch by

priority tHbenitlghighdfequrncies iofan insremagial mannesplortbegplementatior 961 ut i on

d 3l . S i :
nformat onfe BREr SR o 18 IRTeRicL e IRIEY SESREAY B BplElo o,
nust al so hesidakkmagé,00 aststalned. throdgte the steps! itlustratelantfigom 2. bf thide

sequence 15 containing the key inages, the nore the hi %h frequencies wll
be i npai r eFagRd e P fiSALENEigS e havecalrgady rRerendiseaiCheY REERINe OHamaged.

In this,ca LEsdnS j NP &t Ty s ol he | ow
frequend e B BIEl (T RETRCY Sidith HRBLl 3 i e BT Ao 10 e
user requedtispaible biPpionitpdhe chigls drequienbies ofhibef inmagenookesfondirg itontleat i on i s

t her ef 20 adapt ed t 0, det i der .of di t ghi f th
JPEG2000° pdeRAUEOASeaTTHAR OIS POTRETEAIL i Bioif stk SESTAL s coder
and of the Tiﬁfb?ﬂ'aﬂ&h?ﬂow@?éf‘, ihey bitffle SBALIrAht FOPSSRPERIR Gtso/RABPRiRE by the

oper at or. e objective is to reduce to the maxi mum the transm ssion tine,
and t hi s widl$o &le takenhinte@ecaunt |ndeehkibealomestthechitraterof thg sequencen a
vari ant enbodinent,, the operator, ,can s i f yring his regue .t hat he
desires®o ?@?'Bm g’es %Yérﬁagﬁs’twg W&’%ﬁ@%r’ﬁ%gfe&#’eﬂﬁgsiwgﬂe i@bg'&%@d to be
retransm ttag infBe AdsOEadd)i theSPW frBquendies frhad alstpbeodahbhyed amh thigge
whose content is close but which will be nore relevant according to a 30
shar pness aseeiti isrneqessani to digpatch fiistly dhe dapidyalst efpthealow freglengas ed

during the ator' s r : | t 0 d (by
the oper a A9101ss bBRaReliETE hign, falefies LoREEhtndRa SaneNiceraRlgBELee |2
shar pness Ofhes PP zaodulesuped withiredhe framgworkTloé tsarrverdionulsathievefore

lied to th f the 5i i ted |
L hbaPhoptetaa 2o F determine the order” of ‘dispatching of & JPEG2000

packets as a function of the bitrate allocated by the video coder and of the
resolution, quality and spatial zone parameters requested by the operator.
The objective is to reduce to the maximum the transmission time, and this will
allow the operator to make a fast decision.
25
In a variant embodiment, the operator can specify, during his request,
that he desires to perform a search in the neighborhood of the image
selected to be retransmitted. The aim of this search is to find, optionally, an
image whose content is close but which will be more relevant according to a
30 sharpness criterion. In this case, the following steps are implemented during

the operator's request:



'seII ected image. )=. The inmage whose sel ected zone is the sharpest according
to the chosen criterion is selected and .recovered via step 17 (Figure 2).

It is then processed thereafter in t he2ftet hod 10accor di ng to the invention
described previously, and illustrated by Figure 2. The sharpness criterion
used may be, for exanple, based on a simlar principle to the one that can
be used to carry out an autofocus function at the |level of the optical zoom
of a still canera or povie canera. A criterion, kno 15 to the rson
skilled in the art? A Gaiciatamonyths: Zope SeIRClede (Yot eovapﬁgataﬂ ot e

"Aut of ocusi ng Al gor i tduia $ek HRhG8df oo/ HeAB t&8relbtaRFE HP¥he sifhrprdSs of:

Dut hal er and B. J. Ne%%%n, Ingggo%cgecf?ﬁgs 0 rlegE@ral RC%?menter ati%nal

Conf erence on | ntel | isgppdhzomeoparfamedyst ens), pp. 70-76, 2005 nay be used.

To be effective, suych_a sharpness criterion,.mys xhi bit a maxi 20
(respectively mini %ﬁh%ﬁaﬂé&m@iﬁ”@tf@ i'%fé’é’“ga ﬁonghe; it ﬁ?ﬁgso%%%i ch
this criferion is apniRdsi sitPseled | ehigdral HEUINEGS dlsé t tomisé

exhi bit a decreasing (réspectively increasing) value as the inmage or the
i mage zone becones | esleciedimpagesThe system and the nethod according to the

I nvention exhibit notghl fol |l ow X L gh- i on
sequence to be t ra%s rﬁ% ﬁﬁggg “élrﬁéés‘ﬁt ﬁ%‘ggt&?’%@%ﬁ@fﬁ 35%@5@3%%9 égﬁ% 8
transm ssi on nedi um feschesdn retdrion iskelgttdd amdrpstoveeddwdatstep the end
user. 25 The operator can virtue of interactive requests, obtain

b

addi tional tenporal dFigsat 2hl % i dhea: Prasested hihereaftarnin thii Bethed |
recei initially. . ' 4. : [ -ti
Compat 1 17 e and 5r squid Sl dIHE BAAE TRV riBn R AbED LrelBUART SR Mididied L 0
time introduced is by Rigure 2. '

The sharpness criterion used may be, for example, based on a similar
principle to the one that can be used to carry out an autofocus function at the
level of the optical zoom of a still camera or movie camera. A criterion, known
15 to the person skilled in the art, such as that described in the following article:
"Autofocusing Algorithm Selection in Computer Microscopy”, Yu Sun, S.
Duthaler and B. J. Nelson, In proceedings of IEEE IROS (International
Conference on Intelligent Robots and Systems), pp. 70-76, 2005 may be
used. To be effective, such a sharpness criterion must exhibit a maximum
20 (respectively minimum) value when the image or the image zone over which
this criterion is applied is perfectly sharp, and conversely it must exhibit a
decreasing (respectively increasing) value as the image or the image zone

becomes less sharp.

25 The system and the method according to the invention exhibit notably the
following advantages:

> The high-resolution sequence to be transmitted is adapted to the

constraints of the transmission medium by selecting the information

most relevant to the end user.



Overall, the proposed system nakes it possible to adapt to the bitrate
constraints, w thout, however, sacrificing the resolution and the quality
of the imges to which the operator ca®Shave access. 26 CLAIMS 1. A nethod
of on-line transm ssion of a high-resolution video sequence conposed of a
succession of T images, characterized in that it 5conprises at |east one
step of selecting rel evant images (13) conprising at |east the follow ng

steps: )% Step 1l: Split each image to be transmitted at the instant t into
a nunber N of »zokhs operator can, by jwiguesof interaqtye reqEgastso 913N RYAGRghed i n

step 1, cal cul atg I ngh% I Mve sai d
zone, )—. Ste p "ﬁm}l&egghéﬁnéée&%(ﬁ%% f e trrafr?sr%‘lﬁéttt ygﬁcrgg{r%aﬁgé%ﬁ%dvect or
VN (t) of size hhltlatby esentative of the content of said image and cont ai n| ng

t he val bt tep 2 f h of th t
(1) ="[vo v T AT the PrapesSna prdtans patepust Arofeaens camPROpISiatact or

Step 4: Lal cul at o] é@n’e i t he

ref erence vectorr‘éﬂﬁlrgor @ﬁ ?ﬁﬁé%-i Cr%%’lﬁrc@& ‘h%rre%% § e ttgﬁérxl\qgﬂefor an

i mage previousl yntredimﬂdels raniméke i nstant t1 Pel (k -0= /(tl) and that VA (1)
cal cul ated for the ¢ ent im 0|a he f.ol |.ow l,cu pon: R (k
“1).VN (1) a 5 'O Rropgs gﬁiéy @hb W?'ﬁ to aé%t?‘%the b&f"f(ﬁ‘r (1) (

A" (t) index %né’tréiﬁise%tﬁéut fﬁiﬂ%verSé@&lfﬁlng'\méere%oﬂﬁﬁhsérimtﬂénq@&lﬂy 8l ect i on

(or not) for transmi ssion of the current inmage /(t) by conparing the val ue
of the nor mal thecinages to which the operator can have access.



25correl ation coefficient a with one or nore threshol ds having val ues fi xed
a priori. 27 2. The nmethod as clained_in claim1, characterized in that
the value v(t) calculated in step 2 i s2B8bt ai ned by cal cul ati ng one of the
criteria derived froma histogram containing the |um nance or chrom nance
val ues of the pixels of the zone n of the image /(t) - said criteria
5i ncl udi ng: the energy, the variance, the danping coefficient (or
Kurtosis), the asymretry coefficient (or Skewness) or the center of gravity
of said histogram- or by perforni ngCkAIMSear conbination of at |east two
of these criteria. 103. The method as clainmed in one of clains 1 to 2,
characterized in that the step of selecting rel evant imges (13)

addi tional ly ¢opmethsd Tolﬁemimﬂd wansrgissionpsf a IBlgmre:stJtMS\'yideofseqaehcepai r of
vectors (1 ?", (k -1), tg‘”) obtalgcefi
|mages Usel (k -PP”?RQSFF Of:aﬁ CEEESIgns g nd”\?@@?orChfS%t‘?fl\F?q )'”—th@i\/'i) (t),

, Av. t)) su A%t t I sitive
i nt eger Cal cul ?tae é}?ee n\(?;[m tl\fz')% éte toﬂ(eg%lg%t%rk{ El\i?\)ﬁt?sg an ivi ’e) sai d
vect or bysai dnor reoogirissngat Ileastjthedbtbmwmg(stgepsA VA (t) == (AVo(t), ,  AVA
(t)). A (1)

> Step 1: Split each image to be transmitted at the instant t into a

number N of zones,
» Step 2: For each zone n determined in step 1, calculate a value

10 : v,(t) representative of the content of said zone,
» Step 3. For each image I(t) to be transmitted, generate a vector
V,(t) of size N representative of the content of said image and
containing the values obtained in step 2 for each of the zones
determined in step 1, V,()=[v,(t)...vy ()], [1" being the
15 transposition operator for a vector.

> Step 4: Calculate a normalized coefficient of correlation o between

the reference vector R, (k)=V, () =[r,(k), 7, (k)] determined

for an image previously selected at the instant ¢t

I*(k-1)=I(,) and that V,(¢) calculated for the current image I(¢)

20 via the following calculation: —
RL(k-1)V, ()

\/RT (k-D)R,, (k-1)/ VL)V, ()

, where k is the temporal

index of a selected image.
» Step 5. Make a decision on the selection (or not) for transmission

of the current image 1(t) by comparing the value of the normalized

25 correlation coefficient o with one or more thresholds having values

fixed a priori.



20> Calculate the followi ng extra criterion so as to determ ne whet her
there is uniformor localized distribution of the differences between the
two i mages considered: oN N DC = (AV 127A11Ax - )1 (IIwith A VA, AAAX = MAX
(Av' n (t)),0 n < N, 250 applying the following test, if DC < Spc, the
di fferences between the two i mages considered are uniformy 28
distributed, otherwise they are localized in a given zone of said inages.
4. The nmethod as clainmed in one of claims 1 to 3, characterized in that 5
step 5 is i npRemthegnethpdpas fabrimady in cladmt 1.oche@siriizedoin that \teevalue

Cnteger, i the 10 SFHaT i SeE ZRio0EEE Y ERCHEART AR LB iy ATT Y
sel ected, the r fv%ﬂCﬁ'or‘ﬁeﬁyﬂéto'g??(r‘dg%tﬁﬁ1tir@:tﬁé<)Iurﬁin‘én%)oraEHEcrﬁﬁﬁaﬁEé ect ed

i mage index is 10incremente converse case, the rnmage is

not retained as vahlew anithé pigsls df. thEhgoneinhofl ties imlbge mp@) i-nsaidi adriterid to 4,
characterized in that the step of selecting relevant inmages (13) conprises
the fol |®w ng addciudimgal thessnepgy, thsefvari@anae, i thegdaoping ecoefficient (or

ol ey ' I . . 1
ner enent ed by KURERILAER RYTMETY SHET et Femistsl vEang Biller ot
. maxi mum val ue Qjrafi@y} 8f sQdMiStogedth -l orBX performing a linear combination of at

least .twc_> of these criteria.

10 3. The method as claimed in one of claims 1 to 2, characterized in that
the step of selecting relevant images (13) additionally comprises the
following steps:

> On the basis of each pair of vectors (R, (k-1),V,(?)), obtained for
the pair of images (/*(k-1),1(t)), calculate a second vector

15 AV, (1) = (A, (1), Avy (1)) such that Av,(0)=|v,()-r,(k-D|, B

being a given positive integer.
> Calculate the norm |AV, ()| of the vector AV, (r) and divide said

vector by said norm to obtain a third vector

! AV'(l‘) l !
AV, (1) = —2= = (Avy (1), -, Avy, (1)) .
O ] T
20 > Calculate the following extra criterion so as to determine whether

there is uniform or localized distribution of the differences between

the two images considered:
1 1 .
o DC=AV"™ -—)/(-—), with
(AV, N) ( N)

AV = MAX(AV', (1),0<n< N,

25 o applying the following test, if DC < Spc, the differences

between the two - images considered are uniformly



20 For each image, performthe follow ng conparison test: if a S and cpt |
cpt | max, select said imge as rel evant. 6. The nethod as clained in
clains 1 to 4, characterized in that t k8 step of selecting relevant imges
(13) conprises the follow ng additional 25steps: )=. Define an inage

counter cpt I, initialized to 1 when a relevant inage is selected in step 5
and increnented by 1 with each new current image 1(t) received and a
m ni nrum val ue of said caounter cp =. For each image, perform

the fol | owi ng conpari soﬁ'sﬁr&‘{tedr P”@W'SS tQﬁM %ﬁt'opal@eéip'ﬂ 3 giNen zere Pbt
retain said i mage as re%gmqﬁh e&. The method as clainmed inclains 1 to 6,
characterized in that t 8 of selecting relevant inages (13) conprises
the follow ng additional steps: Define a deS| red nunber Ns of i mages

el ected per nd, at nt er, . r.at o al,to, Th for
fhe updat !Ong gf Q@!ﬁ thﬁe%%o‘rlﬁ'"é |9n9\t° Wst? géq ﬁ{h@F u%ﬁd &t on
equal tosTh, Ca'scié'b%tr§|ﬁrb%nMB8rbyCHerf ahesdreonfshridontidweBhigg during

said previous tinme interval of duratlon equal to Th, = At each tinme interval
of duration equadortehat‘ﬂn omﬂicﬂgntt e and| ae podédefinedt HinreshollddSS anstrietly

fol l owi ng nanner : ]1f5 {}j E’XYW If N> Ns, S= S + 8S, where
SSis an initialfQPHved8 g&ﬁdﬁ&Peé‘}] g 81ARP€dj ust ed i ncremental positive

integer value. 8, {he ihaddfertinh d](t)nrscéé!?éféd1tHe°re?ereﬁE§rv%E¥cﬁ"rléZed in

that step 5 20 consists in performn conpari son between the

correl ation coeffigphgaiedd ﬁ“c(k?v AN th hiid PaRét '§é¢edlé6b€iﬁwaée0frn8éﬁd€r§' hed
thresholds Si, 1 <J, in the | I'ow ng manner: )=. a < 81, the

current ¢y mage is smce@méﬁté@ kB jay raxi mum degr ee of prlorlty, 25 If § a <,

for 1 j <J-1the current inmage is selected with a
> in the converse case, the image is not retained as relevant image.

5. The method as claimed in claims 1 to 4, characterized in that the step
of selecting relevant images (13) comprises the following additional
15 steps:

> Define an image counter c¢pt_/, initialized to 1 when a relevant
image is selected in step 5 and incremented by 1 with each new
current image I(t) received as well as a -maximum value of said

counter cpt_|_max,
20 » For each image, perform the fellowing comparison test: if o > S

and cpt_| >cpt_|_max, select said image as relevant.

6. The method as claimed in claims 1 to 4, characterized in that the step
of selecting relevant images (13) comprises the following additional
25 steps:
> Define an image counter cpt_/, initialized to 1 when a relevant
image is selected in step 5 and incremented by 1 with each new
current image [(t) received and a minimum value of said counter

cpt_I_min,



mean degree of priority j, |If aSj, the image is not retained as rel evant,
Si is astrictly positive, integer. 30 9. The nethod as clained in clains
1 to 3, characterized in that step 5 i@9perforned in the follow ng manner:
)=. Sort the T inmages of said video sequence in ascending order of the _
value of their correlation coefficient a, 5> Goup the T sorted inmages into
J+1 groups hierarchized as a function of the value of a, each of said
groups of images conprising the sane nunber of images and corresponding to
a mean degree of>pFpoeach imagel peofommethestaliowing compianiean itastoritoot § he

precedi ng clains, characterized in that, the. high-resolutipn vjideo sequence
is conpressed bef o?@gtcpg-l{sgn?@tsf nvfjg npﬂée%@l ?ag%"nagglaéﬁg.%vaﬂtrform a
spatial under-sanpling (11) of sai'd high-resolution video streamso as to
obtain a video sequence of |ower resolution éZ), 15> Apply the step of

SEI ecti gg rel @va'ﬁ}e medhed ag chHimed imcé?ide‘etp etfenasteriged|indleat thessdemit i on
‘o e _. . ) 9
(1) sui 2abie 1 oF Guhe PRIBIGRONYER, (55 raGE B, poilpuiile il ! |

whi ch the rel evatépd:nages sel ected define: 200 a tenporal resolution,

containing the set of relevant inmages selected in the case where the step
of sel ecting rel®vBsfingffrsiredimymbey Ny et inagas,selaced Psh§eesnd.el evant

images all having Hagng UMhinfle HiERaPbf RIUrAdrt ¥qual to Ty for the updating of
| , said threshold S.

10 » At each time interval of duration equal to Ty, calculate the number -
of images N selected by the method during said previous time
interval of duration equal to Ty,

» At each time interval of duration equal to Ty, modify the value of
the threshold S in the following manner:

15 IfN <N, S=8S-38S

If N> N;, S= S + 3S, where 8S is an initially fixed and/or

dynamically adjusted incremental positive integer value.

8. The method as claimed in claims 1 to 3, characterized in that step 5
20 consists in performing a test of comparison between the correlation
coefficient o and a strictly positive number J of predefined thresholds

S;, 1 <j <J, in the following manner: |
» If 0 < a < S the current image is selected with a maximum degree

~ of priority,
25 » If §<a < Sy, for 1 <j < J-1 the current image is selected with a
mean degree of priority j,

> If o > S, the image is not retained as relevant, S; is a strictly

positive integer.



o several tenporal resolutions, each containing the relevant 25 inmages
selected with a different degree of priority, in the case where the step of
sel ecting rel evant images (13) deliversS0several groups of relevant inages
with different degrees of priority. 31 12. The nmethod as clainmed in one of
claims 10 or 11, characterized in that the high-resolution video sequence
to be transmtted is saved in a storage unit (12) and that an imge or

i mage zone of said video 5sequence is selected so as to be transmtted or
retransm tt ed9acthe dietiyod astchaimedlin olidimg ttaedscharactepized dn that stembiial

over-sanmpling (16).0f said, i e.so as to obtain a high-resolution image
(6), Cal cul r&°f ﬁHSP?g‘ﬁg’H‘eigﬁa’Weeén the over-sanpled i mage (6) and

10t he correspondingopttBer RivagasSoNsdid Qided debriense imastshdiRg arderaofitesi dual
(9), )% Conpress said residual (9) via an inmage coder (21) so as to

produce a conpr essedlustafdbeir corrplationegeficierdast packets which contain an
information on the high freguencies of the, i e (12) ‘15and, ot her packets
whi o CoPt ai 1 art | GTBRREPoN SHEhamBgRS { Pis e cPLn; MR eniaRdg s 4T ansii ¢
sai d conpressed st kaRibhOof theMYhRiORAT 8t Odadhl Vf- shidt gTB@pérEém%a?és cl ai med
in claim112, characterized in that the inage to 20 be retransmtted or the

i mage associ at ed wcompsising theagameonember 19f imageanand cowespendiogpgarad with

its tenporally neighboring i es W.hin said high-resolution video
sequence so as to ﬁ&%}?ﬁﬁseﬁ%&ﬂ“w ‘the | east blurred according to the
followi ng steps: Calculate on the inmage or the inmage zone selected a

_criterion 25 representative of the sharPness of said inmage or image zone,
sai d sha® pnesdOcthe aatbed egiglaimedci ane of the preaedinanchaines, charactenze@ or

| Tage zone. i SRl Rk oo Wl Ry SR BEHERCEITL CBRBIdReb bR 1ot

when said i nage or ot al ar'réd; Perrormthe
sanme cal cul at i ortransnhiBsiol vig theofolibWingstegébor i ng 30i nages, M being a

predefined val ue§ Perform a spatial under-sampling (11) of said high-resolution video
stream so as to obtain a video sequence of lower resolution (2),

15 » Apply the step of selecting relevant images (13) to the video

sequence of lower resolution obtained,

» Perform a compression of said sequence (2) by a video coder (14)
suitable for generating a particular structure of group of images, in
which the relevant images selected define:

20 o a temporal resolution, containing the set of relevant images
selected in the case where the step of selecting relevant
iméges (13) delivers only one group of relevant images all
having the same degree of priority,

o several temporal resolutions, each containing the relevant

25 images selected with a different degree of priority, in the
case where the step of selecting relevant images (13)
delivers several groups of relevant images with different

degrees of priority.

'30 11.The method as claifned in claim 10, characterized in that the video
coder (14) conforms to the H.264 standard.



32 y=. Select the sharpest inmage according to the previous criterion and
retransmt this inmage or the associated, i mage zone, in place of the one
.initially selected. 514. The net hod as3d aimed in one of clains 12 or 13,
characterized in that the inage coder (21) is suitable for defining the
order of dispatching of the packets nmaking up the conpressed streamas a
function, at least, of an information regarding available bitrate for
transm ssion and fixed a priori (14). 10 15. The method as clained in one
of claims 12 to 14, characterized in that the inage coder (21) conforns to

the JPEG2000 $5anfefilihod ag Biaired ifBheY RS ) P11 | chfleRred bl 12 tO

15, characteriZed in tha retransmssion of an 1 mge or | mge zone is
done via a requabé High-résolatibmeridesequepes dd de transtiitted e sewetddd as

AR RN T RS RN L R ST .
o e 1 e R | SRR 0N 0 hhenuuton SRR
for executing t heccetdipg tothe todlownghsteépas cl ai ned i n 25one of clains 1 to
17. > Perform a spatial over-sampling (16) of said image so as to obtain
a high-resolution image (6),
» Calculate the difference between the over-sampled image (6) and
10 the corresponding one previously stored (12) so as to obtain a
residual (9),
> Compress said residual (9) via an image coder (21) so as to
produce a compressed stream comprising at least packets which
contain an informaﬁon on the high frequencies of the image (12)
15 and other packets which contain an information on the low
frequencies of said image,

» Transmit said compressed stream to a remote operator (19).

13.The method as claimed in claim 12, characterized in that the image to
20 be retransmitted or the image associated with said image zone to be
retransmitted is compared with its temporally neighboring images
within said high-resolution video sequence so as to determine which is
the least blurred according to the following steps:

» Calculate on the image or the image zone selected a criterion
25 representative of the sharpness of said image or image zone, said
sharpness criterion exhibiting a first extremum when said image or
image zone is perfectly sharp and a second extremum opposite to

the first when said image or image zone is totally blurred,
> Perform the same calculation on the M temporally neighboring

30 images, M being a predefined value,
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32

> Select the sharpest image according to the previous criterion and
retransmit this image or the associated image zone, in place of the

one initially selected.

14. The method as claimed in one of claims 12 or 13, characterized in that
" the image coder (21) is suitable for defining the order of dispatéhing of
the packets making up the compressed stream as a function, at least,

of an information regarding available bitrate for transmission and fixed

a priori (14).

15.The method as claimed in one of claims 12 to 14, charactefized in that
the image coder (21) conforms to the JPEG2000 standard.

16.The method as claimed in one of claims 12 to 15, characterized in that
the retransmission of an image or image zone is done via a request

(8) from the remote operator.

17.The method as claimed in claim 16, characterized in that the requests
(8) and the responses to said requests are implemented via the JPIP

standard.

18.An interactive system for transmitting high-resolution video
sequences, characterized in that it comprises a sender and a receiver
" comprising means for executing the steps of the method as claimed in

one of claims 1to 17.



